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 369 

KEY ABBREVIATIONS AND ACRONYMS 370 

AE Associative event 371 

AF Assessment factor 372 

AhR Aryl hydrocarbon receptor 373 

ALP Alkaline phosphatase 374 

ALT Alanine transferase 375 

AO(P) Adverse outcome (pathway) 376 

AST Aspartate aminotransferase 377 

ATSDR Agency for Toxic Substances and Disease Registry 378 

BMD/C(L) Benchmark dose/concentration (lower 95th percentile) 379 

BMR Benchmark response 380 

BrdU Bromodeoxyuridine 381 

BUN Blood urea nitrogen 382 

ChV Chronic value 383 

CAR Constitutive androstane receptor 384 

CASRN Chemical Abstracts Service Registry Number 385 

CI Confidence interval 386 

COC Concentration(s) of concern 387 

CYP Cytochrome P450 388 

DAF Dosimetric adjustment factor 389 

DCP Dichlorophenol 390 

EC50 Effect concentration at which 50% of test organisms exhibit an effect 391 

ER Estrogen receptor 392 

EPA Environmental Protection Agency (U.S.) 393 

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 394 
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HC05 Hazard concentration that is protective of 95% of the species in the SSD 397 

HEC/D Human equivalent concentration/dose 398 
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IRIS Integrated Risk Information System 401 
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Kp Permeability coefficient 403 

LC50 Lethal concentration at which 50% of test organisms die  404 
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LD50 Lethal dose at which 50% of test organisms die 405 

LI Labeling index 406 

LO(A)EC/L Lowest-observed-(adverse)-effect-concentration/level 407 

MATC Maximum acceptable toxicant concentration 408 

MIE Molecular initiating event 409 

MOA Mode of action 410 

MOE Margin of exposure 411 

MTD Maximum tolerated dose 412 

NHANES National Health and Nutrition Examination Survey 413 

NHL Non-Hodgkin lymphoma 414 

NO(A)EC/L No-observed-(adverse)-effect-concentration/level 415 

OCSPP Office of Chemical Safety and Pollution Prevention (EPA) 416 

OPPT Office of Pollution Prevention and Toxics (EPA) 417 

OPP Office of Pesticide Programs (EPA) 418 

OQD Overall Quality Determination 419 

OR Odds ratio 420 

PB Phenobarbital 421 

PBPK Physiologically based pharmacokinetic 422 

PECO Population, exposure, comparator, and outcome 423 

PESS Potentially exposed and susceptible subpopulations 424 

POD Point of departure 425 

PPAR Peroxisome proliferator-activated receptor alpha 426 

PXR Pregnane X Receptor 427 

QSAR Quantitative structure-activity relationship (model)  428 

RD Relative deviation 429 

SD Standard deviation 430 

SD Sprague-Dawley (rats)  431 

SSD Species sensitivity distribution 432 

TOC Total organic carbon 433 

TRV Toxicity reference value 434 

TSCA Toxic Substances Control Act 435 

TSD Technical support document 436 

TSH Thyroid stimulating hormone 437 

UF          Uncertainty factor 438 

U.S.          United States 439 

Web-ICE Web-based Interspecies Correlation Estimation 440 

WOSE Weight of scientific evidence 441 
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SUMMARY  443 

This technical support document (TSD) accompanies the Toxic Substances Control Act (TSCA) TSCA 444 

Draft Risk Evaluation for p-Dichlorobenzene (U.S. EPA, 2026k). p-Dichlorobenzene is an organic 445 

substance used in air freshener products and in the manufacture of specialty plastics. It also has a non-446 

TSCA use as a pesticide, especially in moth balls. This draft TSD describes the use of reasonably 447 

available information to evaluate the cancer and non-cancer human health hazards. It also evaluates the 448 

environmental health hazards associated with exposure to p-dichlorobenzene to derive the points of 449 

departure (PODs) used to estimate risks in the draft risk evaluation.  450 

 451 

Human Health Hazard 452 

Humans may be exposed to either neat p-dichlorobenzene powder or vapor, owing to sublimation of p-453 

dichlorobenzene at room temperature (U.S. EPA, 2026d). Based on physical and chemical properties 454 

and expected exposure scenarios, the U.S. Environmental Protection Agency (EPA or the Agency) 455 

quantitatively evaluated hazards via all exposure routes. Hazards were assessed through systematic 456 

review of reasonably available evidence, which includes human epidemiology, animal toxicology, and 457 

mechanistic data (including in vitro studies). Previous reviews by U.S. and international government 458 

agencies were consulted for targeting the weight of scientific evidence analyses. To this end, the Agency 459 

for Toxic Substances and Disease Registry’s (ATSDR) 2006 Toxicological Profile for Dichlorobenzenes 460 

(ATSDR, 2006), and EPA’s Office of Pesticide Programs (OPP) 2018 Human Health Risk Assessment 461 

in Support of Registration Review (U.S. EPA, 2018) were used to identify the primary hazards and 462 

previously identified key studies. Other draft or final reviews by California (OEHHA, 2025), Texas 463 

(TCEQ, 2015), Australia (NICNAS, 2000), and EPA’s Office of Research and Development (U.S. EPA, 464 

2006b) were also consulted for their hazard database or weight of scientific evidence conclusions for 465 

cancer. Hazard reference values and cancer classifications from other assessments are summarized in 466 

Appendix H. These sources were supplemented by a literature search for all reasonably available 467 

information through September 2019. 468 

 469 

Key studies for the non-cancer hazard assessment were primarily identified from the pool of high-470 

quality, guideline or guideline-like toxicity studies considered in the 2018 OPP risk assessment (U.S. 471 

EPA, 2018) developed as part of re-registration review. These included acute and subchronic 472 

neurotoxicity studies, two-generation reproductive toxicity studies, and several other systemic toxicity 473 

studies across four species. An updated literature search was performed in April 2025 with targeted 474 

criteria for refining the literature pool. The updated literature pool was refined for information related to 475 

cancer with a focus on in vivo data and subsequently screened using updated population, exposure, 476 

comparator, and outcome (PECO) criteria to support EPA’s cancer classification and weight of scientific 477 

evidence analysis. The approach to screen the updated literature search for only cancer information was 478 

responsive to the uncertainty in the mode of action (MOA) for cancer and varying conclusions on the 479 

relevance to human health risk assessment (Section 2.4). Non-cancer outcomes were not prioritized for 480 

an updated literature search because based on the diversity and depth of hazard information available 481 

across multiple routes; that is, the non-cancer database was considered complete. Independent 482 

systematic review was performed for all studies and outcomes. 483 

 484 

This draft hazard assessment builds on the hazard database and conclusions from these prior 485 

assessments, updated based on current EPA guidance, systematic review results, and in accordance with 486 

the best and reasonably available science.  487 

 488 

TSCA section 4(h)(1) promotes the use of alternative test methods that reduce or replace vertebrate 489 

animals to the extent practicable when scientifically justified and in accordance with TSCA’s science 490 

standards. Consistent with this mandate, EPA, on January 22, 2026, recommitted to phasing-out 491 
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mammalian animal testing and further incorporating New Approach Methods (NAMs) into chemical 492 

risk evaluations.1 This assessment exemplifies this commitment through an EPA collaboration with 493 

the Division of Translational Toxicology (DTT) of the National Institute of Environmental Health 494 

Sciences (NIEHS) to develop a 5-day, whole-body inhalation toxicology as well as a genomic dose-495 

response study (U.S. EPA, 2026m; NIEHS, 2025b). This study is a necessary bridge to validating 496 

approaches that can be used to phase out and replace traditional animal studies in the future. 497 

 498 

p-Dichlorobenzene is readily absorbed through the lungs and gastrointestinal tract. Evidence from test 499 

orders and other studies suggest that p-dichlorobenzene has measurable but limited dermal absorption— 500 

especially when accounting for volatility of the substance from unoccluded skin. p-Dichlorobenzene is 501 

distributed throughout the body with greater partitioning or retention in adipose tissue. Metabolism is 502 

complex, with both phase 1 and phase 2 metabolism contributing significantly to the toxicokinetic 503 

profile of the chemical. It is likely that metabolism to reactive metabolites contributes to the toxicity of 504 

p-dichlorobenzene. 505 

 506 

Because p-dichlorobenzene is a pesticide and regulated under Federal Insecticide, Fungicide, and 507 

Rodenticide Act (FIFRA), the database of laboratory animal studies is robust, with toxicology studies 508 

covering dermal, inhalation, and oral exposure routes across multiple lifestages, durations, and species 509 

including rats, mice, dogs, rabbits, and guinea pigs. Several case studies are available that qualitatively 510 

describe adverse effects from long-term p-dichlorobenzene exposure as well as a limited 511 

epidemiological database contributes to the weight of scientific evidence across several hazard 512 

outcomes. In reviewing the reasonably available information, EPA concluded that the weight of 513 

scientific evidence supports dose-response analysis on five non-cancer hazard outcomes: (1) liver 514 

toxicity, (2) respiratory system toxicity, (3) reproductive and developmental toxicity, (4) neurological 515 

toxicity, and (5) kidney toxicity.  516 

 517 

The best representative non-cancer endpoints and PODs were derived for inhalation, oral, and dermal 518 

routes corresponding to either acute, intermediate, or chronic exposure. These PODs are associated with 519 

neurotoxicity, reproductive and developmental toxicity, liver toxicity, kidney, and respiratory system 520 

toxicity. All values were adjusted to human equivalent concentrations/doses (HECs/HEDs) based on 521 

continuous/daily exposure. Route extrapolation was not required for inhalation and oral routes because 522 

the database was considered complete for those routes. Oral PODs were extrapolated to the dermal 523 

route; absorption will be accounted for in the exposure estimate.  524 

 525 

The acute inhalation HEC is 49.8 ppm and used with an uncertainty factor (UF) of 30 for neurotoxicity 526 

derived from an acute neurotoxicity study that was performed in accordance with OCSPP guidelines 527 

(OPPTS 870.6200a). Because intermediate inhalation POD options are not considered sufficiently 528 

reliable for selecting a single representative value; a range of options from 10.4 to 46.8 ppm (UF = 30) 529 

are provided in Appendix F for screening purposes. Inflammatory nasal lesions (as discussed in Section 530 

2.3.1.2.2) following chronic inhalation exposure with an HEC of 0.546 ppm and total UF of 30 were 531 

used for a chronic POD from a two-year inhalation study (Aiso et al., 2005b; JBRC, 1995) that was also 532 

performed in accordance with OCSPP guidelines (870.4300a).  533 

 534 

For oral exposure, a two-generation oral gavage study with postnatal mortality as the critical effect was 535 

selected for acute oral toxicity (HED = 17.6 mg/kg with UF = 30) (Bornatowicz et al., 1994). The HED 536 

for intermediate and chronic exposure is 3.0 mg/kg-day with a UF of 30, based on liver effects observed 537 

 
1 Administrator Zeldin Gets EPA Back on Track to Eliminate Animal Testing After Biden Admin Halted Phase Out, 

https://www.epa.gov/newsreleases/administrator-zeldin-gets-epa-back-track-eliminate-animal-testing-after-biden-admin; 

accessed March 11, 2026. 
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at 6 months and 1 year of exposure in dogs ((Monsanto Chemical Company, 1996), 870.4100b). This 538 

value was also extrapolated to dermal exposure; a dermal study was considered for dermal POD 539 

derivation (Biodynamics, 1990); however, no effects were observed at the highest dose tested. 540 

 541 

Under the EPA Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005), EPA reviewed the weight 542 

of evidence for carcinogenicity and determined that p-dichlorobenzene is Not Likely to be Carcinogenic 543 

to Humans. Consistent with Executive Order 14303 on Restoring Gold Standard Science, this 544 

classification is based on evidence that liver tumors observed in mice occur via a MOA that is 545 

considered not relevant to humans. There is also insufficient scientific evidence for other cancer types in 546 

animals or in humans. The MOA analysis and human relevance evaluation were conducted in 547 

accordance with the International Programme on Chemical Safety (IPCS) MOA Human Relevance 548 

Framework (Boobis et al., 2006), and supported through the use of NAMs—specifically transcriptomic 549 

analyses for evaluating non-mutagenic molecular initiating events. Evaluation of both existing data and 550 

the new NIEHS study identified activation of the constitutive androstane receptor (CAR) as a mouse-551 

specific MOA. 552 

 553 

EPA has confidence ranging from moderate-to-robust in the assessments and associated hazard values 554 

(or lack thereof) for all critical hazard outcomes and associated exposure scenarios. These confidence 555 

ratings were based on the weight of scientific evidence considering evidence integration, selection of the 556 

critical endpoint and study, relevance to exposure scenarios, dose-response considerations, and 557 

incorporation of potentially exposed and susceptible subpopulations (PESS). A summary of human 558 

health PODs is provided in Table S-1. 559 

  560 

Table S-1. Human Health Hazard Points of Departure for p-Dichlorobenzene 561 

Target Organ 

System 

(Route) 

HEC/D 

(Units) 

[mg/m3 If Applicable] 

Uncertainty Factors 

(UFs) Reference(s) Confidence in 

POD 

Acute exposure scenarios 

Neurotoxicity 

(inhalation) 

BMCL5 = 49.8 ppm 

(299 mg/m3) 

 

UFA= 3; UFH=10;  

Total UF=30 

Monsanto Chemical 

Company (1994a)  

Moderate-to-robust 

Developmental 

toxicity 

(oral/dermal) 

BMDL5 =  

17.6 mg/kg 

UFA= 3; UFH=10;  

Total UF=30 

Bornatowicz et al. (1994)  Moderate 

Intermediate exposure scenarios 

Multiple hazard 

outcomes 

(inhalation) 

A reliable POD was not identified. A range of POD options for the purposes 

of risk screening are shared in Appendix F, however the chronic inhalation 

POD is considered more appropriate for use in risk characterization. 

Screening will utilize PODs ranging from 10.4–46.8 ppm. 

Moderate for range 

of values, slight for 

point estimate 

Liver toxicity 

(oral/dermal) 

BMDL10 =  

3.0 mg/kg 

UFA= 3; UFH=10;  

Total UF=30 

Monsanto Chemical 

Company (1996)  

Robust 

Chronic exposure scenarios 

Respiratory toxicity 

(inhalation) 

BMCL10 =  

0.546 ppm  

(3.28 mg/m3) 

 

UFA= 3; UFH=10;  

Total UF=30 

Aiso et al., 2005b  

JBRC, 1995 

Moderate-to- 

robust 

Liver toxicity 

(oral/dermal) 

BMDL10 = 3.0 mg/kg UFA= 3; UFH=10;  

Total UF=30 

Monsanto Chemical 

Company (1996)  

Robust 

BMC/DL = benchmark concentration/dose lower confidence limit; HEC/D = human equivalent concentration/dose; NOAEL 

= no-observed-adverse-effect level; POD = point of departure 
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Environmental Hazard  562 

p-Dichlorobenzene may be released during industrial activities and through consumer use, with most 563 

releases being to air and land (the latter via underground injection and landfills). EPA reviewed studies 564 

of the toxicity of p-dichlorobenzene to aquatic and terrestrial organisms and its potential environmental 565 

hazards.  566 

 567 

EPA considered all reasonably available information identified through the systematic review process 568 

under TSCA to characterize environmental hazard endpoints for p-dichlorobenzene. After evaluating the 569 

reasonably available information, environmental hazard thresholds were derived for aquatic vertebrates, 570 

invertebrates, plants, and algae as well as terrestrial vertebrates and invertebrates (Table S-2). EPA’s 571 

rationale for selecting these hazard thresholds, as well as the level of confidence in each based on the 572 

weight of scientific evidence, are described in Sections 3.2 and 3.3.  573 

  574 

Table S-2. Environmental Hazard Thresholds for p-Dichlorobenzene 575 

Receptor Group 

(Exposure Route) 

Exposure 

Duration 

Hazard Threshold 

(COC or HV) 
Source 

Aquatic vertebrates 
Acute 0.211 mg/L SSD 

Chronic 0.03 mg/L Smith et al. (1991) (High) 

Aquatic invertebrates 
Acute 0.211 mg/L SSD 

Chronic 0.03 mg/L Kühn et al. (1989) (Medium) 

Aquatic plants and 

algae 

N/A 0.16 mg/L Galassi and Vighi (1981) (Medium) 

Terrestrial vertebrates 

(inhalation) 

N/A 1,040 mg/m3 

 

Hollingsworth et al. (1956) 

(Medium) 

Terrestrial 

invertebrates 

N/A 191 mg/L (above water solubility limit 

of 81.3 mg/L) 

ECOSAR 

COC = concentration of concern; ECOSAR = Ecological Structure and Activity Relationships (ECOSAR) (predictive 

model); HV = hazard value; SSD = species sensitivity distribution 

 576 

Next Steps: Seeking Peer Review and Public Input 577 

EPA is soliciting comments from the independent Science Advisory Committee on Chemicals (SACC) 578 

and the public on cancer conclusions presented in this draft TSD. In particular, EPA is seeking input on 579 

(1) consideration of how species differences in metabolism may inform mechanisms of toxicity, 580 

primarily for cancer; (2) whether the CAR MOA for p-dichlorobenzene liver tumorigenicity is 581 

scientifically supported; including the strengths and weakness of EPA’s MOA conclusion and the 582 

human relevance of the CAR MOA; (3) the utilization of NAMs, including existing toxicogenomic and 583 

new transcriptomic data, to support the p-dichlorobenzene MOA; (4) EPA’s classification of p-584 

dichlorobenzene as Not Likely to be Carcinogenic to Humans, and (5) aspects of EPA’s non-cancer 585 

assessment for acute, intermediate, and dermal exposure scenarios. The Agency notes that the non-586 

cancer PODs and conclusions in this TSD are generally consistent with prior hazard assessments (U.S. 587 

EPA, 2018; ATSDR, 2006) and EPA guidance, without application of any novel approaches. 588 
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589 

1 INTRODUCTION 590 

This draft TSD presents the draft human health and environmental hazard assessment in support of the 591 

Toxic Substances Control Act (TSCA) Draft Risk Evaluation for p-Dichlorobenzene (U.S. EPA, 2026k). 592 

Also referred to as the “draft risk evaluation,” it was conducted under the Frank R. Lautenberg Chemical 593 

Safety for the 21st Century Act, which amended TSCA on June 22, 2016. The amended law includes 594 

statutory requirements and deadlines for actions related to conducting risk evaluations of existing 595 

chemicals for their conditions of use (COUs) under TSCA.  596 
 597 
This document discusses both the human health and environmental hazard of p-dichlorobenzene. The 598 

draft risk evaluation will summarize the results of this TSD/assessment and integrate the results with the 599 

exposure estimates to produce quantitative and qualitative risk estimates for all TSCA COUs. An outline 600 

of subsequent sections within this assessment is provided below. 601 

 602 

Section 2 is the human health hazard assessment. Section 2.1 introduces the approach for this 603 

assessment, including how EPA performed systematic review and the problem formulation for the 604 

analysis. Section 2.2 presents the toxicokinetics of p-dichlorobenzene, which influence the target organ 605 

and mechanisms of toxicity. The non-cancer assessment is provided in Section 2.3, including a summary 606 

of the hazard database for critical health effects (Section 2.3.1), the dose-response assessment leading to 607 

derivation of points of departure (PODs; Section 2.3.2), and the weight of scientific evidence (Section 608 

2.3.3). The cancer hazard assessment in Section 2.4 includes a discussion of hazard identification and 609 

evidence integration in Section 2.4.1; genotoxicity in Section 2.4.2; MOA analysis and human relevancy 610 

in Sections 2.4.3 and 2.4.4, respectively; and cancer classification in Section 2.4.5. A discussion of the 611 

weight of scientific evidence for the cancer assessment of p-dichlorobenzene is presented in Section 612 

2.4.6. Lastly, Section 2.5 provides a description of how EPA considered aggregate exposures and 613 

potentially exposed and susceptible subpopulations (PESS) whereas Section 2.6 summarizes overall 614 

conclusions for the hazard assessment, including human health hazard values to be used for risk 615 

estimation. Several appendices provide additional technical details to support the above sections. 616 

 617 

The environmental hazard assessment is Section 3. The approach and methodology are described in 618 

Section 3.1; the hazards and weight of scientific evidence for aquatic species are discussed in Section 619 

3.2, and the terrestrial hazard and weight of scientific evidence are included in Section 3.3. Several 620 

appendices provide additional technical details to support the above sections.  621 
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2 HUMAN HEALTH HAZARD ASSESSMENT 622 

2.1 Hazard Assessment Approach and Methodology 623 

EPA’s Office of Pollution Prevention and Toxics (OPPT) utilized systematic review processes to search, 624 

screen, evaluate, extract, and integrate reasonably available information to make conclusions about 625 

relevant adverse health effects from p-dichlorobenzene exposure. Following evidence integration, EPA 626 

performed dose-response analysis to derive hazard values for use in risk characterization. These values 627 

are binned into one of the following four duration categories, to match the corresponding human 628 

exposure scenarios for risk estimation:  629 

• Acute (single dose or exposure to an air concentration for no more than 24 consecutive hours);  630 

• Intermediate (a repeated dosing ranging anywhere from a few days to less than 10% of lifetime, 631 

typically from short-term or subchronic studies); 632 

• Chronic non-cancer (repeated dosing covering greater than 10% of lifetime); and 633 

• Chronic/lifetime cancer (repeated dosing averaged over the relevant chronic period up to a full 634 

lifetime).  635 

The Agency then evaluated the weight of scientific evidence for each aspect of the assessment and 636 

determined overall confidence ratings for each critical hazard outcome. The generalized process for 637 

conducting human health assessments under TSCA is presented in Figure 2-1. 638 

 639 

 640 
Figure 2-1. EPA Approach to Hazard Identification, Evidence Integration, and Dose-Response 641 

Analysis for p-Dichlorobenzene 642 

 Systematic Review and Focus of Analysis 643 

The searching and screening steps of the systematic review process for p-dichlorobenzene generally 644 

followed the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical 645 

Substances, Version 1.0: A Generic TSCA Systematic Review Protocol with Chemical-Specific 646 

Methodologies (also called the “Draft Systematic Review Protocol”) (U.S. EPA, 2021) covering all 647 

reasonably available literature published through September 2019. In short, studies were screened using 648 

population, exposure, comparator, and outcome (PECO) criteria for relevance to the hazard assessment 649 

for p-dichlorobenzene, with studies that passed PECO screening further considered for data evaluation 650 
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and extraction. Results of PECO screening are provided for animal toxicology, epidemiology, and 651 

dermal absorption in Appendix L. 652 

 653 

Key studies for the non-cancer hazard assessment were primarily identified from the pool of high-654 

quality, guideline or guideline-like toxicity studies considered in EPA’s Office of Pollution Prevention 655 

(OPP) 2018 OPP risk assessment (U.S. EPA, 2018) developed as part of re-registration review. These 656 

included acute and subchronic neurotoxicity studies, two-generation reproductive toxicity studies, and 657 

several other systemic toxicity studies covering four species. As such, to address remaining data gaps, an 658 

updated literature search was performed in April 2025 and refined to prioritize cancer data. The updated 659 

and refined literature pool was screened using an updated PECO statement for in vivo information 660 

specific to cancer to support EPA’s cancer classification and MOA analysis. Based on this updated 661 

search, one additional epidemiological study (Pridgen et al., 2023) was identified as relevant to the 662 

cancer evaluation for p-dichlorobenzene. Additional details and will be described in the Draft Systematic 663 

Review Protocol for p-Dichlorobenzene, to be released with the draft risk evaluation package. 664 

 665 

In the systematic review of epidemiological studies, after screening using the PECO to define inclusion 666 

criteria, EPA adopted further filtering as a fit-for-purpose approach before studies undergo data 667 

evaluation and extraction. This increased the efficiency of the systematic review. The purpose was to 668 

filter out studies that include fewer than three exposure levels. If the epidemiological studies do not have 669 

more than two exposure levels in the exposure assessment, these studies would not be used 670 

quantitatively for POD derivation. As a result, though the studies that were filtered out do not have study 671 

quality ratings from data evaluation and extraction, they are discussed in the hazard identification 672 

section and contribute to the overall weight of scientific evidence for their respective health effects. In 673 

addition to the further filtering, the acute exposure case reports and case series were not evaluated for 674 

data quality because they were screened as “Supplemental” under the PECO screening criteria described 675 

in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). Epidemiological studies that were 676 

filtered out and did not undergo data evaluation and extraction are listed in Table_Apx L-1. Details of 677 

the further filtering criteria as well as the fit-for-purpose approach are described in the forthcoming 678 

Draft Systematic Review Protocol for o-Dichlorobenzene. For animal toxicology, all studies that passed 679 

PECO screening underwent data evaluation and extraction; supplemental and even some excluded 680 

studies were still discussed qualitatively where relevant. 681 

 682 

Previous governmental assessments, including the ATSDR Toxicological Profile for Dichlorobenzenes 683 

(ATSDR, 2006) and OPP’s Human Health Risk Assessment in Support of Registration Review (with 684 

2007/8 cancer assessment) (U.S. EPA, 2018)), were used for identifying key hazard outcomes and 685 

helping summarize the hazard database. EPA’s 2006 Integrated Risk Information System (IRIS) Draft 686 

Health Assessment of Dichlorobenzenes (U.S. EPA, 2006b) was also consulted for purposes of 687 

considering the database of available studies; however, as a draft document, it does not constitute an 688 

official Agency assessment. Additional existing assessments reviewed for additional aspects of the 689 

assessment (e.g., consideration of MOA and weight of scientific evidence conclusions) include the 690 

following: 691 

• 2000 Australia (NICNAS, 2000) 692 

• 2015 Texas (TCEQ, 2015) 693 

• 2025 Cal EPA (OEHHA, 2025). 694 

Independent systematic review was performed for all studies and outcomes. This draft hazard 695 

assessment builds on the hazard database and conclusions from these prior assessments, updated based 696 

on current EPA guidance, systematic review results, and in accordance with the best and reasonably 697 

available science. All hazard outcomes were within the scope of the assessment and based on 698 
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conclusions from these assessments. EPA identified the most well-supported hazard domains as critical 699 

health outcomes for considering endpoints to undergo dose-response analysis. These critical hazard 700 

outcomes are discussed below in Section 2.3.1. Other hazard outcomes that are less supported are 701 

summarized in Appendix B. 702 

 703 

Because of the use of p-dichlorobenzene as a pesticide and regulated under FIFRA, the database of 704 

laboratory animal studies is robust—with toxicology studies covering dermal, inhalation, and oral 705 

exposure routes across multiple lifestages, durations, and species including rats, mice, dogs, rabbits, and 706 

guinea pigs. For these studies, the OPPT has relied on both the original studies and existing Data 707 

Evaluation Records (DERs) that provide a detailed extraction of the methods and results. These studies 708 

were additionally reviewed using OPPT data evaluation procedures as described in the 2021 Draft 709 

Systematic Review Protocol (U.S. EPA, 2021); however, data extraction was not performed due to the 710 

existence of more detailed DERs. In addition, with the help of OPP to obtain the pesticide registration 711 

studies, OPPT has included the DERs for these studies along with the original studies in the HERO 712 

Database (accessed March 30, 2026). 713 

 714 

Full details on all evaluated health outcomes from all key studies are in Draft Data Extraction 715 

Information for Environmental Hazard and Human Health Hazard Animal Toxicology and 716 

Epidemiology for p-Dichlorobenzene (U.S. EPA, 2026e). Overall data quality determinations and 717 

metric-specific evaluations are provided in Draft Data Evaluation Information for Human Health 718 

Hazard Animal Toxicology for p-Dichlorobenzene (U.S. EPA, 2026f) and Draft Data Evaluation 719 

Information for Human Health Hazard Epidemiology for p-Dichlorobenzene (U.S. EPA, 2026g). 720 

Dermal absorption studies were evaluated for data quality in Data Quality Evaluation Information for 721 

Dermal Absorption for p-Dichlorobenzene (U.S. EPA, 2026a). 722 

 Transcriptomics Data and Analysis 723 

TSCA section 4(h)(1)(B) requires EPA to promote the development of alternative test methods that 724 

reduce or replace vertebrate animals provided the information is “of equivalent or better scientific 725 

quality and relevance for assessing risks of injury to health or the environment . . .” (TSCA section 726 

4(h)(1)(B) 15 U.S.C. § 2603(h)(1)(B)). Consistent with this mandate, EPA, on January 22, 2026, 727 

recommitted to phasing-out mammalian animal testing and further incorporating New Approach 728 

Methods (NAMs) into chemical risk evaluations (see footnote 1). This draft TSD furthers this 729 

commitment by providing mechanistic, human-relevant evidence, while advancing a rigorous, science-730 

based transition away from animal testing using a more rapid alternative method that limits the use of 731 

animals. These 5-day studies are consistent with the principles of the “3Rs” of animal testing: reduce, 732 

replace, and refine given that a fewer number of animals are used and their duration is much shorter. 733 

Moreover, these 5-day “omics” studies are a necessary bridge to validating approaches that can be used 734 

to phase out and replace traditional animal studies by providing a link between the traditional in vivo 735 

studies and the modern mechanistic ones. 736 

 737 

Transcriptomics has been proposed as an alternative method to help fill data gaps for human health 738 

assessments of chemicals by providing key data on potential molecular initiating events, MOA, and 739 

POD estimates. Within the context of toxicology, transcriptomics is an experimental method that 740 

measures changes in gene expression in response to chemical exposure and may provide a powerful line 741 

of evidence for relating exposure to possible adverse health effects. In 2023, EPA’s OPPT requested 742 

NIEHS to conduct 5-day -omics studies for o- and p-dichlorobenzene for use in forthcoming TSCA risk 743 

evaluations (NIEHS, 2025a, b). Since that time, EPA and NIEHS have worked collaboratively to 744 

develop these data. This draft TSD describes EPA’s proposed approach for analyzing and interpreting 745 

these transcriptomics data in the draft Hazard TSD for p-dichlorobenzene (U.S. EPA, 2026h).  746 
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2.2 Toxicokinetics and Physiologically Based Pharmacokinetic (PBPK) 747 

Models 748 

The below sections are primarily based on previously summarized conclusions as previously described 749 

by ATSDR and EPA (ATSDR, 2006; U.S. EPA, 2006a) supplemented by additional independent review 750 

and analysis for this assessment. There were very few studies published after these assessments with 751 

relevant information to inform the toxicokinetics of p-dichlorobenzene as identified through EPA’s 752 

systematic review process; results of PECO screening are presented in Appendix L.1. 753 

 Absorption  754 

Oral 755 

No data are available to evaluate oral absorption of p-dichlorobenzene in humans.  756 

 757 

Results of animal studies suggest rapid and extensive absorption of p-dichlorobenzene from the 758 

gastrointestinal tract. Peak blood levels were measured 4 to 24 hours after a single gavage dose of p-759 

dichlorobenzene in rats and up to 80% of the administered dose was recovered in the urine within 72 760 

hours (Hissink et al., 1997a; Hissink et al., 1996). Qualitative evidence of gastrointestinal absorption in 761 

orally dosed rats, mice, and rabbits is available from studies that measured concentrations of p-762 

dichlorobenzene and/or its metabolites in blood, internal organs, or urine (Bomhard et al., 1998; Hissink 763 

et al., 1997a; Klos and Dekant, 1994; Charbonneau et al., 1989; Hawkins et al., 1980; Kimura et al., 764 

1979; Azouz et al., 1955). Therefore, p-dichlorobenzene is well-absorbed from the gastrointestinal tract 765 

following oral exposures. 766 

 767 

Inhalation 768 

Mean pulmonary retention was 56% in male volunteers exposed to 2.5 ppm p-dichlorobenzene for 1 769 

hour (Yoshida et al., 2002). Inhalation absorption in humans was also suggested by studies that 770 

measured urinary concentrations of p-dichlorobenzene or its metabolites in occupationally exposed 771 

workers (ATSDR, 2006; U.S. EPA, 2006a; Ghittori et al., 1985; Pagnotto and Walkley, 1965). 772 

 773 

Absorption via the inhalation route appears to be rapid, with peak plasma concentrations measured 774 

within 1 hour in rats (Hawkins et al., 1980). No quantitative data were available on the extent of 775 

inhalation absorption in laboratory animals. Qualitative evidence of respiratory absorption of p-776 

dichlorobenzene in experimental animals is available from studies that measured concentrations of p-777 

dichlorobenzene and/or its metabolites in blood, internal organs, and/or urine (ATSDR, 2006; U.S. EPA, 778 

2006a; Umemura et al., 1990; Umemura et al., 1989; Hawkins et al., 1980). 779 

 780 

Dermal 781 

There is limited available information concerning p-dichlorobenzene dermal absorption. Dermal 782 

absorption is expected to be relatively low under non-occluded conditions due to it being relatively 783 

volatile (vapor pressure = 1.00 mm Hg (U.S. EPA, 2026i; Liu and Dickhut, 1994). In Part E of the Risk 784 

Assessment Guidance for Superfund Volume I (U.S. EPA, 2004), the permeability coefficient (Kp) in 785 

cm/h for p-dichlorobenzene dissolved in water is estimated using an equation based on the logKOW and 786 

molecular weight of a given chemical. The equation was derived based on fit to an experimental 787 

database of in vitro absorption data on human skin for about 90 chemicals. Based on this equation, the 788 

predicted Kp for p-dichlorobenzene is 4.2×10−2 cm/h. Empirical data from an in vitro absorption study 789 

on human skin under occluded conditions to minimize evaporation of the test substance reported a 790 

significantly lower Kp of 1.31×10−4 cm/h for an approximately 10% concentration of p-dichlorobenzene 791 

in the organic solvent isopropyl myristate (corresponding to a steady-state permeability/flux rate of 12.8 792 
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µg/cm2-h) (CPA, 2005). This suggests that an aqueous formulation may promote increased absorption of 793 

p-dichlorobenzene. 794 

 795 

That same study also demonstrated that dermal absorption/permeation is increased shortly after initial 796 

exposure with an elevated flux of 15.3 µg/cm2-h (Kp = 1.55×10−4 cm/h) over the first hour of the 797 

experiment and 36.9 µg/cm2-h (Kp = 3.75×10−4 cm/h) after only 10 minutes of exposure. Percent 798 

absorption at 30 hours was calculated as 4.67%, though the amount loaded meets the definition of an 799 

“infinite dose”2 (i.e., applicable to flux approach) where fractional absorption is not appropriate (OECD, 800 

2004). These values will be used for risk estimation of “nondepletable” doses where humans are 801 

exposed to an article or large volume of media containing p-dichlorobenzene for a limited period of 802 

time, over which the amount of p-dichlorobenzene available for absorption would not measurably 803 

change (e.g., a block of air freshener).  804 

 805 

EPA also obtained in vitro dermal absorption data from a Test Order to more broadly characterize the 806 

range of absorption values across exposure scenarios covering varying formulations, concentrations, 807 

duration, and amount of dermal loading (Charles River Laboratories, 2025). This study utilized a series 808 

of “finite loading”2 (i.e., applicable for fractional absorption approach) conditions where the percentage 809 

or fractional absorption could be measured in a non-occluded scenario to better mimic real-world 810 

exposures. For “neat” solid p-dichlorobenzene powder, potential absorption ranged from approximately 811 

2-4% (higher for the sample with reduced loading) with the majority of applied dose evaporated, though 812 

this value is approximate as the loading was calculated based on a “representative” sample – neat p-813 

dichlorobenzene was dissolved in acetone to ensure even loading and the amount of chemical remaining 814 

on the skin after evaporation was calculated from this distinct sample. For p-dichlorobenzene dissolved 815 

in one of two organic solvents, the concentration did not have much impact as absorption was 816 

approximately 2% in heavy naptha for 1%, 10%, or 40% p-dichlorobenzene concentrations and 817 

absorption was 1% or less across all concentrations up to 50% in isopropyl myristate. See EPA’s review 818 

of the Test Order study report in Appendix G and (https://www.regulations.gov/docket/EPA-HQ-OPPT-819 

2018-0446) for more details on the study results and EPA’s interpretation. For use in risk estimation, an 820 

estimate of 4% absorption will be applied to neat finite scenarios or any formulation with a 821 

concentration exceeding 50%, while 2% absorption will be applied to finite concentrations under 50%.  822 

 823 

Both studies were evaluated for data quality in Data Quality Evaluation Information for Dermal 824 

Absorption for p-Dichlorobenzene (U.S. EPA, 2026a). For comparison, EPA also modeled dermal 825 

absorption using the IHSkinPerm Model (accessed March 19, 2026). This model has several parameter 826 

options and variables, but for the model of deposition over 8 hours and observed for 24 hours (matching 827 

the test order parameters) at the default dermal rate of 1 mg/cm2/h for 1,000 cm2 surface area, the 828 

fractional absorption for neat (100%) p-dichlorobenzene is 4.09% (essentially identical to the empirical 829 

result). This further supports the validity of the Test Order results for use in risk assessment. 830 

 Distribution 831 

Oral, Inhalation  832 

In studies of the general population, p-dichlorobenzene has been detected in breast milk and adipose 833 

tissues (ATSDR, 2006; Jan, 1983; Morita and Ohi, 1975; Morita et al., 1975). 834 

 835 

 
2 Finite exposure scenarios involve a thin layer of chemical loaded onto the skin such that a measurable fraction can be 

absorbed over a given period of time. Fractional or percentage absorption estimates apply to these scenarios. 

Infinite exposure scenarios involve a non-depletable dose such that the total dose available is more than could ever be 

absorbed in a given period of time. Permeability or flux rate estimates per exposure time apply to these scenarios. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978648
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151510
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151510
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12392282
https://www.regulations.gov/docket/EPA-HQ-OPPT-2018-0446
https://www.regulations.gov/docket/EPA-HQ-OPPT-2018-0446
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363474
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/IH_SkinPerm_Manual_May_2017.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160103
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1946479
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2200352
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5237804


PUBLIC RELEASE DRAFT 

April 2026 

Page 21 of 194 

In rats exposed to p-dichlorobenzene via the oral or inhalation routes, p-dichlorobenzene and/or its 836 

metabolites were distributed throughout the body, with the highest levels generally detected in adipose 837 

tissue followed by kidney and liver, blood, and other tissues (ATSDR, 2006; U.S. EPA, 2006a; 838 

Bomhard et al., 1998; Klos and Dekant, 1994; Umemura et al., 1990; Charbonneau et al., 1989; 839 

Umemura et al., 1989; Hawkins et al., 1980; Kimura et al., 1979). Peak plasma and tissue p-840 

dichlorobenzene concentrations were reached within 24 hours of gavage dosing, 3 days of dietary 841 

dosing, and several hours of inhalation exposures, followed by rapid declines to low levels detectable 842 

within 24 hours of exposure cessation regardless of route, indicating no long-term biological storage 843 

potential (Bomhard et al., 1998; Umemura et al., 1990; Hawkins et al., 1980). Fat concentrations were 844 

generally higher following inhalation exposure, reflecting a lack of first-pass metabolism, which occurs 845 

following oral dosing (Hawkins et al., 1980). In a study comparing tissue distribution by sex following 846 

inhalation exposure to p-dichlorobenzene, serum concentrations were similar in males and females, 847 

whereas liver levels were higher in females and kidney levels were higher in males (Umemura et al., 848 

1990). 849 

 850 

A series of studies demonstrate that there is approximately a 10:1 ratio of inhaled p-dichlorobenzene in 851 

air (units of µg/m3) compared to blood (units of ng/ml) (Jia et al., 2012; Lin et al., 2008; Sexton et al., 852 

2005). One study also calculated the ratio in the same units of mg/L, with a ratio of 122 and 77.3 based 853 

on mean vs. median estimates (Jia et al., 2012). This suggests that approximately 1% of inhalation 854 

exposure makes it unmodified to systemic circulation. 855 

 Metabolism 856 

The primary metabolic pathways (see Figure 2-2) for p-dichlorobenzene, elucidated from in vitro 857 

studies, rat and human liver slice studies, and in vivo studies in mice and rats, include cytochrome P450 858 

(CYP) oxidation to form epoxides, nonenzymatic cleavage of the epoxide resulting in dichlorophenols 859 

(principally 2,5-dichlorophenol [DCP]), and conjugation of dichlorophenols with sulfate, glucuronide, or 860 

glutathione (GSH) or further oxidation to catechols and benzoquinones. CYP-mediated oxidation is 861 

required to produce reactive metabolites and subsequent toxicity (Nedelcheva et al., 1998; Hissink et al., 862 

1997b; Mizutani et al., 1994; Lattanzi et al., 1989), and these reactions are largely catalyzed by the 863 

CYP2E1 isozyme with limited contributions from other isozymes (Nedelcheva et al., 1998; Hissink et 864 

al., 1997a; Hissink et al., 1997b; Bogaards et al., 1995). However, pretreatment with phenobarbital (PB), 865 

the prototypic constitutive androstane receptor (CAR) activator (Yamada et al., 2025), in rats prior to 866 

microsomal preparation, increases the metabolic conversion of p-dichlorobenzene and formation of 867 

reactive metabolites (Hissink et al., 1997b), suggesting a role for CYP2B isozymes in p-dichlorobenzene 868 

metabolism. GSH conjugation is an important method of neutralizing reactive metabolite formation in 869 

rats and mice as demonstrated by significantly increased p-dichlorobenzene hepatotoxicity following 870 

GSH depletion (Mizutani et al., 1994; Stine et al., 1991). The reactive metabolites of p-dichlorobenzene 871 

covalently bind to proteins and DNA. 872 

  873 

Total metabolic conversion, which drives reactive metabolites formation, was subsequently highest in 874 

mice, followed by Fischer 344 and Wistar rats, Sprague-Dawley rats (SD), and humans (Hissink et al., 875 

1997b). Depending on the species and strain, the reactive metabolites include epoxides and 876 

benzoquinones. 877 
 878 
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 879 

Figure 2-2. Proposed Metabolic Scheme for p-Dichlorobenzene  880 
DCB = dichlorobenzene; DCP = dichlorophenol; DCHQ = dichlorohydroquinone; DCBQ = 881 
dichlorobenzoquinone; DCGHQ = dichloroglutathionylhydroquinone; CBQ = chlorobenzoquinone; DCC = 882 
dichlorocatechol; GSH = glutathione; SG = glutathione-S-yl-metabolite. Brackets indicate a postulated reactive 883 
metabolite. Adapted and updated from Muller (2002). 884 
 885 

Human  886 

In vitro studies using human liver microsomes demonstrated oxidative metabolism of p-dichlorobenzene 887 

by CYP, particularly CYP2E1 with minor amounts metabolized by CYP1A2 (Nedelcheva et al., 1998; 888 

Hissink et al., 1997b; Hissink et al., 1996; Bogaards et al., 1995). CYP2E1 inhibitor pretreatment of 889 

human hepatic microsomes decreased the degree of p-dichlorobenzene metabolism (Nedelcheva et al., 890 

1998); p-dichlorobenzene metabolism also decreased following pretreatment with a CYP3A inhibitor 891 

but to a lesser degree. Human microsomal metabolism of p-dichlorobenzene produced 2,5-DCP (66.2% 892 

of metabolism) and 2,5-dichlorohydroquinone (DCHQ) (16.8% of metabolism) (Hissink et al., 1997b). 893 

Addition of ascorbic acid in microsomal incubations with p-dichlorobenzene slightly reduced covalent 894 

binding of p-dichlorobenzene metabolites to human microsomal proteins and produced a corresponding 895 

increase in 2,5-DCHQ concentrations (Hissink et al., 1997b). Inclusion of GSH in the microsomal 896 

incubations with p-dichlorobenzene completely prevented detectable levels of covalent binding by p-897 

dichlorobenzene metabolites with corresponding increases in glutathione (GS)-epoxide and GS-quinone 898 

conjugates, suggesting that the reactive compounds bound to microsomal proteins are mostly epoxides 899 

with some dichlorobenzoquinone (DCBQ). 900 

 901 

In cultured liver slice studies, total metabolism of [14C]-p-dichlorobenzene by adult humans (13,414 902 

disintegrations per minute/mg protein) was greater than total metabolism by fetal humans (7,764 903 
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DPM/mg protein), though the degree of covalent binding (6.1% of total metabolism) was the same 904 

(Fisher et al., 1991b). GSH/cysteine conjugates represented the majority of p-dichlorobenzene 905 

metabolites produced by adult (54.4%) and fetal (62.52%) human liver slices (Fisher et al., 1995; Fisher 906 

et al., 1991b). The degree of sulfate (21.8%) and glucuronide (24.8%) conjugation was roughly 907 

equivalent for adult human liver slices, while the amount of sulfate conjugation (26.7%) was greater 908 

than glucuronide conjugation (10.8%) in fetal human liver slices. Pretreatment of human liver slices 909 

with broad spectrum CYP inhibitors prior to p-dichlorobenzene exposure did not diminish p-910 

dichlorobenzene-induced hepatotoxicity (Fisher et al., 1991a). This result suggests that the effects of p-911 

dichlorobenzene on liver slices could be independent of CYP metabolism or, alternatively, that the 912 

specific inhibitors used, 2-diethylaminoethyl-2,2-diphenylvalerate hydrochloride (SKF 525-A) and 913 

metyrapone, are not specific or potent inhibitors of human CYP2E1. Put another way, the broad-914 

spectrum inhibitors used in the study may be affecting CYPs that do not preferentially metabolize p-915 

dichlorobenzene. Notably, p-dichlorobenzene metabolism by human CYP2B1 and CYP2B2 isozymes 916 

has not been evaluated in the available studies (Nedelcheva et al., 1998; Hissink et al., 1997b; Bogaards 917 

et al., 1995).  918 

 919 

The primary p-dichlorobenzene metabolite, 2,5-DCP, was measured in the urine of humans exposed to 920 

p-dichlorobenzene via inhalation (Yoshida et al., 2002; Pagnotto and Walkley, 1965). 921 

 922 

Rat 923 

The role of CYP in rat p-dichlorobenzene metabolism is supported by the observed increase in covalent 924 

binding to microsomal proteins using microsomes from animals pre-treated with CYP inducers (Hissink 925 

et al., 1997b; den Besten et al., 1992). CYP inhibitor pretreatment of rat hepatic microsomes attenuated 926 

the covalent binding of p-dichlorobenzene metabolites to DNA or proteins (Nedelcheva et al., 1998; 927 

Lattanzi et al., 1989), indicating that CYP-mediating oxidation is required to generate reactive 928 

metabolites of p-dichlorobenzene in rats. CYP-mediated metabolism of p-dichlorobenzene in 929 

microsomes produces 2,4-DCP, 2,5-DCP, 2,5-DCHQ, and 3,5-DCC in addition to GSH-epoxide 930 

conjugates (Hissink et al., 1997b; den Besten et al., 1992). 2,4-DCP accounted for only 5 to 10% of the 931 

total DCP produced by rat liver microsomes, suggesting that this is a relatively minor metabolite (den 932 

Besten et al., 1992). The initial products of CYP oxidation of p-dichlorobenzene are epoxides, which are 933 

hydrolyzed non-enzymatically to dichlorophenols (Hissink et al., 1997b; den Besten et al., 1992). 934 

 935 

Addition of GSH to microsomal incubations decreased the amount of covalent binding of p-936 

dichlorobenzene metabolites to microsomal proteins in rats, with corresponding increases in the amount 937 

of GSH-epoxide and GSH-quinone conjugates formed (Hissink et al., 1997b). The inclusion of ascorbic 938 

acid in microsomal incubations with p-dichlorobenzene reduced covalent binding of p-dichlorobenzene 939 

metabolites to microsomal proteins in rat fractions and increased 2,5-DCHQ concentrations (Hissink et 940 

al., 1997b; den Besten et al., 1992), suggesting that the reactive compound bound to microsomal 941 

proteins is a DCBQ. Pretreatment of Wistar rats with PB prior to microsome preparation increased the 942 

total conversion of p-dichlorobenzene, the degree of covalent binding, and the amount of 2,5-DCHQ and 943 

GS-quinone conjugates produced (Hissink et al., 1997b). PB pretreatment did not increase the amount of 944 

GS-epoxide conjugates formed. Further, addition of ascorbic acid to microsomes from PB-pretreated 945 

rats increased the amount of 2,5-DCHQ over the non-pretreated controls, and addition of GSH produced 946 

less GS-epoxide conjugates and more GS-quinone conjugates relative to the non-pretreated controls. 947 

These findings indicate that CYP2B isozymes are involved in the oxidation of 2,5-DCP to 2,5-DCHQ in 948 

rats. 949 

 950 

In cultured rat liver slice studies, GSH/cysteine conjugates represented the majority of p-951 

dichlorobenzene metabolites (Fisher et al., 1995; Fisher et al., 1991b). The amount of sulfate 952 
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conjugation was greater than glucuronide conjugation in SD and Fischer-344 rat liver slices. PB 953 

pretreatment did not significantly increase p-dichlorobenzene-induced toxicity in SD rat liver slices 954 

(Fisher et al., 1990), suggesting a limited role for CYP2B in the metabolism of p-dichlorobenzene in this 955 

model system. 956 

 957 

After oral exposures of rats to p-dichlorobenzene, the majority of urinary metabolites consist of sulfate 958 

(major) and glucuronide (minor) 2,5-DCP conjugates, with smaller amounts of free 2,5-DCP; the 959 

mercapturic acids, N-acetyl-cysteine-S-dihydro-hydroxy-1,4-dichlorobenzene and N-acetyl-cysteine-S-960 

1,4-dichlorobenzene; dihydroxydichlorobenzene (a possible 2,5-dichloroquinol conjugate); 2,5-DCHQ; 961 

2,5-dichlorophenyl methyl sulfoxide; and 2,5-dichlorophenyl methyl sulfone (Bomhard et al., 1998; 962 

Hissink et al., 1997a; Klos and Dekant, 1994; Hawkins et al., 1980; Kimura et al., 1979). As the p-963 

dichlorobenzene dose increased, the urinary excretion of sulfate conjugates decreased while glucuronide 964 

conjugate excretion increased (Hissink et al., 1997a). Pretreatment of male rats with a CYP2E1 inducer 965 

prior to oral dosing with p-dichlorobenzene increased the rate and degree of urinary elimination for p-966 

dichlorobenzene metabolites compared to the non-induced state (Hissink et al., 1997a), indicating that 967 

this CYP isozyme is involved in in vivo metabolism of p-dichlorobenzene in rats. CYP2E1 induction 968 

decreased the amount of free 2,5-DCP and increased the amount of 2,5-DCP conjugates in the urine. In 969 

rats exposed to p-dichlorobenzene for up to 76 weeks via whole-body inhalation, 2,5-DCP was 970 

measured in the blood (Bomhard et al., 1998). Urinary metabolites of p-dichlorobenzene following 971 

inhalation exposure include 2,5-DCP sulfate conjugates with lesser amounts of glucuronide and minor 972 

amounts of free 2,5-DCP, a mercapturic acid, and dihydroxydichlorobenzene, a possible 2,5-973 

dichloroquinol conjugate (Hawkins et al., 1980).  974 

 975 

Oral dosing of rats with p-dichlorobenzene increased hepatic microsomal CYP content and 7-976 

pentoxyresorufin O-depentylase (PROD), ethoxyresorufin O-deethylase (EROD), and erythromycin N-977 

demethylase activities, with corresponding increases in CYP2B1/2 and CYP3A protein levels (Lake et 978 

al., 1997). Hepatic 7-ethoxycoumarin deethylase (ECOD), EROD, aldrin epoxidase (ALD), epoxide 979 

hydrolase (EH), glutathione S-transferase (GST), and UDP-glucuronyltransferase (UGT) activities and 980 

renal ECOD activity increased in rats orally dosed with p-dichlorobenzene (Bomhard et al., 1998). 981 

 982 

Mouse 983 

Metabolism of p-dichlorobenzene by male mouse hepatic microsomes produced 3-fold more soluble 984 

metabolites than metabolism by hepatic microsomes isolated from female mice (Nedelcheva et al., 985 

1998). CYP inhibitor pretreatment of mouse hepatic microsomes attenuated the covalent binding of p-986 

dichlorobenzene metabolites to DNA (Lattanzi et al., 1989), indicating that CYP-mediated oxidation is 987 

required to generate reactive metabolites of p-dichlorobenzene in mice. Pretreatment with benzene, a 988 

CYP2E1 inducer, increased the amount of soluble metabolites formed by male and female mouse 989 

microsomes, while pregnenolone 16α-carbonitrile (PCN), a CYP3A inducer, decreased the amount of 990 

soluble metabolites formed by microsomes isolated from both sexes (Nedelcheva et al., 1998).  991 

 992 

Products of mouse microsomal p-dichlorobenzene metabolism were 2,5-DCP, 2,5-DCHQ, and GS-993 

quinone conjugates, which accounted for 50.5, 16.1, and 3% of p-dichlorobenzene conversion, 994 

respectively (Hissink et al., 1997b). The initial products of CYP oxidation of p-dichlorobenzene are 995 

epoxides, which are hydrolyzed non-enzymatically to dichlorophenols. Further metabolism results in the 996 

formation of reactive metabolites mostly consisting of 2,5-DCBQ. The degree of covalent binding by p-997 

dichlorobenzene metabolites, expressed as percent of total p-dichlorobenzene metabolic conversion, was 998 

20.9% in control microsomes. Following addition of ascorbic acid or GSH, the covalent binding 999 

decreased to 1.7 and 2.0%, respectively, while combined addition of ascorbic acid and GSH decreased 1000 

covalent binding further to 0.5%. Increases in the levels of 2,5-DCHQ and GS-quinone conjugates were 1001 
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observed following addition of ascorbic acid and GSH, respectively, with corresponding decreases in 1002 

2,5-DCP in each case. No significant increase in GS-epoxide conjugates were observed in mouse 1003 

microsomes. These results indicate that the reactive metabolites formed by mouse microsomal 1004 

metabolism of p-dichlorobenzene are benzoquinones. 1005 

 1006 

Pretreatment of mice with the GSH synthesis inhibitor, DL-buthionine sulfoximine (BSO), increased the 1007 

hepatotoxicity of p-dichlorobenzene, while pretreatment with GSH monoethyl ester, which increases 1008 

tissue GSH levels, attenuated the hepatotoxicity of p-dichlorobenzene + BSO (Mizutani et al., 1994). 1009 

These findings demonstrate the importance of GSH conjugation as a detoxification pathway of p-1010 

dichlorobenzene in mice. In the same study, pretreatment of mice with CYP inhibitors or CYP inducers 1011 

also decreased the hepatotoxicity of p-dichlorobenzene +BSO. The specific CYP inducers used in this 1012 

study, PB, polychlorinated biphenyls (PCB), and β-naphthoflavone (β-NF), do not appreciably induce 1013 

the CYP2E1 isozyme, and the reduced hepatotoxicity may be due to a decreased relative amount of 1014 

hepatic CYP2E1 isozyme and, consequently, decreased p-dichlorobenzene metabolism to reactive 1015 

metabolites. Oral dosing of mice with p-dichlorobenzene increased hepatic microsomal CYP content 1016 

and PROD, EROD, and erythromycin N-demethylase activities, with corresponding increases in 1017 

CYP2B1/2 protein levels, but not CYP3A protein levels (Lake et al., 1997). Other studies have found 1018 

that p-dichlorobenzene (and PB) strongly activates CYP2B10 in mice [(Rooney et al., 2019; Pouché et 1019 

al., 2017; Henderson et al., 2015b; Eichner et al., 2013) and GSE68364 and GSE60684]. Genes for 1020 

CYP2B10 and CYP2C55 were among those upregulated in response to p-dichlorobenzene (and two 1021 

other nongenotoxic liver carcinogens) (Eichner et al., 2013).  1022 

 1023 

Importantly, even for the model liver carcinogen and CAR-activator PB, a comprehensive analysis of 1024 

altered CYP gene expression in the mouse liver has not been carried out (Rooney et al., 2019). Several 1025 

of these gene expression and animal studies have identified other CYP isozymes in mice (2C55, 2C50, 1026 

2C65, 2B9, 2B13) and under different conditions, including in the absence of CAR or absence of 1027 

specific CYPs (CYP2B9/10/13) ((Rooney et al., 2019; Kumar et al., 2017; Pouché et al., 2017; 1028 

Henderson et al., 2015b; Kossler et al., 2015; Eichner et al., 2013); GSE68364 and GSE60684). These 1029 

findings highlight the potential time-dependence and overlapping activities of CYP isoforms in response 1030 

to xenobiotics and the inability to disentangle the activity of a single CYP isoform in xenobiotic 1031 

transformation/detoxification in the absence of evidence from a knock-out mouse model or CYP-1032 

specific inhibitor. Therefore, the specific CYP enzymes driving the secondary and tertiary steps of p-1033 

dichlorobenzene metabolism leading to quinone formation are unknown (Figure 2-2). 1034 

 1035 

Species Comparisons 1036 

Species differences in p-dichlorobenzene metabolism have been identified. In a cultured liver slice 1037 

study, human liver slices had a larger amount of glucuronide (24.8 vs. 1.9%) and sulfate (21.8 vs. 1038 

10.3%) conjugate metabolites of p-dichlorobenzene than rat liver slices (Fisher et al., 1991b). 1039 

Pretreatment with benzene, a CYP2E1 inducer, did not affect p-dichlorobenzene metabolism in rat 1040 

microsomes while it decreased the amount of soluble metabolites formed by male mouse microsomes 1041 

(Nedelcheva et al., 1998). In a microsome study, B6C3F1 mice had the highest metabolic conversion of 1042 

p-dichlorobenzene (expressed as a percentage of total reactivity) at 15 to 17% compared to 1.1 to 1.4% 1043 

for Fischer 344 and Wistar rats, 0.6% for SD rats, and 0.3% for humans (Hissink et al., 1997b). The 1044 

higher metabolic conversion by mouse microsomes correlated with a higher degree of covalent binding 1045 

of p-dichlorobenzene metabolites to microsomal protein (20.9% compared to 6.8-10.1% for rats and 1046 

5.8% for humans). It should be noted that the CYP content (expressed as nmol/mg protein) in this study 1047 

was highest in mice (0.84) compared to rats (0.62–0.74) and humans (0.49), and a total concentration of 1048 

1 mg microsomes/mL was used for the incubations; this variance in CYP content could account for 1049 

some of the differences in p-dichlorobenzene metabolism and subsequent covalent binding of 1050 
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metabolites observed. In vivo binding of p-dichlorobenzene metabolites to hepatic DNA, RNA, and 1051 

protein was greater in mice than rats (Lattanzi et al., 1989).  1052 

 1053 

Results of incubations with GSH and/or ascorbic acid indicate that microsomal metabolism of p-1054 

dichlorobenzene produces mostly benzoquinone metabolites in mouse microsomes, epoxide metabolites 1055 

in human microsomes, and a mixture of benzoquinone and epoxide metabolites in rats microsomes 1056 

(Hissink et al., 1997b). Quinones have been demonstrated to have an inverse U-shaped dose response 1057 

curve (Bolton and Dunlap, 2017; Kensler and Wakabayashi, 2010) through opposing effects of toxicity 1058 

versus cytoprotection in biological systems. Oxidizable diphenols can induce the cytoprotective 1059 

Keap1/Nrf-2/ARE pathway (Bolton and Dunlap, 2017; Dinkova-Kostova and Wang, 2011). In vivo, 1060 

GSH conjugation has been shown to attenuate the hepatotoxicity of p-dichlorobenzene in mice 1061 

(Mizutani et al., 1994) and rats (Stine et al., 1991). However, in vitro GSH conjugation of p-1062 

dichlorobenzene epoxides has been shown to occur nonenzymatically in rats and to be catalyzed by 1063 

GSTs in humans and mice (Hissink et al., 1997b).  1064 

 1065 

CYP2E1 is an important enzyme for p-dichlorobenzene metabolism in humans (Nedelcheva et al., 1998; 1066 

Hissink et al., 1997b; Hissink et al., 1996; Bogaards et al., 1995), rats (Hissink et al., 1997a), and mice 1067 

(Nedelcheva et al., 1998), but species differences have been identified for metabolism by CYP2B 1068 

isozymes. Oral p-dichlorobenzene exposure increased the CYP2B1/2 protein expression in mice and rats 1069 

(Lake et al., 1997), suggesting that p-dichlorobenzene can activate CAR similar to phenobarbital (PB) 1070 

(Yamada et al., 2025). PB pretreatment, which induces CYP2B isozymes, did not significantly affect the 1071 

toxicity of p-dichlorobenzene in rats (Stine et al., 1991) or rat liver slices (Fisher et al., 1990), while it 1072 

suppressed p-dichlorobenzene-induced hepatotoxicity in mice (Mizutani et al., 1994). DNA binding of 1073 

p-dichlorobenzene metabolites was not altered by PB pretreatment in mice (data not provided, no results 1074 

presented for rats) (Lattanzi et al., 1989). In a hepatic microsomal incubation study, pretreatment of rats 1075 

with PB increased the amount of in vitro covalent binding of p-dichlorobenzene metabolites to DNA 1076 

(80.23 vs. 4.99 pmol/mg DNA), but no significant increase in DNA binding was observed following PB 1077 

pretreatment for mice (80.80 vs. 75.33 pmol/mg DNA)(Lattanzi et al., 1989). Increases in protein 1078 

binding of p-dichlorobenzene metabolites were observed for rat microsomes following PB pretreatment 1079 

(Hissink et al., 1997b; den Besten et al., 1992); no data are available to evaluate the effect of PB 1080 

pretreatment on protein binding of p-dichlorobenzene metabolites formed by mouse microsomes. In 1081 

contrast, several studies provide at least indirect evidence that p-dichlorobenzene activates CYP2B 1082 

isozymes in mice [(Rooney et al., 2019; Pouché et al., 2017; Henderson et al., 2015b; Eichner et al., 1083 

2013; Lake et al., 1997) and GSE68364 and GSE60684]. These results suggest that secondary oxidation 1084 

of 2,5-DCP by CYP2B might be an important process determining p-dichlorobenzene toxicity in rats 1085 

while there is less consistent evidence supporting its role in mice. 1086 

 1087 

Differences in p-dichlorobenzene metabolism across species are summarized in Table 2-1.  1088 
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Table 2-1. Species Comparison of Metabolism Data for p-Dichlorobenzene 1089 

Species Human Rat Mouse 

Primary CYPs CYP2E1 CYP2E1 + CYP2B CYP2E1+CYP2B 

Epoxide formation 2,3-Epoxide 1,2-Epoxide, 2,3-epoxide 2,3-Epoxide 

Major phenols 2,5-Dichlorophenol 2,5-Dichlorophenol 2,5-Dichlorophenol 

Products of secondary 

oxidation 

Hydroquinones/ 

benzoquinones 

Hydrocatechols, 

hydroquinones/ 

benzoquinones 

Hydroquinones/ 

benzoquinones 

Conjugation Sulfate, glucuronide, 

glutathione 

Sulfate, glucuronide, 

glutathione 

Sulfate, glucuronide, 

glutathione 

Reactive metabolites 

(as a function of 

covalent binding) 

Epoxides >> 

benzoquinones  

Epoxides > 

benzoquinones  

Benzoquinones >> 

epoxides 

Overall conversion Lowest Intermediate Highest 

 1090 

Based on their review of the literature, Muller (2002) concluded that mice metabolize more of a given p-1091 

dichlorobenzene dose to reactive metabolites, specifically 2,5-DCHQ and 2,5-DCBQ, than either rats or 1092 

humans. These reactive metabolites may act as tumor promotors via induction of oxidative stress, and 1093 

the increased formation of these metabolites in mice may explain the differential hepatic tumorigenesis 1094 

observed between mice and rats exposed to p-dichlorobenzene (moderate-to-robust et al., 2005b; NTP, 1095 

1985). 1096 

 Elimination 1097 

Oral, Inhalation 1098 

p-Dichlorobenzene or its metabolite, 2,5-dichloropehenol, have been detected in the urine of humans 1099 

exposed to p-dichlorobenzene via inhalation (Yoshida et al., 2002; Ghittori et al., 1985; Pagnotto and 1100 

Walkley, 1965), indicating urinary excretion for p-dichlorobenzene. 1101 

 1102 

Following oral or inhalation exposure of rats to [14C]-p-dichlorobenzene, most of the radioactivity is 1103 

excreted within 72 hours of exposure cessation, with the majority (≥80%) of the radiolabel recovered in 1104 

the urine, minor amounts recovered in feces (≤5%), and minimal amounts detected in exhaled air 1105 

(≤0.2%) (Hissink et al., 1997a; Hissink et al., 1996; Klos and Dekant, 1994; Hawkins et al., 1980). The 1106 

major urinary elimination products were 2,5-DCP and its sulfate and glucuronide conjugates (Hissink et 1107 

al., 1997a; Hissink et al., 1996; Klos and Dekant, 1994; Hawkins et al., 1980) but inhaled p-1108 

dichlorobenzene has also been found to be excreted unmodified in urine (Wang et al., 2007; Hawkins et 1109 

al., 1980; Azouz et al., 1955). 1110 

 1111 

After single gavage dosing of bile duct-cannulated rats with [14C]-p-dichlorobenzene, less than or equal 1112 

to 63% of the radiolabel was measured in the bile but only less than or equal to 5% of the radiolabel was 1113 

detected in the feces, indicating significant enterohepatic circulation (Hissink et al., 1997a; Hawkins et 1114 

al., 1980). Biliary excretion was dose-related and the primary metabolite identified in bile was 1115 

glucuronide conjugate of 2,5-DCP (Hissink et al., 1997a). 1116 

 PBPK Modeling Approach 1117 

A limited PBPK model was developed for p-dichlorobenzene. This model describes the hepatic 1118 

metabolism of p-dichlorobenzene by CYPs to epoxides (Hissink et al., 1996) in male Wistar rats. The 1119 

Vmax and Km values used as inputs for the model were derived using blood concentrations of p-1120 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912372
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912180
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1944492
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1944492
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912207
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2193490
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3118964
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3118964
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1960968
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912383
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912251
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1960968
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1960968
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912383
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912251
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2858238
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912368
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1960968
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1945034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1960968
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912383


PUBLIC RELEASE DRAFT 

April 2026 

Page 28 of 194 

dichlorobenzene in male Wistar rats orally dosed with [14C]-p-dichlorobenzene at 10, 50, or 250 mg/kg. 1121 

Some rats were pretreated with isoniazid, a CYP2E1 inducer, prior to dosing with [14C]-p-1122 

dichlorobenzene. Based on data from male rats dosed with 250 mg/kg, pretreatment with isoniazid 1123 

increased the Vmax (36 vs. 22 µmol/hour) and Cmax for hepatic epoxides (175 vs. 81 µmol/L), 1124 

demonstrating an increased hepatic conversion of p-dichlorobenzene to epoxides following CYP2E1 1125 

induction. This model has a narrow scope and only covers orally dosed male rats. Therefore, it is not 1126 

usable for dosimetric extrapolations. 1127 

2.3 Non-Cancer Hazard Assessment 1128 

 Hazard Identification for Critical Human Health Hazard Outcomes 1129 

The sections below describe adverse outcome and mechanistic data available, evidence integration, and 1130 

weight of scientific evidence conclusions for the most relevant human health hazard outcomes for p-1131 

dichlorobenzene. Based on review of existing assessments (see Section 2.1.1), EPA focused on hazard 1132 

identification and evidence integration of liver toxicity, respiratory system toxicity, reproductive/ 1133 

developmental toxicity, neurological toxicity, and kidney toxicity, which are the most well-supported 1134 

human health hazard outcomes associated with p-dichlorobenzene. Summaries of additional endpoints 1135 

not considered for dose-response analysis are provided in Appendix B, and additional details for key 1136 

studies (including overall quality determinations) are provided in the dose-response analysis, Section 1137 

2.3.2. The database for p-dichlorobenzene is very thorough and robust. In addition to the literature pool 1138 

obtained through systematic review, EPA utilized the high-quality, guideline, or guideline-like toxicity 1139 

studies considered in the 2018 OPP risk assessment (U.S. EPA, 2018) developed as part of re-1140 

registration review. These included acute and subchronic neurotoxicity studies, two-generation 1141 

reproductive toxicity studies, and several other systemic toxicity studies covering four species. 1142 

 1143 

Full details on all evaluated health outcomes from all key studies are in the Draft Data Extraction 1144 

Information for Environmental Hazard and Human Health Hazard Animal Toxicology and 1145 

Epidemiology for p-Dichlorobenzene (U.S. EPA, 2026e). Overall data quality determinations and 1146 

metric-specific evaluations are provided in the Draft Data Evaluation Information for Human Health 1147 

Hazard Animal Toxicology (U.S. EPA, 2026f) and Draft Data Evaluation Information for Human 1148 

Health Hazard Epidemiology (U.S. EPA, 2026g). Epidemiological studies that were filtered out and did 1149 

not undergo data evaluation and extraction are listed in Appendix L.1.1. 1150 

 1151 

This assessment exemplifies EPA’s commitment to use NAMs through an EPA collaboration with the 1152 

DTT of NIEHS to develop a 5-day, whole-body inhalation toxicology and genomic dose-response study 1153 

(U.S. EPA, 2026m; NIEHS, 2025b). In this study, female Hsd:Sprague Dawley® SD® rats and 1154 

B6D2F1/Crl mice were exposed to 0, 1, 10, 50, 150, and 400 ppm p-dichlorobenzene, and an additional 1155 

group in the rat study receiving 800 ppm p-dichlorobenzene. These concentrations were based on data in 1156 

the published literature and further confirmed through a pilot study in a limited number of animals, to 1157 

determine animal tolerance of exposure concentrations for the planned full study duration. Female 1158 

rodents were used for this study to reduce the overall study size and limit the complexity of comparisons 1159 

between species. The mouse strain selected was the same strain where a previous study observed 1160 

carcinogenic effects in the lung and liver of female mice (Aiso et al., 2005a). Measurement of apical 1161 

endpoints and transcriptomic analyses were performed on lung, heart, liver, kidney, and ovary. Some 1162 

positive findings for toxicological endpoints following exposure to p-dichlorobenzene were identified in 1163 

the critical organ systems of liver and kidney. Toxicological observations for lung, ovary, and heart were 1164 

largely limited to organ weight. 1165 
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2.3.1.1 Liver Toxicity 1166 

2.3.1.1.1 Human Evidence 1167 

Case Studies  1168 

Three individual case studies reporting liver effects in humans following exposure to p-dichlorobenzene 1169 

were identified. In a p-dichlorobenzene poisoning study, two human case studies were reported with 1170 

severe symptoms including liver atrophy and cirrhosis (leading to death in one case) following 3-4 1171 

months of consumer or 2 years of occupational exposure, however p-dichlorobenzene could not be 1172 

quantified in either case and other confounders could not be accounted for in the report due to 1173 

insufficient information on the moth gas vapor (Cotter, 1953). Therefore, it is unknown whether the 1174 

moth vapor contained other insecticides or byproducts of p-dichlorobenzene. Another case study 1175 

involved a 3-year-old boy who was dermally handling mothball crystals containing p-dichlorobenzene 1176 

for an unknown amount of time, resulting in jaundice (Hallowell, 1959). The author also indicated that 1177 

subsequent reexamination of the urine revealed the presence of 2,5-dichloroquinol, a known p-1178 

dichlorobenzene metabolite. It is unclear if oral exposure was involved (it was claimed by the study 1179 

author), but exposure via both dermal and inhalation routes is likely (Hallowell, 1959). Exposures could 1180 

not be quantified for either case. Due to the lack of a quantified exposure assessment, these studies 1181 

cannot provide a dose-response relationship. These case studies had low weight in the evidence 1182 

integration. 1183 

 1184 

Epidemiological Studies  1185 

In a cross-sectional study using data from the 1999 to 2000 National Health and Nutrition Examination 1186 

Survey (NHANES), 564 subjects underwent personal monitoring of various volatile organic compounds 1187 

(VOCs), including p-dichlorobenzene, for 43 to 76 hours. Statistical associations were derived between 1188 

air concentrations and serum biochemical markers of liver function. p-Dichlorobenzene concentration in 1189 

the absence of other VOCs had no statistical correlation with serum lactate dehydrogenase or total 1190 

bilirubin levels in multiple linear regressions (Liu et al., 2009). A small occupational cross-sectional 1191 

study of 75 workers in Taiwan identified a statistically significance increase in the liver damage 1192 

biomarker serum alanine transferase (ALT) but not aspartate aminotransferase (AST) among exposed p-1193 

dichlorobenzene workers (defined based on urinary metabolite levels and job tasks, (Hsiao et al., 2009)) 1194 

compared to non-exposed administrative and medical workers. 1195 

2.3.1.1.2 Laboratory Animal Evidence 1196 

Oral 1197 

Mild effects have been observed in acute and subacute (≈1 week) oral studies (ATSDR, 2006). A single 1198 

oral dose of up to 2,790 mg/kg in rats did not elicit consistent indication of liver toxicity in one study 1199 

other than minimal centrilobular vacuolar degeneration at or above 475 mg/kg (Allis et al., 1992). In a 1200 

separate study, a single 600 mg/kg dose did statistically significantly increase liver weights in both mice 1201 

and rats with some cellular changes observed in rat hepatocytes, including vacuolated cytoplasm and 1202 

granulated basophilic cytoplasm (Eldridge et al., 1992). Single oral doses of 1,800 mg/kg—but not 600 1203 

or 1,000 mg/kg—administered to male mice increased serum ALT, an indicator of liver damage, which 1204 

was accompanied by severe swelling of centrilobular hepatocytes (Umemura et al., 1996). 1205 

 1206 

Another study examined rats orally administered 25 to 300 mg/kg-day p-dichlorobenzene or mice 1207 

administered 300 to 600 mg/kg-day (plus controls) for 1, 4, or 13 weeks. In the 1-week experiment, 1208 

increased liver weight was observed at 300 mg/kg-day in both rats and mice and at 600 mg/kg-day in 1209 

mice. Liver weight was increased in rats at 75 mg/kg-day and above when exposed for 4 weeks, whereas 1210 

similar increases were only observed at 150 mg/kg-day and above when exposed for 13 weeks. 1211 

Centrilobular hypertrophy was observed at the high dose in both mice (600 mg/kg-day) and rats (300 1212 
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mg/kg-day) at 13 weeks of exposure (Lake et al., 1997). A separate subchronic (13-week) oral study in 1213 

rats similarly only observed histopathological effects at high doses, with hepatocytomegaly being the 1214 

only observed macroscopic change at 600 mg/kg-day through 1,500 mg/kg-day (Battelle, 1980). In 1215 

contrast, maternal liver weight was not changed significantly in pregnant rats administered up to 1,000 1216 

mg/kg-day p-dichlorobenzene via gavage for 10 days (Giavini et al., 1986). Conflicting results have 1217 

been reported related to excretion of porphyrins, another indicator of liver damage, with (1) increased 1218 

excretion up to several order of magnitude observed following a maximum of 770 mg/kg-day of p-1219 

dichlorobenzene administered to male rats for 5 days in liquid paraffin but not at 850 mg/kg-day 1220 

(Rimington and Ziegler, 1963) and (2) only to a mild extent following dosing of 50 to 200 mg/kg-day 1221 

for 120 days in female rats (Carlson, 1977).  1222 

 1223 

Oral administration of 500 mg/kg-day to 2 rats for 4 weeks, 376 mg/kg-day to 10 rats across more than 6 1224 

months, 1,000 mg/kg-day to 5 rabbits for 92 days across more than 7 months, or 500 mg/kg-day to 7 1225 

rabbits for 263 days over a year resulted in “cloudy swelling” and centrilobular necrosis with occasional 1226 

slight cirrhosis (Hollingsworth et al., 1956). In longer term oral studies, increased liver weight was 1227 

recorded in F1 males at 90 mg/kg-day and above but non-reproductive effects were generally not 1228 

quantified or carefully measured otherwise (U.S. EPA, 2006b; Bornatowicz et al., 1994). In a two-year 1229 

chronic study, liver effects were not observed in rats orally exposed for 2 years up to 600 mg/kg-day; 1230 

however degenerative effects (e.g., cellular swelling, cytoplasmic vacuolization) and cellular necrosis 1231 

were observed in mice exposed for 2 years to 300 or 600 mg/kg-day (NTP, 1987). 1232 

 1233 

Several studies were also performed in beagle dogs. Increased liver weight and multiple serum liver 1234 

enzymes were observed in dogs at 75 mg/kg-day and above (up to 300 mg/kg-day) in a 28-day oral 1235 

range-finding study (Monsanto Chemical Company, 1995). The 1-year follow-up study demonstrated 1236 

severe liver toxicity at higher doses, with various histopathological indications, increased liver weights, 1237 

and clinical serum biochemistry indicative of liver damage observed at 50 mg/kg-day and above up to 1238 

the top dose of 150 mg/kg-day (Monsanto Chemical Company, 1996). Histopathological findings 1239 

included pigment deposition in hepatocytes, bile duct/ductile hyperplasia, nodular hyperplasia, bile 1240 

stasis, and periportal inflammation. 1241 

 1242 

Inhalation 1243 

In contrast to the oral findings described above, inhalation exposure did not consistently produce liver 1244 

effects at lower concentrations. Inhalation of up to 508.4 ppm p-dichlorobenzene for 10 days in pregnant 1245 

rats or 800 ppm for 13 days in rabbits did not elicit any indication of liver changes (ATSDR, 2006; 1246 

Hayes et al., 1985; Loeser and Litchfield, 1983; Dow Chemical, 1982b). A 10-day rat inhalation 1247 

developmental toxicity study performed in compliance with Good Laboratory Practice (GLP) observed 1248 

increased relative but not absolute liver weight in dams exposed from Gestation Days (GD) 6 to 15 to 1249 

600 ppm but not 200 ppm (Bushy Run, 1992). A GLP developmental toxicity study in rabbits did not 1250 

identify consistent liver effects from 13 days of maternal exposure (GD 6–18) to as high as 800 ppm p-1251 

dichlorobenzene (Dow Chemical, 1982b). Pale liver was observed in 18/30 rabbits at the middle dose of 1252 

300 ppm; however, this was not dose-responsive and liver weight was not significantly changed at any 1253 

dose. 1254 

 1255 

Hollingsworth et al. (1956) examined inhalation exposures across multiple species. Inhalation of up to 1256 

158 ppm for 5 to 7 months did not affect liver weight or histopathology in mice. Rats demonstrated 1257 

increased relative liver weight alongside congestion and granular degeneration following intermittent 1258 

inhalation exposure to 173 ppm across 12 exposures (16 days total) or 158 ppm across 138 exposures 1259 

(198 days total), but not 96 ppm across 126 to 130 exposures (182–186 days total). In other experiments 1260 

from the same study, swelling and necrosis were reported in either rat, guinea pig, or rabbit (specific 1261 
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species not specified) following long term dosing at 798 ppm. Guinea pigs demonstrated increased liver 1262 

weight from the 158 ppm (157 days) or 96 ppm (199 days) experiments, with this finding only occurring 1263 

in females. More severe effects including cirrhosis, focal necrosis, and fatty degeneration were also 1264 

observed in male guinea pigs exposed to 341 ppm for 5 days a week across 6 months, though these were 1265 

characterized by the author as slight histological changes. In mice and rats exposed via inhalation for 13 1266 

weeks, liver weight and various serum liver biomarkers were increased at 270 ppm with greater 1267 

magnitude of responses reported in mice compared to rats. No significant effects were observed at 120 1268 

ppm and below (Aiso et al., 2005a). A 28-day inhalation study found increased liver weights in males at 1269 

168 ppm and 329 ppm (females only at 329 ppm), with significantly increased serum ALP and observed 1270 

lipidosis at 329 ppm (Biodynamics, 1991). 1271 

 1272 

In a GLP two-generation inhalation reproductive toxicity study in rats, liver weight was increased in F0 1273 

males at 211 ppm and above (females at 538 ppm) and centrilobular hepatocellular hypertrophy was 1274 

observed at 538 ppm in both sexes of F0 and F1 generations (Chemical Manufacturers Association, 1275 

1989).  1276 

 1277 

A chronic inhalation study in rats demonstrated increased liver weight at approximately 500 ppm 1278 

exposure for 26 or more weeks in females (only following longer exposure in males) without any effects 1279 

at 75 ppm in either sex (ICI Ltd, 1980). In a two-year inhalation study on rats and mice, liver weight was 1280 

increased only at the high dose of 300 ppm in both sexes and both species. Centrilobular hepatocellular 1281 

hypertrophy was observed in high-dose male mice and increased serum bilirubin in female mice (Aiso et 1282 

al., 2005b; JBRC, 1995).  1283 

 1284 

The 5-day whole body inhalation study performed in female rodents observed a significant dose-1285 

response trend for increased absolute (g) and relative (mg/g) liver weight compared to vehicle control 1286 

for the two highest concentrations tested, 400 and 800 ppm in rats and 150 and 400 ppm in mice 1287 

(NIEHS, 2025b). Limited changes in clinical chemistry sampled on study day 5, were observed in both 1288 

female rats and mice. Only at the highest concentration tested in rats, 800 ppm, was significance 1289 

observed for sorbitol dehydrogenase (SDH; IU/L), increased triglycerides (mg/dL), and alanine 1290 

aminotransferase (IU/L). In rats, both SDH and triglycerides had detectable and significant dose-1291 

responsive trends compared to the control group. Rats also displayed some dose-dependent effects in 1292 

aspartate aminotransferase (U/L) compared to control, though no single dose group reached significance. 1293 

In mice, the albumin/globulin (A/G) ratio only at the highest concentration tested, 400 ppm, had an 1294 

observed dose-dependent and significant decrease. There was a significant dose-dependent increase in 1295 

cholesterol at the two highest concentrations tested 400 and 800 ppm in rats and 150 and 400 ppm in 1296 

mice. Mice also displayed some dose-dependent effects in glucose (mg/dL), and globulin (g/dL), and 1297 

alanine aminotransferase (ALT; IU/L) compared to control, though no single dose group reached 1298 

significance for these clinical chemistry parameters. 1299 

 1300 

Dermal 1301 

In the only repeated-dose dermal toxicity study examining systemic toxicity available, no effects were 1302 

reported for liver weight or relevant clinical biochemistry changes following 21 days of dermal exposure 1303 

in male and female rats to 75, 150, or 300 mg p-dichlorobenzene per kg body weight per day 1304 

(Biodynamics, 1990). This is not considered a limit dose, so the possibility for liver effects from higher 1305 

dermal exposures remains unknown. 1306 

2.3.1.1.3 Mechanistic and Supporting Evidence 1307 

Liver toxicity is associated with increased cell proliferation and enzymatic activity. Microsomal 1308 

cytochrome P-450 content and induction of microsomal 7-pentoxyresorufin O-depentylase activity was 1309 
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increased at doses at or below those corresponding to increased liver weight and hypertrophy in short-to-1310 

intermediate term oral studies (Lake et al., 1997) and BrdU DNA labeling indicative of cell proliferation 1311 

correlated with the timing and severity of liver effects following acute oral exposure (Eldridge et al., 1312 

1992). BrdU incorporation was also induced in all test groups following oral administration of 150, 300, 1313 

or 600 mg/kg-day p-dichlorobenzene for 4 days in mice and rats of both sexes (Umemura et al., 1992) 1314 

but remained elevated after 4 weeks of exposure only in mice (Umemura et al., 1998). BrdU labeling 1315 

was no longer significantly increased following 13 weeks of exposure to these doses (Lake et al., 1997). 1316 

 1317 

Increased enzymatic activity does not necessarily indicate liver damage, and cell proliferation is likely to 1318 

be downstream of any damage as a compensatory mechanism. Necrosis was observed in some studies at 1319 

higher doses, however it is difficult to correlate the temporality and dose-response of mechanistic and 1320 

apical outcomes across species, sexes, and study durations from different study designs. The mechanism 1321 

of liver damage from p-dichlorobenzene exposure is therefore unclear; however, it likely that 1322 

metabolism (such as glutathione GSH depletion or direct macromolecule binding of reactive 1323 

intermediate metabolites) has a major role (ATSDR, 2006; U.S. EPA, 2006b). More specifically, 1324 

oxidative metabolism of p-dichlorobenzene creates hydroquinone and benzoquinone species that are 1325 

associated with covalent binding to proteins and DNA (Section 2.2.3). A more recent study supports 1326 

oxidative stress as a potential mode of action, where superoxide dismutase decreased and a lipid 1327 

peroxidation marker increased in a dose-responsive manner in mice with increasing p-dichlorobenzene 1328 

exposure (oral dosing of 0 to 450 mg/kg-day to 900 mg/kg-day for 7 days) in the absence of any reduced 1329 

liver GSH (Suhua et al., 2010). The process of oxidative metabolism itself could be contributing to 1330 

oxidative stress in liver. Decreased iron and increased zinc:copper ratio in liver was also observed, 1331 

suggesting that disruption of nutrient homeostasis could additionally be a contributing mechanism. 1332 

 1333 

It is unknown whether evidence of CAR signaling in rodents, which is likely the cause of liver cancer 1334 

seen only in mice (see Sections 2.2.3 and 2.4.3), may also contribute to non-cancer effects. The NIEHS, 1335 

5-day whole-body inhalation transcriptomic study provides additional mechanistic context by 1336 

identifying dose-dependent induction of canonical CAR-responsive genes in mouse liver (NIEHS, 1337 

2025b). These genes were induced at lower concentrations in mice than in rats. Nevertheless, non-cancer 1338 

liver toxicity across mice, rats, guinea pigs, rabbits, and dogs suggest that non-cancer liver toxicity is not 1339 

species-specific, even if underlying mechanisms may differ across species. A detailed evaluation of the 1340 

CAR-mediated MOA for liver cancer and its relevance to the human risk assessment is provided in 1341 

Section 2.4.3. 1342 

2.3.1.1.4 Summary and Conclusions 1343 

Increased liver weight alone is not typically considered adverse as it may be a compensatory response to 1344 

increased metabolic or enzymatic activity following exposure. For p-dichlorobenzene, however, liver 1345 

weight changes in animals observed in parallel with histopathological or blood chemistry may be 1346 

indicative of cellular damage. These outcomes were observed at various durations of exposure in both 1347 

males and females, mice and rats, and even rabbits and guinea pigs in one study (Hollingsworth et al., 1348 

1956). A small number of human case reports from the 1950s describe overt signs of severe liver 1349 

damage, these reports are old, lack quantifiable exposure data, and should be interpreted with caution. 1350 

Several studies demonstrate increased enzymatic activity and cellular proliferation/DNA replication in 1351 

the liver following exposure; however, a specific mode of action cannot be determined.  1352 

 1353 

Among the species tested, dogs are the most sensitive, with oral LOAELs of 75 mg/kg-day (28 day) and 1354 

50 mg/kg-day (1 year) and inhalation effects observed at 168 ppm. Rodents were less sensitive via both 1355 

exposure routes, with adverse effects observed at 158 ppm or above via inhalation and 300 mg/kg-day 1356 

via oral exposure. The greater sensitivity of dogs is important; however, the metabolic profile of p-1357 
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dichlorobenzene dogs remains poorly characterized, introducing uncertainty as to whether dogs 1358 

represent a more toxicologically relevant species for humans than rodents. Furthermore, it is unclear 1359 

whether the hepatic effects observed in dogs are mechanistically consistent with CAR-mediated pathway 1360 

established in mice or reflect a distinct underlying process—a distinction that is important given that 1361 

CAR-mediated MOA is considered not relevant to humans (Section 2.4.3). There is evidence that CAR 1362 

signaling is activated less strongly in rats (Pinne et al., 2016) and dogs have demonstrated greater 1363 

concordance than rodents with human outcomes in some pharmaceutical testing (Olson et al., 2000). 1364 

These few studies indirectly suggest that dogs may be more representative of human toxicokinetics; 1365 

however, without any data on dog metabolism of p-dichlorobenzene specifically, uncertainty remains.  1366 

 1367 

In considering the reasonably available information, EPA determines that adverse liver toxicity is 1368 

supported by slight human evidence from a few case reports without quantifiable exposure and mixed 1369 

results from two epidemiological studies, robust animal evidence demonstrating repeated observation of 1370 

liver damage across diverse exposure scenarios, and slight mechanistic evidence providing indirect 1371 

suggestions of potential modes of action. Based on the weight of scientific evidence, evidence 1372 

integration judgements, and available dose-response data for adverse liver effects, dose-response 1373 

analysis is considered appropriate for assessing liver toxicity, which is among the most well-supported 1374 

adverse outcomes among all endpoints. Although the dog was the most sensitive species across both 1375 

routes of exposure, interpretation of the overall database must consider the uncertainty in how limited 1376 

toxicokinetic information impacts the dosimetry across species. 1377 

2.3.1.2 Respiratory System Toxicity 1378 

2.3.1.2.1 Human Evidence 1379 

Case Study and Industrial Surveys 1380 

A single case report involves a woman who had been inhaling p-dichlorobenzene crystals for years in 1381 

her home. Examination observed fibrosis of the lung parenchyma, alveolar thickening, and respiratory 1382 

immune infiltrates. These effects were believed to likely result from tissue reaction to the crystalline 1383 

structure and not a toxicological response (Weller and Crellin, 1953). Hollingsworth (1956) conducted 1384 

three industrial hygiene surveys of plant operations and a semi-quantitative analysis of occupational 1385 

exposure over an average of 4.75 years reported ocular and nasal irritation at measured air 1386 

concentrations of 80 to 160 ppm, with inability to breathe at greater than 160 ppm. No irritation was 1387 

reported among a group of workers exposed to a range of 15 to 85 ppm (average of 45 ppm) and the 1388 

odor threshold is approximately 15 ppm. Due to the limitations of exposure assessment in the case study 1389 

and semi-quantitively analysis of the occupational exposure, these studies do not provide dose-response 1390 

associations and are considered to have low weight in the evidence integration. 1391 

 1392 

Epidemiological Study for Adult Populations  1393 

p-Dichlorobenzene blood and urinary concentrations from the general population were evaluated from 1394 

953 adults using data from the NHANES III from 1988 to 1994 and compared to multiple measurements 1395 

of pulmonary function. Statistically significant dose-response relationships were identified inversely 1396 

correlated between p-dichlorobenzene exposure and multiple spirometry measurements of pulmonary 1397 

function, based on measured p-dichlorobenzene levels in blood in this cross-sectional study (Elliott et 1398 

al., 2006). Due to the study design and purpose of the cross-sectional study, the cross-sectional study has 1399 

uncertainties as it only provides data at a snapshot in time and cannot demonstrate temporality. As a 1400 

result, the study result cannot inform the dose-response relationship between p-dichlorobenzene 1401 

exposure and respiratory health outcomes. However, the study is informative for hazard identification 1402 

and supporting the weight of scientific evidence for this outcome. 1403 

 1404 
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Epidemiological Studies for Children 1405 

In a cross-sectional study of 21 California children, statistically significant association was not found 1406 

between asthma symptoms and p-dichlorobenzene concentrations in exhaled breath or ambient air 1407 

(Delfino et al., 2003). The odds ratio (OR) for asthma symptoms and p-dichlorobenzene measured in 1408 

exhaled breath was 1.29 with a 95% confidence interval (CI) of 0.82 to 2.03; OR for p-dichlorobenzene 1409 

in ambient air was 1.24 (95% CI: 0.39–3.97). In contrast, a prospective birth cohort study found a strong 1410 

association (OR = 3.00, 95% CI: 1.36–6.59) between asthma diagnosis in boys (but not girls) and third 1411 

trimester maternal urinary levels of the p-dichlorobenzene metabolite 2,5-dichlorophenol (Buckley et al., 1412 

2018). The study results suggest child exposure to p-dichlorobenzene is not associated with an increased 1413 

risk of respiratory and allergic conditions in children. 1414 

2.3.1.2.2 Laboratory Animal Evidence 1415 

Oral 1416 

In a 13-week oral gavage study, rats exhibited epithelial necrosis of the nasal turbinates at doses of 1417 

1,200 mg/kg-day or higher, but there were no respiratory effects in mice at even 1,800 mg/kg-day. Lung 1418 

effects were not observed in either mice or rats following chronic oral administration of up to 600 1419 

mg/kg-day (NTP, 1987). 1420 

 1421 

Inhalation 1422 

An older study found qualitative histopathological evidence of lung damage including edema, 1423 

congestion, and alveolar hemorrhage in rats, rabbits, and guinea pigs following 16 days of exposure to 1424 

173 ppm or 12 weeks of exposure to 798 ppm (Hollingsworth et al., 1956).  1425 

 1426 

Rats and mice were exposed to 75 or 500 ppm of p-dichlorobenzene via whole-body inhalation exposure 1427 

for 76 weeks (rats) or 57 weeks (mice) (Loeser and Litchfield, 1983). There was slightly increased lung 1428 

weight in rats at 500 ppm that was not considered treatment-related and an absence of histological 1429 

effects, though respiratory disease in all groups of mice (including control) and elevated baseline 1430 

mortality make this study unreliable. Rats exposed to approximately 500 ppm, but not 75 ppm, for 112 1431 

(but not 76) weeks demonstrated increased absolute lung weights in the absence of histological 1432 

indicators of damage to the respiratory system in this high-quality study for rats (ICI Ltd, 1980).  1433 

 1434 

In contrast with the above studies that reported mixed consistency and severity of effects, primarily at 1435 

higher exposures, the chronic JBRC/Aiso et al. study (2005b; JBRC, 1995) reported histopathology 1436 

findings in both mice and rats of both sexes at 75 ppm and above via inhalation exposure. Findings 1437 

included eosinophilic globules and metaplasia in the olfactory epithelium, respiratory epithelium, and 1438 

nasal gland. 1439 

 1440 

The 5-day whole body inhalation study performed in rodents did not identify any effect on lung weight 1441 

compared to vehicle control for mice up to 400 ppm and rats up to 800 ppm. Other respiratory tissues or 1442 

measures of lung toxicity were not examined (NIEHS, 2025b). Other inhalation studies conducted for 1443 

developmental and neurotoxicity endpoints did not evaluate respiratory system endpoints. 1444 

2.3.1.2.3 Mechanistic and Supporting Evidence 1445 

p-Dichlorobenzene is a solid powder in neat form that also sublimates. As the case report in Section 1446 

2.3.1.2.1 suggested, respiratory toxicity can result from the mechanical interaction of p-dichlorobenzene 1447 

crystals with tissue independent of any chemical-specific mechanism. The most sensitive chronic rodent 1448 

study (Aiso et al., 2005b; JBRC, 1995) exposed animals to p-dichlorobenzene vapor at approximately 1449 

room temperature, and a dose-response relationship was observed for reduced pulmonary function 1450 

associated with p-dichlorobenzene in ambient air (Elliott et al., 2006). No specific mechanism for 1451 
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respiratory toxicity from p-dichlorobenzene vapor has been identified, and available data is insufficient 1452 

to support mechanistic conclusions for this endpoint. Additionally, the role of nasal or lung P450 1453 

enzymes in respiratory toxicity is unclear. 1454 

2.3.1.2.4 Summary and Conclusions 1455 

Although nasal epithelial necrosis was observed in rats following 13 weeks of oral gavage exposure at 1456 

1,200 and 1,500 mg/kg-day but not 900 mg/kg-day (NTP, 1987), these higher doses caused unacceptable 1457 

toxicity (e.g., significant weight loss and death) and exceeded the standard limit dose of 1,000 mg/kg-1458 

day. It therefore has limited relevance for risk assessment. Overall evidence suggests respiratory toxicity 1459 

is specific to inhalation exposure. Both the nose and lung are affected by p-dichlorobenzene under 1460 

inhalation exposure, with nasal eosinophilic globules and metaplasia observed at 75 ppm and lung 1461 

effects including edema and congestion reported at 173 ppm, though sensitivity was variable across 1462 

studies of similar exposure duration. 1463 

 1464 

In considering the reasonably available information, EPA determines that adverse respiratory toxicity is 1465 

supported by moderate human evidence that includes (1) a dose-responsive association between p-1466 

dichlorobenzene biomonitoring levels and pulmonary function (despite a null result in a small study on 1467 

asthma in children), (2) moderate animal evidence demonstrating effects on various parts of the 1468 

respiratory system but at inconsistent doses and durations, and (3) indeterminate mechanistic evidence 1469 

due to an absence of tissue-specific information. Based on the weight of scientific evidence, evidence 1470 

integration judgements, and available dose-response data for adverse respiratory effects, dose-response 1471 

analysis is considered appropriate for assessing respiratory toxicity. 1472 

2.3.1.3 Reproductive/Developmental Toxicity 1473 

2.3.1.3.1 Human Evidence 1474 

Epidemiological Studies  1475 

As discussed in Section 2.3.1.2.1, EPA identified two epidemiological studies examining the association 1476 

between general population p-dichlorobenzene exposure and asthma symptoms in children, and one 1477 

epidemiological study investigating the association with autism. A cross-sectional study investigated 21 1478 

children aged 10 to 16 years with p-dichlorobenzene exposure through exhaled or ambient air and found 1479 

that the inhalation exposure was not associated with childhood asthma (Delfino et al., 2003). However, a 1480 

prospective cohort study of 159 children aged 6 to 7 years in the Mt. Sinai Children’s Environmental 1481 

Health Study found that prenatal exposure to p-dichlorobenzene was associated with asthma diagnosis in 1482 

boys (Buckley et al., 2018). A family-based cohort study (Kalkbrenner et al., 2018) assessed the 1483 

associations between average annual concentrations at birth from the U.S. EPA emission-based 1484 

National-Scale Air Toxics Assessment and autism spectrum disorder (ASD) diagnosis among 1,540 1485 

cases and 477 controls. This study found that average annual p-dichlorobenzene air concentration was 1486 

negatively associated with autism diagnosis and severity, indicating no concern for increased autism 1487 

risk. In summary, these study findings did not show consistent results for developmental toxicity. 1488 

2.3.1.3.2 Laboratory Animal Evidence 1489 

Oral 1490 

In a 13-week GLP study, significantly increased ovarian to brain weight ratio were reported only 1491 

following 1,500 mg/kg-day oral administration in female mice (NTP, 1987); however, this dose exceeds 1492 

the limit dose and is not considered relevant for risk assessment.  1493 

 1494 

An oral developmental toxicity study in pregnant rats exposed for 10 days reported decreased maternal 1495 

weight gain, increased incidence of fetuses with extra ribs, and reduced fetal body weight (Giavini et al., 1496 
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1986). Food intake was reduced at all treatment levels (≥250 mg/kg-day) whereas reduced maternal 1497 

weight gain and increased skeletal defects were significant at 500 mg/kg-day and above. A decrease in 1498 

maternal weight gain of 18% at 250 mg/kg-day was noted as potentially biologically meaningful in the 1499 

context of observed effects at higher doses but was not statistically significant at this dose. Reduced fetal 1500 

body weight only occurred at 1,000 mg/kg-day. There was no reduced fertility, and neonatal 1501 

examination did not result in changes to reproductive hormones or reproductive tissues of offspring 1502 

(Giavini et al., 1986). A series of studies orally administering approximately 2 or 10 mg/kg-day to 1503 

pregnant mice and rats from GD 1 through lactation did not find any statistically significant effects on 1504 

fertility, eye opening timing, offspring sex hormone levels, or parental sex hormone levels and organ 1505 

weights (Makita, 2008; Makita and Omura, 2006; Makita, 2005, 2004). 1506 

 1507 

No effects on reproductive organs in either sex were observed following long term oral administration of 1508 

up to 150 mg/kg-day for 1 year in dogs (Monsanto Chemical Company, 1996). No effects on 1509 

reproductive organs were observed after 2 years of oral exposure to up to 600 mg/kg-day in rodents 1510 

(NTP, 1987) other than increased testicular (males) and uterine (females) hyperplasia (no statistics 1511 

performed for significance) in rats that showed a dose response relationship. 1512 

 1513 

In an oral two-generation study in rats conducted in accordance with OECD test guideline 416 and GLP 1514 

(publication in German, translation received by EPA), reduced offspring body weight and postnatal 1515 

survival were decreased at 90 mg/kg-day or above the LOAEL (which differed between generations); 1516 

however, data were only reported on a per-pup basis (as opposed to the recommended per-litter basis in 1517 

accordance with EPA Guidelines for Developmental Toxicity Risk Assessment (U.S. EPA, 1991b)). 1518 

Other developmental outcomes in offspring occurring at 90 mg/kg or higher included delayed eye 1519 

opening, behavioral tests indicating neuromuscular deficiencies, dry/scaly skin, and tail constriction 1520 

(Bornatowicz et al., 1994). The skin and tail effects may have been indicative of dehydration, consistent 1521 

with findings reported in the study that the skin was altered (e.g., dry, squamous). 1522 

 1523 

Inhalation 1524 

Inhalation exposure of adult rats or guinea pigs for 16 days to 173 ppm, 157 to 199 days (depending on 1525 

sex and species) to 158 ppm, or 182 to 197 days to 96 ppm did not affect testis weight (Hollingsworth et 1526 

al., 1956). No other measures of reproductive/developmental toxicity were examined in this study. 1527 

 1528 

A whole-body developmental toxicity study in rats did not identify any effect on fertility parameters at 1529 

p-dichlorobenzene air concentrations up to 508.4 ppm (ATSDR, 2006; Loeser and Litchfield, 1983). A 1530 

similar study observed reduced absolute maternal body weight and reduced weight gain at 200 ppm and 1531 

above with delayed skeletal ossification at 600 ppm without any other effects on reproductive or 1532 

developmental parameters (Bushy Run, 1992). A similar study in rabbits observed increased resorptions 1533 

per litter at 300 but not 800 ppm. The rate of resorptions at 300 ppm was within the historical control 1534 

range and there were no other indications of fertility effects. Maternal weight gain was reduced at 800 1535 

ppm (Hayes et al., 1985; Dow Chemical, 1982b). Increased incidence of retroesophageal right 1536 

subclavian artery in offspring of exposed mothers was considered only a minor variation. 1537 

 1538 

In a two-generation inhalation study in rats, average litter size, offspring body weight, and survival rates 1539 

were decreased in both F1 and F2 generations at 538 ppm, and F1 body weight remained decreased even 1540 

following a recovery period (Chemical Manufacturers Association, 1989). There were also signs of 1541 

maternal toxicity including reduced body weight at 211 ppm. No effects on fertility or developmental 1542 

outcomes were observed at 211 ppm or below.  1543 

 1544 
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Reproductive organs in rats were also not affected by 76 weeks of inhalation exposure of up to 1545 

approximately 500 ppm (ICI Ltd, 1980). Chronic inhalation exposure of male mice from 75 ppm up to 1546 

the highest dose of 300 ppm increased mineralization of the testis (Aiso et al., 2005b; JBRC, 1995).  1547 

 1548 

The 5-day whole body inhalation study performed in rodents did not identify any effect on ovary weight 1549 

compared to vehicle control for mice up to 400 ppm and rats up to 800 ppm. Other reproductive tissues 1550 

or measures of reproductive/developmental toxicity were not examined (NIEHS, 2025b). 1551 

2.3.1.3.3 Mechanistic and Supporting Evidence 1552 

Two studies administered p-dichlorobenzene via subcutaneous injection. In male rats and mice 1553 

administered up to 800 mg/kg-day for 4 to 5 days per week for 2 to 8 weeks (Takahashi et al., 2011), 1554 

decreased sperm production, abnormal sperm morphology, and increased reproductive organ weight (in 1555 

a Herschberger assay) were observed. An earlier study on adolescent female mice and rats by the same 1556 

laboratory found that 22 to 67 mg/kg-day of subcutaneously injected p-dichlorobenzene in a 1557 

uterotrophic assay inconsistently either increased or decreased uterine and ovarian weights while 800 1558 

mg/kg-day produced a consistent decrease in female reproductive organ weights (Takahashi et al., 1559 

2007). These subcutaneous injection studies are of limited relevance to risk assessment due to the non-1560 

relevant route of exposure but can inform potential mechanisms or MOAs for reproductive outcomes. 1561 

 1562 

Other available mechanistic evidence involves effects on endocrine signaling. There is not a clear 1563 

connection between endocrine changes and the apical outcomes observed in toxicity studies. These 1564 

details are provided in Appendix B.1. 1565 

2.3.1.3.4 Summary and Conclusions 1566 

Based on the available epidemiological and toxicological evidence, p-dichlorobenzene is a reproductive 1567 

and developmental toxicant though animal testing showed mixed results. Fertility measures were either 1568 

unaffected or only observed following higher doses/concentrations than other endpoints, and there was 1569 

generally an absence of teratogenicity. Limited mechanistic data suggest that estrogen and thyroid 1570 

hormone signaling may impact reproductive outcomes, though endocrine effects are unlikely to affect 1571 

the observed apical outcomes such as postnatal mortality.  1572 

 1573 

Considering the reasonably available information, EPA determines that there is indeterminate human 1574 

evidence due to mixed results on association with asthma in children and a single study indicating a 1575 

protective effect of p-dichlorobenzene exposure on autism outcome. Animal evidence is moderate based 1576 

on a variety of effects observed in different species, with more sensitive responses seen in the single oral 1577 

reproductive toxicity study. Specifically, postnatal mortality and other developmental outcomes were 1578 

observed at 90 mg/kg-day and above while results were inconsistent across inhalation studies with most 1579 

adverse outcomes reported above 250 ppm. Mechanistic evidence is slight because though there are 1580 

some indications in both rodents and humans of hormone changes following p-dichlorobenzene 1581 

exposure, results are inconsistent and it is unclear how these endocrine changes would impact the 1582 

reported apical outcomes. Based on the weight of scientific evidence, evidence integration judgements, 1583 

and available dose-response data for adverse reproductive and developmental effects, dose-response 1584 

analysis is considered appropriate for assessing reproductive and developmental toxicity. Route- and 1585 

duration-specific considerations were applied when determining which exposure scenarios these 1586 

endpoints would be applicable. 1587 
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2.3.1.4 Neurological Toxicity 1588 

2.3.1.4.1 Human Evidence 1589 

Case Reports  1590 

There are numerous case reports of neurological symptoms in individuals following acute or chronic 1591 

residential exposure to p-dichlorobenzene products at high concentrations. A few select examples are 1592 

summarized below. A 1953 report on a 60-year-old man exposed to saturated p-dichlorobenzene vapor 1593 

for 3 to 4 months suffered from headaches, numbness, clumsiness, slowed speech, and evidence of 1594 

peripheral nerve damage in lower limbs (Cotter, 1953). In another report, a 25-year-old woman who 1595 

used p-dichlorobenzene as an insect repellant for 6 years required medical assistance for ataxia, 1596 

impaired speech, and limb weakness. These symptoms were associated with delays in brainwave 1597 

patterns and all measures improved months after exposure was ceased (Miyai et al., 1988). Similar 1598 

effects as well as encephalopathy were reported in a French study of a woman who regularly inhaled p-1599 

dichlorobenzene from deodorizer blocks for months (Reygagne et al., 1992). Several reports of pica 1600 

(ingestion of inedible substances) of toilet bowl cleaners, moth balls, or other solid p-dichlorobenzene 1601 

sources indicate a range of neurological symptoms, including fatigue, dizziness, tremors, altered mental 1602 

status, reduced motor and executive functioning, brain damage, and even coma or death (Weidman et 1603 

al., 2015; Buckman, 2013; Friedman et al., 2012; Murray et al., 2010; Avila et al., 2006; Campbell and 1604 

Davidson, 1970; Frank and Cohen, 1961). 1605 

 1606 

Epidemiological Studies 1607 

The average annual p-dichlorobenzene air concentration was negatively associated with autism 1608 

diagnosis and severity (indicating less risk of autism from exposure) in a family-based cohort study, as 1609 

described in Section 2.3.1.3.1 (Kalkbrenner et al., 2018). In a similarly interesting result, the cross-1610 

sectional study Liu (2014) analyzed NHANES III data and found that adult exposure to a mixture of p-1611 

dichlorobenzene and 1,1,1-trichloroethane improved scores in one neurobehavioral test (based on 1612 

learning, recall, and short-term memory) among the worst 20% of performers (with no statistical change 1613 

for other measures). However, the magnitude of this effect was minimal and not repeated for other tests. 1614 

These results are overall ambiguous and difficult to interpret as the improved scores were noted by the 1615 

authors as likely a statistical anomaly (Liu and Jia, 2014). These two (limited) studies together can be 1616 

interpreted together as indicating no adverse effect of p-dichlorobenzene exposure on cognition or 1617 

neurobehavioral development. 1618 

2.3.1.4.2 Laboratory Animal Evidence 1619 

Oral 1620 

Left-side hemiparalysis was observed in one of three rats orally administered p-dichlorobenzene in 1621 

liquid paraffin for 5 days up to 770 mg/kg (only the maximum dose was listed). Other neuromuscular 1622 

effects observed in the study (but unclear whether specific to p-dichlorobenzene) included weakness, 1623 

ataxia, seizure-like muscle contractions, and tremors (Rimington and Ziegler, 1963). Tremors and 1624 

impaired motor response were observed following 13 weeks of oral exposure to 1,200 mg/kg-day in 1625 

male and 1,500 mg/kg-day in both sexes in the absence of any changes in brain weight or histopathology 1626 

of the central nervous system. The same report did not identify any neurological effects following 1627 

chronic exposure to 300 mg/kg-day in rats or 600 mg/kg-day in rats (NTP, 1987).  1628 

 1629 

Despite their increased susceptibility to liver (Section 2.3.1.1.2) and kidney (Section 2.3.1.5.2) effects, 1630 

there were no indications of neurotoxicity in dogs such as pathological or organ weight changes in the 1631 

brain, pituitary gland, peripheral nerve, spinal cord, or eyes following 28 days of exposure to as high as 1632 

300 mg/kg-day (Monsanto Chemical Company, 1995) or 1 year of exposure to up to 75 mg/kg-day 1633 

(Monsanto Chemical Company, 1996).  1634 
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Inhalation 1635 

Clinical signs of neurotoxicity were qualitatively described in a 1956 study on rats, rabbits, and guinea 1636 

pigs exposed via inhalation to 798 ppm p-dichlorobenzene for 8 hours/day, 5 days/week across 23 to 68 1637 

exposures. Neurological symptoms were not reported following longer exposures to lower 1638 

concentrations (96, 158, or 173 ppm) (Hollingsworth et al., 1956).  1639 

 1640 

Chronic inhalation exposure to as high as 500 ppm did not result in any histopathological alterations to 1641 

brain, sciatic nerve, or spinal cord; however, absolute brain weight was slightly decreased at the end of 1642 

76 weeks exposure. There were also no reported lesions identified in skeletal muscle (ICI Ltd, 1980). 1643 

 1644 

No signs of toxicity in neurological organs in dogs were reported following 28 days of exposure to p-1645 

dichlorobenzene as high as 528 ppm (Biodynamics, 1991). 1646 

 1647 

Two inhalation studies focusing on neurotoxicity were performed on rats. In an acute study conducted 1648 

according to OPPTS 870.6200a, significantly decreased grip strength in both sets of limbs along with 1649 

decreased motor activity was reported at the highest exposure level of 600 ppm in males only 1650 

immediately following the cessation of exposure (no longer significant after 7 days or 14 days). No 1651 

effects were observed in females and histopathological alterations in neural tissues was not observed in 1652 

either sex (Monsanto Chemical Company, 1994a). A similar conclusion was obtained from a 14-week 1653 

neurotoxicity study conducted according to OPPTS 870.6200b, with significantly increased rearing 1654 

reported in males at 600 ppm but no other adverse findings and no effects in females with a NOAEL of 1655 

200 ppm (Monsanto Chemical Company, 1994b). Both studies reported no effects at the next lowest 1656 

concentration of 200 ppm. 1657 

 1658 

The 5-day whole body inhalation study performed in rodents did a limited examination of clinical signs 1659 

as an indicator of gross toxicological effects and morbidity. In rats exposed to 800 ppm p-1660 

dichlorobenzene compared to vehicle control, moderate severity in piloerection, lacrimation, pupil 1661 

dilation, ataxia, and tremors were reported. No clinical observation effects were reported in mice up to 1662 

400 ppm. Other measures of neurological toxicity or related tissues were not examined (NIEHS, 2025b). 1663 

2.3.1.4.3 Mechanistic and Supporting Evidence 1664 

There are not any directly relevant mechanistic evidence underlying the neurotoxic effects of p-1665 

dichlorobenzene. Although there are some data suggesting p-dichlorobenzene may influence the 1666 

neuroendocrine axis (Section 2.3.1.3.3), this is more likely to have developmental effects and would be 1667 

especially unlikely to impact peripheral nervous system outcomes, the primary effects seen in rodent 1668 

studies. 1669 

2.3.1.4.4 Summary and Conclusions 1670 

In considering the reasonably available information, EPA has determined that there is slight human 1671 

evidence based on a constellation of neurological effects seen across numerous older case reports of 1672 

(likely very high dose) oral and inhalation exposure over months to years, but with null to even 1673 

beneficial effects reported in two epidemiological studies. There is moderate animal evidence for 1674 

neurological effects based on clinical signs of neurotoxicity and neuromuscular impairment but at higher 1675 

doses than other endpoints. The acute neurotoxicity study demonstrated more pronounced effects than 1676 

the subchronic study, with decreased grip strength and motor activity observed at 600 ppm compared to 1677 

only increased rearing at the same concentration in the subchronic study. There is indeterminate 1678 

mechanistic evidence due to an absence of relevant supporting information. Despite the limited support 1679 

besides animal studies, consistent findings of neurological effects at 600 ppm and above in guideline 1680 

studies and a very recent study strengthen the reliability of these observations. Based on the weight of 1681 
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scientific evidence, evidence integration judgements, and available dose-response data for adverse liver 1682 

effects, dose-response analysis is considered appropriate for assessing neurological toxicity of p-1683 

dichlorobenzene. 1684 

2.3.1.5 Kidney Toxicity 1685 

2.3.1.5.1 Human Evidence 1686 

Epidemiological Studies  1687 

A small occupational cross-sectional study of 75 workers in Taiwan used urinary 2,5-dichlorophenol 1688 

(2,5-DCP) concentration as the exposure biomarker and collected health information via questionnaires 1689 

and biochemical tests. This study found that blood urea nitrogen (BUN), a measure of kidney function, 1690 

was significantly higher in on-site exposed workers (2,5-DCP geometric mean:142.18 μg/L; geometric 1691 

standard deviation: 6.73 μg/L) than non-exposed workers (2,5-DCP geometric mean: 50.41 μg/L; 1692 

geometric standard deviation: 3.87 μg/L) (p < 0.05) (Hsiao et al., 2009). Dow Chemical (1944) 1693 

published a laboratory report to test BUN as a measure of kidney function in 27 working men exposed to 1694 

p-dichlorobenzene and 19 control men in a chlorobenzol plant in Michigan. Average BUN levels were 1695 

approximately 25% higher in chlorobenzene workers compared to control workers and one-third of 1696 

chlorobenzene workers demonstrated higher BUN than any controls. It could not be determined whether 1697 

these slightly increased blood urea values were caused by repeated exposure to p-dichlorobenzene; 1698 

however, this was complicated by various confounders, including potential exposure to other chemicals. 1699 

Because of the limitations of the cross-sectional study design and the lack of confounder adjustment in 1700 

the laboratory report, the association between p-dichlorobenzene exposure and kidney toxicity is weak. 1701 

2.3.1.5.2 Laboratory Animal Evidence 1702 

Oral 1703 

Increased kidney weight was observed in male rats but not mice following 4 days, 4 weeks, or 13 weeks 1704 

of 150 to 300 mg/kg-day p-dichlorobenzene exposure (Lake et al., 1997; Umemura et al., 1992). Renal 1705 

tubular degeneration was observed in male but not female rats in a 13-week gavage study at 300 mg/kg-1706 

day and higher doses in one study (NTP, 1987). Varied signs of kidney damage including dilated tubules 1707 

and desquamated epithelia were observed at 150 mg/kg-day and above in male rats in another 13-week 1708 

study (Bomhard et al., 1988). Oral studies also reported renal swelling and necrosis in male rats at 500 1709 

mg/kg-day (but not ≤100 mg/kg-day) for 4 weeks and increased kidney weight in female rats (males not 1710 

tested) at 188 mg/kg-day or 376 mg/kg-day administered for 138 doses over more than 6 months. The 1711 

target organ for observed cloudy swelling and necrosis in rabbits given 500 or 1000 mg/kg-day (duration 1712 

unknown) was not stated (Hollingsworth et al., 1956). With the exception of Bomhard and colleagues 1713 

study, most of the findings were observed at or above the limit dose and are of limited relevance to risk 1714 

assessment. 1715 

 1716 

Nephropathy was observed in both male and female rats and male mice (and female mice to a lower 1717 

extent) in a two-year chronic study at 300 and 600 mg/kg-day; however, effects on male rats were more 1718 

severe/varied and occurred at 150 mg/kg-day and above (NTP, 1987). Statistics were not performed on 1719 

the histopathology results. An oral two-generation study reported increased kidney weight at 90 mg/kg-1720 

day and above as well as unspecified and unquantified histological evidence of kidney damage (U.S. 1721 

EPA, 2006b; Bornatowicz et al., 1994). 1722 

 1723 

Beagle dogs did not experience significant kidney toxicity following subchronic exposure but did 1724 

demonstrate kidney effects in a longer study as described below. No kidney effects were observed in an 1725 

oral 28-day study up to 300 mg/kg-day besides a non-dose-responsive increase in serum BUN 1726 

(Monsanto Chemical Company, 1995). In a 1-year study, kidney weights were dose-responsively 1727 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4931409
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929963
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912257
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=660594
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2174313
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4909074
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3647
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2174313
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11347130
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11347130
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12340720


PUBLIC RELEASE DRAFT 

April 2026 

Page 41 of 194 

increased at 50 and 75 mg/kg (reduced from 150 mg/kg-day) but only statistically significant at 50 1728 

mg/kg (possibly due to complications from severe toxicity at the highest dose). Excessive vacuolization 1729 

of medullary ray collecting duct epithelium was observed in a single dog in the 10 and 50 mg/kg-day 1730 

dose groups and 4/5 dogs at 75 mg/kg-day dose group along with renal linear discoloration at the two 1731 

highest doses (Monsanto Chemical Company, 1996). 1732 

 1733 

Inhalation 1734 

Inhalation of up to 508.4 ppm p-dichlorobenzene for 10 days in pregnant rats or 800 ppm for 13 days in 1735 

rabbits did not cause any indication of kidney toxicity (ATSDR, 2006; Hayes et al., 1985; Loeser and 1736 

Litchfield, 1983; Dow Chemical, 1982b). A 10-day rat developmental toxicity study observed increased 1737 

relative but not absolute kidney weight at 600 but not 200 ppm in pregnant females (Bushy Run, 1992). 1738 

Kidney weights were not significantly changed in maternal rabbits exposed during pregnancy for 13 1739 

days to as high as 800 ppm (Dow Chemical, 1982b) 1740 

 1741 

Inconsistent changes in beagle kidney weights were observed in a 28-day inhalation study with testing 1742 

up to 329 ppm (Biodynamics, 1991). 1743 

 1744 

In a study performed in accordance with OECD TG 413, α2μ-globulin nephropathy, a mode of action 1745 

not relevant to humans (Swenberg, 1993; U.S. EPA, 1991a) was observed in male rats exposed to 270 1746 

ppm or 600 ppm for 13 weeks while increased absolute or relative kidney weight was observed in male 1747 

rats and mice at the same concentrations (female rats only at 600 ppm). Serum BUN was increased in 1748 

male mice and rats only at 600 ppm (Aiso et al., 2005a). In another study, both male and female rats 1749 

demonstrated increased kidney weights at 158 to 173 ppm over 12 or 139 exposures, but only males 1750 

showed increased kidney weight at 135 exposures to 96 ppm. Histopathological examination following 1751 

repeated exposure to 798 ppm resulted in cloudy swelling of the kidney tubular epithelium in female 1752 

rats. 1753 

 1754 

In a two-generation inhalation rat study, nephrosis was observed alongside increased kidney weight in 1755 

parental male rats at or greater than 66 ppm and in F1 males at 211 and above ppm. Lesions included 1756 

hyaline droplets and other indications of α2μ-globulin nephropathy, and the only renal observations in 1757 

females were elevated kidney weights in the parental but not F1 population at the highest dose of 538 1758 

ppm (Chemical Manufacturers Association, 1989). 1759 

 1760 

A chronic inhalation study in rats reported increased kidney weight in both males and females at 1761 

approximately 500 but not 75 ppm, without histopathological observations at any dose (ICI Ltd, 1980). 1762 

In another chronic inhalation study, increased kidney weight was reported at the high dose of 300 ppm 1763 

in male rats along with mineralization of renal papilla and uroethelium hyperplasia. Increased serum 1764 

BUN was indicated in both sexes, with increased creatinine also reported in males. Kidney weights were 1765 

also increased at the high dose in both male and female mice along with increased serum BUN (Aiso et 1766 

al., 2005b; JBRC, 1995).  1767 

 1768 

The 5-day whole body inhalation study performed in female rodents observed some differential 1769 

significance in absolute (g) and relative (mg/g) kidney weight between the right and left, compared to 1770 

vehicle control. Both kidneys, right and left, displayed some dose-responsiveness, though the right 1771 

kidney only reached a significant increase in relative kidney weight, at 400 ppm. There was a significant 1772 

and dose-responsive increase in both absolute and relative left kidney weight at the two highest doses 1773 

tested in female rats, 400 and 800 ppm (NIEHS, 2025b). There was limited changes or dose-1774 

responsiveness in absolute and relative kidney weight in female mice. No changes in clinical chemistry 1775 

sampled on study day 5, were observed in both female rats and mice (creatinine) except for at the 1776 
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highest concentration tested in rats (800 ppm) for urea nitrogen (BUN; mg/dL)—though this was not 1777 

observed to be dose responsive. Creatinine did show a significant dose-responsive trend in rats; 1778 

however, no single dose group reached statistically significant differences. 1779 

 1780 

Dermal 1781 

In the only repeated-dose dermal toxicity study examining systemic toxicity available, no effects were 1782 

reported for kidney weight or relevant clinical biochemistry changes following 21 days of dermal 1783 

exposure in male and female rats to 75, 150, or 300 mg/kg-day p-dichlorobenzene (Biodynamics, 1990). 1784 

This is not considered a limit dose, so the potential for kidney effects from higher dermal exposures 1785 

cannot be ruled out. 1786 

2.3.1.5.3 Mechanistic and Supporting Evidence 1787 

Multiple studies support an α2μ-globulin-induced mechanism for kidney toxicity that is not relevant to 1788 

humans (Swenberg, 1993; U.S. EPA, 1991a). Neither 500 mg/kg-day of p-dichlorobenzene or 10 mg/kg-1789 

day of positive control lindane given for 4 days induced kidney lesions in NCI-Black-Reiter (NBR) rats, 1790 

which cannot synthesize α2μ-globulin (Dietrich and Swenberg, 1991). That same 500 mg/kg dose 1791 

administered for 7 consecutive days increased protein droplet formation in male but not female rats, and 1792 

radiolabeled p-dichlorobenzene was associated with α2μ-globulin in kidney (ATSDR, 2006; 1793 

Charbonneau et al., 1987). In one of the 13-week oral studies where kidney damage was observed at 150 1794 

mg/kg-day and above, hyaline droplets indicative of α2μ-globulin were observed at the lower 75 mg/kg-1795 

day dose (Bomhard et al., 1988); α2μ-globulin was also associated with male rat kidney nephropathy in 1796 

a 13-week inhalation study (Aiso et al., 2005a). It has been established that this mechanism is not 1797 

relevant to humans (Swenberg, 1993), and therefore the male rat-specific animal data can be ignored 1798 

when considering the weight of scientific evidence. 1799 

 1800 

As for the effects seen in mice and female rats, the mechanism cannot be confidently determined. As 1801 

mentioned above, increased kidney weight was observed only in male rats following 4 days of 150 or 1802 

300 mg/kg-day p-dichlorobenzene, and similar to liver effects, this was associated with increased cell 1803 

proliferation indicated by increased BrdU staining at the higher dose. No apical effects or increased 1804 

proliferation were seen in female rats or mice (Umemura et al., 1992). In another study, BrdU labeling 1805 

of kidney was observed in male rats even at doses below where increased kidney weight was observed 1806 

and not at all in mice (Lake et al., 1997). Thus, there is no evidence connecting cell proliferation to 1807 

kidney toxicity in the relevant sex and species. It is likely that in the same manner as liver effects, 1808 

kidney toxicity results from the action of reactive metabolite intermediates or through the process of 1809 

metabolic conjugation by cytochrome P-450 (Section 2.2.3,(ATSDR, 2006; U.S. EPA, 2006b)). This is 1810 

supported by reduced GSH observed in mouse kidney following oral p-dichlorobenzene exposure 1811 

(Suhua et al., 2010). That same study identified significantly reduced levels of iron, selenium, and zinc 1812 

in kidney, suggesting that similar to liver, nutrient depletion might also play a role. However, there is no 1813 

evidence connecting nutrient levels to any apical kidney outcomes. 1814 

2.3.1.5.4 Summary and Conclusions 1815 

In considering the reasonably available information, EPA has determined that there is indeterminate 1816 

human evidence due to the only relevant data identified being a single small occupational study with a 1817 

null association. The strongest indicators of kidney damage in animals are from male rats, for which the 1818 

likely mechanism of α2μ-globulin induction is not relevant to humans (Swenberg, 1993; U.S. EPA, 1819 

1991a). Therefore, male rat kidney data were not considered for dose-response analysis. Kidney weights 1820 

are increased in female rats and mice across multiple studies however, and histopathological evidence of 1821 

renal damage is observed following chronic exposures in rats, mice, and dogs. Overall, the animal 1822 

evidence is moderate based on indications of relevant adversity in chronic studies, and the mechanistic 1823 
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evidence for kidney toxicity is slight based on limited indirect data associated with kidney toxicity aside 1824 

from α2μ-globulin induction in male rats. Based on the weight of scientific evidence, evidence 1825 

integration judgements, and available dose-response data for adverse kidney effects, dose-response 1826 

analysis was considered appropriate for assessing kidney toxicity. 1827 

 Non-Cancer Dose-Response Assessment 1828 

2.3.2.1 Selection of Studies and Endpoints for Non-Cancer Dose-Response Analysis 1829 

When considering non-cancer PODs for estimating risks for acute, intermediate, and chronic exposure 1830 

scenarios, EPA reviewed the suite of studies in laboratory animals, humans, as well as in vitro systems 1831 

and individual critical hazard outcomes for which sufficient data were available to support dose-1832 

response analysis. From among the database supporting those outcomes, the Agency selected the best 1833 

individual studies and most relevant endpoints based on the following considerations: 1834 

• Overall quality determinations 1835 

• Exposure duration 1836 

• Dose range 1837 

• Relevance (e.g., what species was the effect in, was the study directly assessing the effect, is the 1838 

endpoint the best marker for the tox outcome?) 1839 

• Uncertainties not captured by overall quality determination 1840 

• Endpoint sensitivity 1841 

• Total UF 1842 

• Uncertainty and sensitivity of BMR selection from BMD modeling 1843 

The following sections provide comparisons of the above attributes for studies and hazard outcomes 1844 

with associated health effects for each exposure duration (acute, intermediate, and chronic).  1845 

2.3.2.1.1 Consideration of Transcriptional PODs 1846 

As discussed in Section 2.3.1, EPA collaborated with the DTT of NIEHS on a 5-day, whole-body 1847 

inhalation toxicology and genomic dose-response study (U.S. EPA, 2026m; NIEHS, 2025a). In this 1848 

study, female SD rats and female B6D2F1/Crl mice were exposed to 0, 1, 10, 50, 150, and an additional 1849 

group in the rat study received 800 ppm p-dichlorobenzene.  1850 

 1851 

In the Draft Human Health and Environmental Hazard Assessment for o-Dichlorobenzene (U.S. EPA, 1852 

2026h), EPA derived transcriptional PODs (tPODs) based on Molecular Signatures Database (MSigDB) 1853 

gene set collections associated with the cell damage- and cell death-relevant “supersets” of apoptosis, 1854 

cytotoxicity, inflammation, oxidative stress, and necrosis. This approach differs from the established 1855 

process described in the Standard Methods for Development of EPA Transcriptomic Assessment 1856 

Products (ETAPs) (U.S. EPA, 2024b), where the ETAP tPOD is defined as the dose below which 1857 

coordinated transcriptional changes do not significantly differ from background and therefore do not 1858 

indicate a toxicity of concern. This approach does not consider mechanism, adversity, or known modes 1859 

of action for observed toxic responses. The standard ETAP method may work well for chemicals with 1860 

no existing or publicly available repeat dose toxicity studies from which to inform mechanism or derive 1861 

toxicity values using traditional risk assessment methods. However, in order to derive tPODs more 1862 

relevant to the identified adverse outcomes, a new approach was developed by EPA whereby a tPOD 1863 

was derived based on gene sets associated with the cell damage-associated “supersets” of apoptosis, 1864 

cytotoxicity, necrosis, oxidative stress, or inflammation (U.S. EPA, 2026h, m). 1865 

 1866 

EPA utilized this same approach to derive putative tPODs for p-dichlorobenzene, which can be found in 1867 

Appendix C of the draft TSD Supporting Hazard Characterization of 1,2-Dichlorobenzene and 1,4-1868 
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Dichlorobenzene Using an EPA 5-Day in Vivo Transcriptomic Study Protocol (U.S. EPA, 2026m). 1869 

However, in contrast with the Draft Human Health and Environmental Hazard Assessment for o-1870 

Dichlorobenzene (U.S. EPA, 2026h), EPA has determined that the resulting values are not appropriate to 1871 

consider for risk assessment of p-dichlorobenzene. As discussed in Section 2.3.1, the hazard database for 1872 

p-dichlorobenzene is thorough and robust, with a complete set of FIFRA toxicity studies available in 1873 

addition to other studies identified through the systematic review process (Section 2.1.1). Analysis of the 1874 

tPOD results indicates that the lower 95%tile benchmark dose (BMDL) MSigDB combined superset 1875 

tPOD values for p-dichlorobenzene are not very sensitive compared to apical findings, and there is 1876 

inadequate gene set coverage of the combined supersets relative to the full landscape of MSigDB gene 1877 

sets to have sufficient confidence in deriving a 5th percentile BMDL (U.S. EPA, 2026m). Additionally, 1878 

the mechanistic information available for p-dichlorobenzene endpoints suggests that a broader 1879 

interaction of various cellular processes beyond the five superset terms may play a role (e.g., including 1880 

nutrient levels and hormonal signaling). Finally, there are no acute endpoints identified for p-1881 

dichlorobenzene that are relevant to liver, kidney, or lung identified from studies with similar duration 1882 

as the 5-day transcriptomic study. For these reasons, use of tPODs were not further considered in this 1883 

hazard assessment. Instead, transcriptomic results from this study were only used to support the cancer 1884 

mode of action analysis (Section 2.4.3). 1885 

2.3.2.1.2 Non-Cancer Points of Departure (PODs) for Acute Exposures 1886 

POD options for acute exposures are presented in Table 2-2. Acute POD options that were considered, 1887 

did not need to be from single-day studies; however, the identified endpoints must be relevant to a single 1888 

dose or day of exposure with a reasonable expectation of a similar dose-response as the original study 1889 

duration. The route listed refers to the route of administration in the study; extrapolation across routes 1890 

was employed in some circumstances for risk assessment. 1891 

 1892 

Table 2-2. Candidate Endpoints for Acute Exposure Scenarios 1893 

Study 
Hollingsworth et al. 

(1956) 

Chemical Manufacturers 

Association (1989) 

Monsanto Chemical 

Company (1994a) 
Bornatowicz et al. (1994) 

Route Inhalation Oral 

Endpoint/ 

Effects 

Ocular and nasal 

irritation 

Reduced pup survival; reduced pup 

body weight; maternal toxicity 

↓ motor activity and 

grip strength 

(fore+hindlimb) 

Delayed eye opening; 

increased pup deaths 

Duration A single workday Two-generation 4 hours Two-generation 

LOEL 80 ppm 538 ppm 600 ppm 90 mg/kg-d 

NOAEL 45 ppm 211 ppm 200 ppm 30 mg/kg-d 

Species Humans Rats Rats Rats 

Notes Based on qualitative 

reporting of 

symptoms in response 

to a range of air 

concentrations. 

Results consistent in both 

generations; reduced survival at 

birth (F2) and day 4 (F1+F2); 

however, maternal toxicity occurred 

at the same or lower concentrations 

than offspring effects. 

Effects significant 

only in males with 

steep dose-response 

between middle and 

high dose. 

Uncertain whether the 

neuromuscular effects 

would present at a similar 

dose from acute exposure. 

Pup deaths not reported on 

per-litter basis. 

OQD Not evaluated High High High – neuromuscular 

developmental outcomes; 

Medium – pup deaths 

Green highlighting indicates the inhalation study will be considered further for dose-response analysis. 

Blue highlighting indicates the oral study will be considered further for dose-response analysis. 

OQD = Overall quality determination from systematic review. 

 1894 

  1895 
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Single-Dose and Short-Term Oral Studies 1896 

EPA identified only a small set of studies of acute duration animal studies that exposed rodents via a 1897 

single dosing event. A few studies reported single indications of liver effects following elevated single 1898 

doses above 450 mg/kg but without any corroborating additional evidence of toxicity (Umemura et al., 1899 

1996; Allis et al., 1992; Eldridge et al., 1992). One week of exposure increased liver weight at 300 1900 

mg/kg-day and above in mice and rats but again without other signs of toxicity (Lake et al., 1997). Liver 1901 

toxicity is usually associated with repeated exposures and results from progressive damage over time 1902 

because the liver’s capacity for compensation, repair, and regeneration must be overwhelmed to result in 1903 

toxicity; a single dose would not be expected to consistently result in any sustained adverse effects. Allis 1904 

et al., (1992) only observed animals one day after dosing so any decreased response over time could not 1905 

be identified. In other studies, serum ALT was increased from 1,800 mg/kg (Umemura et al., 1996) but 1906 

not 600 mg/kg (Eldridge et al., 1992) (although liver weight was increased), with effects peaking at 1-2 1907 

days after treatment and decreased or fully resolved after that. Therefore, liver changes in p-1908 

dichlorobenzene from a single dose (or a few doses) are considered mild, reversible, not adverse under 1909 

realistic exposure levels, and are therefore not considered for derivation of an acute oral POD. 1910 

 1911 

Acute Exposure to p-Dichlorobenzene in Air 1912 

The guideline acute neurotoxicity study in rats, in which SD rats were exposed to p-dichlorobenzene 1913 

vapor for 4 hours via whole-body exposure (Monsanto Chemical Company, 1994a) provides relevant 1914 

data for deriving an acute inhalation POD. Decreased motor activity and grip strength were measured at 1915 

the LOEL and highest dose tested of 600 ppm with a lowest NOAEL of 200 ppm. There were no 1916 

statistically significant effects at 50 ppm.  1917 

 1918 

The occupational survey results from (Hollingsworth et al., 1956) indicating ocular and nasal irritation at 1919 

concentrations of 50 ppm and above are applicable to any exposure duration, including acute. In fact, 1920 

irritation effects are most relevant to peak exposures (e.g., from short-term tasks or immediate exposure 1921 

upon entering a room) as opposed to a 24-hour average. The ATSDR assessment (2006) used the odor 1922 

threshold representing a NOAEL for irritation in workers (Hollingsworth et al., 1956) as the basis of 1923 

their acute minimum risk level (MRL). An odor threshold for p-dichlorobenzene is likely not an adverse 1924 

effect considering the intended uses in moth balls and deodorizer products; this level is not considered 1925 

appropriate for extrapolating acute risk for p-dichlorobenzene. Instead, EPA considered using the 1926 

average air concentration without complaints of irritation (45 ppm) as a NOAEC and the lowest 1927 

concentration of the range for which “painful irritations of the eyes and nose were recorded” (80 ppm) 1928 

as a LOAEC; however, that study contains insufficient details on the air monitoring methodology and 1929 

the results are only described qualitatively without calculated statistics. Therefore, this study was not 1930 

considered further for dose-response analysis. 1931 

 1932 

Developmental Toxicity Studies 1933 

In addition to single-exposure studies, certain endpoints from repeated exposure studies can be 1934 

considered relevant for evaluating single exposures. Evidence indicates that certain developmental 1935 

effects may result from a single exposure during a critical window of development (Davis et al., 2009; 1936 

Van Raaij et al., 2003), consistent with EPA’s Guidelines for Developmental Toxicity Risk Assessment 1937 

(U.S. EPA, 1991b). Irreversible and binary developmental outcomes such as abortions and teratogenic 1938 

effects typically fall within this classification.  1939 

 1940 

Inhalation: Decreased survival at 538 ppm in both F1 and F2 pups of the two-generation inhalation 1941 

study (Chemical Manufacturers Association, 1989) was associated with maternal toxicity in the form of 1942 

reduced body weight and clinical signs of toxicity at the same concentration or below, indicating that 1943 

effects on offspring are likely resulting from progressive maternal outcomes The study also reported 1944 
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reduced pup body weight gain during lactation which could also contribute to postnatal mortality. 1945 

Adding to the uncertainty, the authors reported some problems quantifying air concentrations and some 1946 

evidence of p-dichlorobenzene precipitation out of the air which contributes to uncertainty in the study. 1947 

For these reasons, the developmental outcomes from (Chemical Manufacturers Association, 1989) are 1948 

not considered to be reliable indicators of adverse outcomes following a single exposure. 1949 

 1950 

Oral: The increased extra ribs observed in the oral developmental toxicity study by Giavini et al., (1986) 1951 

are typically considered to be non-adverse variations or are associated with repeated-dose effects such as 1952 

reduced body weight (Desesso and Scialli, 2018). This endpoint is not considered acute and was not 1953 

considered further in deriving acute PODs. Postnatal death of offspring at 90 mg/kg and higher in the 1954 

oral two-generation study (Bornatowicz et al., 1994) could reasonably be considered relevant to acute 1955 

exposures as they were not associated with maternal toxicity or any repeated-dose outcome. The study 1956 

was in German but EPA obtained an English translation. Based on the translation, pup body weight and 1957 

survival was only reported on a per-pup basis, without any statistics across litters. According to EPA’s 1958 

Guidelines for Developmental Toxicity Risk Assessment (U.S. EPA, 1991b) all fetal outcomes should be 1959 

reported on a per-litter basis since exposure was to the individual dam. This gets more complicated for a 1960 

multi-generational study where the neonatal pups are also individually exposed, but the most sensitive 1961 

exposure time was in utero and therefore consideration of inter-litter variation remains important. EPA 1962 

does not have access to the raw dataset with individual animal data, inhibiting the ability to perform an 1963 

independent analysis. Nevertheless, the Agency considered these effects for POD derivation given their 1964 

severity (i.e., death) and relevance to acute exposures (Davis et al., 2009; Van Raaij et al., 2003). 1965 

Because the study was performed in accordance with OECD test guideline 416, it is considered reliable 1966 

despite limitations in data reporting and/or availability. In order to overcome the limitation in data 1967 

reporting, the statistical approach of Rao-Scott transformation was applied (Section 2.3.2.2.3) to 1968 

approximate the intralitter correlation that could not be directly derived from summary statistics. 1969 

 1970 

Neuromuscular effects reported in the study such as delayed eye opening, decreased rearing, 1971 

neuromuscular deficiencies, dry/scaly skin, and tail restriction are reported on a per-litter basis; 1972 

however, it is uncertain whether these effects could result from a single exposure. The F2 generation is 1973 

more sensitive, but the study design and available physical-chemical properties do not provide sufficient 1974 

information to conclude whether toxicity is increased through repeated exposures and/or across 1975 

generations. Among the F1 population there was a statistically significant delay at the highest dose of 1976 

270 mg/kg for the average 1st day occurrence of eye opening and a reduced percent of pups per litter 1977 

with a positive reaction in the “draw up test” (alternatively translated as a rearing test). Rearing indicates 1978 

exploratory behavior, while decreased rearing in offspring is consistent with the muscular deficits 1979 

observed in (Monsanto Chemical Company, 1994a), which included decreased motor activity. Although 1980 

effects on rearing specifically were not observed in the acute neurotoxicity study (Monsanto Chemical 1981 

Company, 1994a), increased rearing was reported in the subchronic neurotoxicity study (Monsanto 1982 

Chemical Company, 1994b). Especially given the questionable translation and interpretation, decreased 1983 

rearing is not considered a reliable adverse outcome for POD derivation relative to the other available 1984 

endpoints. Delayed eye opening will be considered for dose-response modeling despite the uncertainty 1985 

in the relevance to acute exposure. 1986 

 1987 

Summary 1988 

Based on analysis of all potentially relevant outcomes, acute neurotoxicity results from (Monsanto 1989 

Chemical Company, 1994a) and the developmental outcomes from (Bornatowicz et al., 1994) were 1990 

considered for deriving the acute POD). Relevant endpoints from these two studies were analyzed for 1991 

dose-response modeling (see Section 2.3.2.2.2 and 0). 1992 
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2.3.2.1.3 Non-Cancer Points of Departure (PODs) for Intermediate Exposures 1993 

Given the large database of repeat-dose studies across various species via both inhalation and oral 1994 

administration, there are a large number of studies that could be considered for intermediate exposure 1995 

risk assessment. EPA focused on studies of sufficient robustness and sensitivity and did not consider 1996 

results only observed at high concentrations/doses. Based on the dose range across the database, the 1997 

Agency selected 500 mg/kg-day and 300 ppm as maximum LOEL cutoffs (regardless of adversity) for 1998 

considering intermediate endpoints for dose-response analysis. Among these studies, only outcomes 1999 

with a medium or high OQD were considered for use in risk estimation. The options are presented above 2000 

in Table 2-3, split by administration route, and arranged from shortest-to-longest duration. As stated for 2001 

acute exposures, the route listed refers to the route of administration in the study. Endpoints selected for 2002 

dose-response analysis are highlighted in green or blue (details below). 2003 

 2004 

The occupational survey results from (Hollingsworth et al., 1956) not used for acute exposure were also 2005 

not considered for intermediate exposure scenarios. Additionally, any effects on kidneys in male rats 2006 

were excluded due to an assumed α2μ-globulin-induced mechanism that is not relevant to humans 2007 

(Section 2.3.1.5.3).  2008 
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Table 2-3. Candidate Endpoints for Intermediate Exposure Scenarios 2009 

Study 
Bushy Run 

(1992) 

Biodynamics 

(1991) 

Aiso et al. 

(2005a) 

Chemical 

Manufacturers 

Association (1989) 

Hollingswort

h et al. (1956) 

Giavini et al. 

(1986) 

Monsanto 

Chemical 

Company 

(1995) 

Lake et al. 

(1997) 

Monsanto 

Chemical 

Company 

(1996) 

Bornatowicz et 

al. (1994) 

Route Inhalation Oral 

Endpoint

/Effects 

↓ maternal 

weight + 

weight gain; 

delayed 

skeletal 

ossification 

↑ liver weight; 

serum 

biochemistry; 

lipidosis 

↑ liver weight, 

hypertrophy, 

serum 

biochemistry; ↑ 

kidney weight  

↑ liver weight; 

centrilobular 

hypertrophy;  

↑ kidney weight; 

reduced pup survival, 

maternal toxicity 

↑ liver weight 

+ severe 

damage; lung 

effects; 

increased 

kidney weight 

+ swelling 

↓ maternal 

weight gain; ↑ 

skeletal 

defects; ↓ fetal 

body weight 

↑ liver weight; 

serum 

biochemistry 

↑ liver 

weight; 

centrilobular 

hypertrophy 

↑ serum 

biochemistry 

Delayed eye 

opening,  

↓ rearing; 

increased pup 

deaths 

Duration 10 days 28 days 13 weeks Two-generation, 13 

weeks for F0 males) 

126–138 days 10 days 28 days 13 weeks 6 months Two-generation 

LOEL 203 ppm 168 ppm 270 ppm 211 ppm 96 ppm 500 mg/kg-d 75 mg/kg-d 150 mg/kg-d 50 mg/kg-d 90 mg/kg-d 

NOAEL 49 ppm 58 ppm 120 ppm 66 ppm None 250 mg/kg-d 25 mg/kg-d 75 mg/kg-d 10 mg/kg-d 30 mg/kg-d 

Species Rats Dogs Rats, mice Rats Rats, guinea 

pigs 

Rats Dogs Rats Dogs Rats 

Notes Delayed 

skeletal 

ossification 

at 600 ppm. 

40% ↑ liver 

weight in males 

at LOEL, ≈50% 

↑ ALP at same 

dose in males, 

other biochem 

+ lipidosis at 

329 ppm; males 

more sensitive. 

ALT/AST ↓ in 

rats; hyper-

trophy seen at 

LOEL in both 

species; relative 

liver weight ↑ 

at all doses in 

male mice. 

Hypertrophy and ↑ 

kidney weight seen at 

538 ppm; relative 

liver weight ↑ at all 

doses in males. 

Neonatal mortality at 

538 ppm; maternal 

effects at 211 ppm. 

Only liver 

weight 

quantified; 

histopathology 

seen at ≥ 158 

ppm; lung 

effects were 

inconsistent. 

Reduced fetal 

weight at ≥ 

1,000 mg/kg-

d; no other 

effects on 

fertility or F1 

pups. 

Range-finding 

study to the 1-

year study; ALP 

↑ in females at 

75 mg/kg-d, 

ALT/ AST ↑ in 

males at 150 

mg/kg-d (males 

died at 300 

mg/kg-d). 

Liver weight 

↑ at 75 

mg/kg-d only 

at 4 weeks; 

hypertrophy 

in mice + rats 

at higher 

dose. 

Increased 

ALP, 

increased 

GGT at higher 

dose during 

interim 

measurements 

of a 1-year 

study. 

Uncertain 

whether the 

neuromuscular 

effects would 

present at a 

similar dose 

from acute 

exposure. Pup 

deaths not 

reported on per-

litter basis. 

OQD High High High High Medium High High Medium  High High – 

neuromuscular 

outcomes; 

Medium – pup 

deaths 

Green highlighting indicates the inhalation study will be considered further for dose-response analysis. 

Blue highlighting indicates the oral study will be considered further for dose-response analysis. 

OQD = Overall quality determination from systematic review. 

2010 
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Liver/Kidney Effects 2011 

Liver effects were the most common hazard outcome among the POD candidates, with increased liver 2012 

weight typically representing the LOEL effect.  2013 

 2014 

Inhalation: The intermediate-duration inhalation study with the lowest LOEL is (Hollingsworth et al., 2015 

1956), which only reported increased liver weight in female guinea pigs (and increased kidney weight in 2016 

male rats) at the lowest dose tested in the absence of any other effects. Because a relatively low number 2017 

of animals was used, histopathology or signs of organ damage were only qualitatively reported, and the 2018 

study is 70 years old, it is not reliable for dose-response analysis (including the oral study results)— 2019 

especially given the abundance of other options.  2020 

 2021 

Three other inhalation studies (Aiso et al., 2005a; Biodynamics, 1991; Chemical Manufacturers 2022 

Association, 1989) observed increased liver weight, with increased kidney weight also observed in two 2023 

of the three studies. For (Aiso et al., 2005a) and (Chemical Manufacturers Association, 1989) however, 2024 

the only other indication of liver effects observed was hypertrophy, which does not suggest toxicity on 2025 

its own. Additionally, there is some uncertainty in whether non-cancer liver effects in rodents would be 2026 

directly applicable to humans based on evidence for a non-human-relevant MOA for liver cancer 2027 

(Section 2.4.3), despite that the MOA is specific to cancer. The results from (Aiso et al., 2005a) are 2028 

notable because increased liver weight was much more stark in mice while rats demonstrated a decrease 2029 

in serum liver markers; this parallels increased incidence of liver cancer only in mice but not rats 2030 

(Section 2.4.1). The liver outcome data from dogs in (Biodynamics, 1991) more clearly demonstrates an 2031 

adverse effect and has less concerns about the specificity related to the CAR pathway; PB (a well-2032 

studied CAR activator and carcinogen in rodents) had minimal effect on canine CAR in vitro with 2033 

overall activation of CAR-dependent CYPs activated several fold more strongly in rats (Pinne et al., 2034 

2016). Additionally, dogs have demonstrated greater concordance than rodents with human outcomes in 2035 

some pharmaceutical testing, suggesting that they are likely more representative of human health 2036 

responses (Olson et al., 2000). 2037 

 2038 

Oral: Oral studies indicated that liver toxicity was the key endpoint for two out of three studies and 2039 

developmental toxicity in the other. As with the inhalation studies, the dog studies (Monsanto Chemical 2040 

Company, 1996, 1995) are the most sensitive of the oral studies with multiple signs of adversity 2041 

including increased liver weight and serum liver enzymes. Toxicity in the 28-day, range-finding study in 2042 

dogs (Monsanto Chemical Company, 1995) is more potent than responses observed in rats exposed for 2043 

13 weeks in (Lake et al., 1997), despite the shorter exposure, further indicating that dogs are the more 2044 

sensitive species. Intermediate 6-month clinical biochemistry results from (Monsanto Chemical 2045 

Company, 1996) are even more potent than the range-finding study. Meanwhile, Lake et al. did observe 2046 

increased liver weight at 75 mg/kg-d at 4 weeks but in the absence of other toxicity indicators; the 2047 

LOEL dose also became a NOAEL by the 13-week timepoint.  2048 

 2049 

Rodent studies consistently only report increased liver/kidney weight, which is not adverse in the 2050 

absence of other effects as it may merely indicate an adaptive response. Both inhalation and oral canine 2051 

studies report increased serum liver enzymes at the same concentrations/doses that cause increased liver 2052 

weight, with increased ALP (associated with biliary damage) observed in all three studies. Liver 2053 

histopathology is also observed at a higher concentration in (Biodynamics, 1991) and at the 1-year 2054 

terminal timepoint of (Monsanto Chemical Company, 1996). The canine studies are therefore considered 2055 

the most robust and sensitive studies for dose-response analysis of liver toxicity. Kidney data in these 2056 

studies is insufficient to consider for intermediate POD derivation. 2057 

  2058 
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Reproductive/Developmental Outcomes 2059 

Inhalation: The reproductive and developmental outcomes from (Chemical Manufacturers Association, 2060 

1989) on maternal weight, pup weight, and pup deaths are all endpoints under consideration for dose-2061 

response analysis; the most robust and sensitive endpoint among these outcomes will be the focus of the 2062 

dose-response analysis. While these outcomes were not considered applicable to acute exposures, the 2063 

study duration and exposure frequency is directly applicable to intermediate exposure scenarios. The 2064 

liver effects from this study were dismissed; however, as a two-generation reproductive toxicity study 2065 

the developmental outcomes are highly relevant. Additionally, individual pup-level data is available 2066 

which allows nested dose-response analysis and increases statistical confidence in the subsequent dose-2067 

response modeling. 2068 

 2069 

Reduced maternal weight and weight gain from (Bushy Run, 1992) are potentially adverse endpoints 2070 

that can be dose-response modeled. Although maternal weight gain on its own is not generally adverse, 2071 

indications of overall reduced body weight and corroborating evidence of maternal toxicity from 2072 

(Chemical Manufacturers Association, 1989) supports this endpoint. As previously discussed, delayed 2073 

skeletal ossification (also observed in this study) is typically resolved post-birth and is not considered 2074 

adverse (Desesso and Scialli, 2018); this will not be modeled for dose-response.  2075 

 2076 

Oral: Developmental effects from (Giavini et al., 1986) were observed only at much higher doses (≥500 2077 

mg/kg-d), with only reduced maternal weight gain and the aforementioned delayed skeletal ossification 2078 

seen at 500 mg/kg-d. With several other developmental toxicity studies available covering both oral and 2079 

inhalation exposure, this study was excluded from further consideration.  2080 

 2081 

In the two-generation study (Bornatowicz et al., 1994) several deficiencies in reflex and reactions were 2082 

observed in the F2 generation (only delayed eye opening in F1) at 270 mg/kg-d. Neonatal mortality in 2083 

the form of pup deaths from days 1 to 4 that applied to acute exposure are also applicable to 2084 

intermediate scenarios. 2085 

 2086 

Summary 2087 

Liver toxicity endpoints from the three dog studies (the inhalation study (Biodynamics, 1991) and two 2088 

oral studies (Monsanto Chemical Company, 1996, 1995)) will be dose-response modeled for liver 2089 

weight and clinical biochemistry. Developmental/reproductive outcomes such as reduced maternal 2090 

weight/weight gain from (Bushy Run, 1992), along with maternal weight, pup weight, and pup deaths 2091 

from (Chemical Manufacturers Association, 1989), are considered appropriate intermediate endpoints 2092 

for dose-response analysis. 2093 

2.3.2.1.4 Non-Cancer Points of Departure for Chronic Exposures 2094 

Several longer-term studies that are candidates for chronic PODs. Because there are many chronic POD 2095 

candidates that may include both the short-term and subchronic studies along with more sensitive 2096 

longer-term and chronic studies, EPA focused on studies of sufficient robustness and sensitivity and did 2097 

not consider results only observed at high concentrations/doses. On the dose range across the database, 2098 

EPA selected 150 mg/kg-day and 250 ppm as maximum LOEL cutoffs (regardless of adversity) for 2099 

considering chronic endpoints for dose-response analysis. EPA additionally only considered study 2100 

durations exceeding 28 days. The endpoints from chronic exposure in (Hollingsworth et al., 1956) were 2101 

not considered for the same reasons described in Section 2.3.2.1.3: Most results were qualitative only 2102 

and sample sizes were small. The remaining candidates are presented below in Table 2-4, with the 2103 

endpoints selected for dose-response analysis highlighted in blue. 2104 

 2105 
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Table 2-4. Candidate Endpoints for Chronic Exposure Scenarios 2106 

Study 

(Chemical 

Manufacturers 

Association, 

1989) 

Aiso et al. 

(2005b); JBRC 

(1995) 

Elliott et al. (2006) 
Lake et al. 

(1997) 

Bornatowicz et 

al. (1994) 

Monsanto 

Chemical 

Company 

(1996) 

Route Inhalation/environmental Oral 

Endpoint ↑ liver weight; 

centrilobular 

hypertrophy in 

parental males; 

reduced pup 

survival, maternal 

toxicity 

Olfactory/ 

respiratory 

histopathology; 

testis 

mineralization 

↓ pulmonary 

function 

↑ liver weight; 

centrilobular 

hypertrophy 

Delayed eye 

opening,  

↓ rearing; 

increased pup 

deaths 

↑ liver/kidney 

weight, 

histopathology, 

serum 

biochemistry 

Duration 13 weeks (for F0 

males) 

2 years Chronic /  

Environmental 

13 weeks two-generation 1 year 

LOEL 211 ppm 75 ppm N/A (-β) 150 mg/kg-d 90 mg/kg-d 50 mg/kg-d 

NOAEL 66 ppm 19.8 ppm N/A 75 mg/kg-d 30 mg/kg-d 10 mg/kg-d 

Species Rats Rats (most 

sensitive), mice 

Humans Rats Rats Dogs 

Notes Hypertrophy 

observed at 538 

ppm; males more 

sensitive for liver 

weight. Neonatal 

mortality at 538 

ppm; maternal 

effects at 211 

ppm. 

Liver and kidney 

effects observed at 

highest dose of 

300 ppm. 

Significant 

negative 

association for 

FEV1 and MMEFR 

with blood p-

dichlorobenzene. 

Liver weight ↑ at 

75 ppm only at 4 

weeks, 

hypertrophy in 

mice + rats. 

Uncertain whether 

the neuromuscular 

effects would 

present at a 

similar dose from 

acute exposure. 

Pup deaths not 

reported on per-

litter basis. 

Liver more 

sensitive with 

multiple 

indications of 

adversity at 

LOAEL. 

OQD High High High Medium High – 

neuromuscular 

outcomes; 

Medium – pup 

deaths  

High 

Green highlighting indicates the inhalation study will be considered further for dose-response analysis. 

Blue highlighting indicates the oral study will be considered further for dose-response analysis. 

OQD = Overall quality determination from systematic review. 

 2107 

Inhalation Studies 2108 

Among the inhalation studies, Chemical Manufacturers Association (1989) is a high-quality study that 2109 

reported liver toxicity and reproductive outcomes with similar LOEL/NOAEL levels in a 13-week rat 2110 

study, however it is less than chronic duration unlike the chronic bioassay (Aiso et al., 2005b; JBRC, 2111 

1995). As discussed in Section 2.3.2.1.3, the liver outcomes are not considered adverse but the 2112 

reproductive outcomes are applicable to repeated-dose exposures. 2113 

 2114 

The Aiso/JBRC study identified olfactory tissue and testis as the most sensitive endpoints, with liver and 2115 

kidney effects only at higher dose levels. Evidence of male reproductive toxicity is not observed in any 2116 

other studies, with no effects on male reproductive organs reported in any other studies. There is also 2117 

limited evidence of altered endocrine signaling (Appendix B.1) that would not be expected to result in 2118 

testis mineralization including multiple two-generation studies. Therefore, only the respiratory tissue 2119 

effects will be considered for dose-response analysis. 2120 

 2121 
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An epidemiological study also identified the respiratory system as a target of p-dichlorobenzene, with a 2122 

statistically significant negative linear association identified between FEV1 and MMEFR with blood p-2123 

dichlorobenzene levels (Elliott et al., 2006). A PBPK model is not available for translating blood 2124 

concentrations into external ambient air exposures, though a biomonitoring study cited in (Elliott et al., 2125 

2006) demonstrates a linear relationship between blood and air exposure levels that can be used to 2126 

closely approximate equivalent external exposures (Jia et al., 2012; Lin et al., 2008; Sexton et al., 2005). 2127 

However, this study is cross-sectional and is not reliable for establishing a causal relationship between 2128 

p-dichlorobenzene exposure and health outcomes. Therefore, the results of this study are only 2129 

considered for weight of scientific evidence support of adverse respiratory effects from p-2130 

dichlorobenzene (see Section 2.3.2.2.5). 2131 

 2132 

Oral Studies 2133 

The chronic rodent study by NTP (1987) only reported relevant effects at 300 mg/kg-day and higher and 2134 

therefore was not considered for POD derivation based on the established 150 mg/kg-day cutoff. This is 2135 

in contrast with the shorter (Lake et al., 1997) study that identified increased liver weight at 75 mg/kg-2136 

day after 4 weeks with increased liver weight and hypertrophy at 150 mg/kg-day after 13 weeks. These 2137 

effects are not considered adverse without other indications of tissue damage; the overall database 2138 

indicates that liver/kidney is not a sensitive target of p-dichlorobenzene in rodents for non-cancer 2139 

toxicity. 2140 

 2141 

The same sensitive intermediate endpoint from the two-generation study (Bornatowicz et al., 1994) was 2142 

also considered for chronic scenarios. For organ toxicity, beagle dogs are the most sensitive species to 2143 

chronic effects at least via oral exposure, with liver and kidney effects seen following 1 year of exposure 2144 

to 25 mg/kg-day and above (Monsanto Chemical Company, 1996). The 1-year dog study is high quality 2145 

and represents the most robust and sensitive chronic oral study for deriving PODs. Limited evidence 2146 

suggests that canines may be more representative of human toxicokinetics (Pinne et al., 2016; Olson et 2147 

al., 2000); however, there is uncertainty about the extrapolation to humans remains without any data on 2148 

dog metabolism of p-dichlorobenzene specifically and given their increased sensitivity compared to 2149 

rodents.  2150 

2.3.2.2 Dose-Response Derivation for Non-Cancer Hazard Values  2151 

As described in Section 2.3.2.1, EPA considered studies for p-dichlorobenzene for quantitative dose 2152 

response analysis. The sections below describe the steps used to derive the hazard values used to 2153 

calculate risks for p-dichlorobenzene. These adjustments are used to derive the human equivalent 2154 

concentration/dose (HEC/HED) based on differences in toxicokinetics and exposure duration/frequency 2155 

between humans and rodents. 2156 

2.3.2.2.1 Duration, Dosimetric, and Unit Adjustments for Inhalation Hazard 2157 

Values 2158 

Dosimetric Adjustments 2159 

In the absence of a PBPK model or other chemical specific data-derived extrapolation factors (U.S. 2160 

EPA, 2014), EPA follows established guidance for dosimetric adjustments across species (U.S. EPA, 2161 

2012a, 1994). The dosimetry for health effects from inhalation exposure to a gas differs for portal of 2162 

entry and systemic (extrarespiratory effects) (U.S. EPA, 2012a, 1994). For systemic effects, the 2163 

dosimetry is driven by the relative blood:air partition coefficient, which defaults to 1.0 because the 2164 

rodent coefficient is almost always larger, and no information specific to p-dichlorobenzene could be 2165 

found for rodents or dogs. Therefore, no dosimetric adjustment is required for systemic effects. 2166 

 2167 
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For portal of entry effects in the respiratory region, delivered dose is based on the relative differences in 2168 

the ratio of breathing rate (otherwise called ventilation rate) to surface area of a given region (known as 2169 

the regional gas dose ratio, RGDR). The single portal of entry effect selected for dose-response 2170 

modeling is olfactory histopathology and inflammation from (Aiso et al., 2005b; JBRC, 1995). This 2171 

effect was observed in the nasal area, which is considered the extrathoracic region. The RGDR is 2172 

calculated for this effect using the following equation (using parameters for rats, which were amenable 2173 

to modeling): 2174 

 2175 

Equation 2-1. RGDR Adjustment for Extrathoracic Portal of Entry Effects 2176 

 2177 

𝑅𝐺𝐷𝑅𝐸𝑇 =
(𝑉𝐸/𝑆𝐴𝑟)𝐴
(𝑉𝐸/𝑆𝐴𝑟)𝐻

= 0.22 2178 

Where: 2179 

 VE-A = Daily breathing rate of rats (0.24 m3/day, from (U.S. EPA, 1994)) 2180 

VE-H = Updated daily breathing rate of humans (14.7 m3/day, from (U.S. EPA, 2011a) 2181 

SAr-A = Rat extrathoracic surface area (15 cm2, from (U.S. EPA, 1994)) 2182 

SAr-H = Human extrathoracic surface area (200 cm2, from (U.S. EPA, 1994)) 2183 

 2184 

The RGDR value of 0.22 was applied to the duration-adjusted air concentration from (Aiso et al., 2005b; 2185 

JBRC, 1995) to obtain the human equivalent concentration (HEC). 2186 

 2187 

Duration Adjustments 2188 

The studies selected for dose-response assessment utilized differing exposure durations and frequencies. 2189 

In order to better compare results across studies and exposure scenarios, administered concentrations 2190 

were linearly adjusted to continuous exposure (24 h/day, 7 days/week) prior to POD derivation based on 2191 

Haber’s Law (Haber, 1924) and in accordance with (U.S. EPA, 1994) using the following equation: 2192 

 2193 

Equation 2-2. Adjusting Average Exposure Concentration or Inhalation POD for Differences in 2194 

Days and Hours of Exposure Across Scenarios 2195 

 2196 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠𝑡𝑢𝑑𝑦 × (
𝐷𝑆
7
) × (

𝐻𝑆
24
) 2197 

Where: 2198 

Concentrationcontinuous = Adjusted air concentration/inhalation POD  2199 

Concentrationstudy = Air concentration/inhalation POD from study dataset 2200 

Ds   = Days per week/year exposure in study dataset 2201 

Hs   = Hours per day exposure in study dataset 2202 

 2203 

When a POD is applied to acute exposures, days per week are not adjusted. 2204 

 2205 

Unit Conversion: It is often necessary to convert between ppm and mg/m3 due to variation in 2206 

concentration reporting in studies and the default units for different OPPT models. Therefore, EPA 2207 

presents all inhalation hazard values in Sections 2.3.2.2.5 and 2.3.2.3 in both units. The following 2208 

equation presents the conversion of the HEC from mg/m3 to ppm.  2209 

  2210 
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Equation 2-3. Converting ppm to mg/m3  2211 

 2212 

HEC (mg/m3) = HEC (ppm) × (molecular weight / 24.453) 2213 

2.3.2.2.2 Dosimetric and Duration Adjustments for Oral/Dermal Hazard Values 2214 

 2215 

Dosimetric Adjustments 2216 

In the absence of a PBPK model or other chemical specific data-derived extrapolation factors (U.S. 2217 

EPA, 2014), EPA adjusted oral HEDs using allometric BW3/4-scaling based on guidance from (U.S. 2218 

EPA, 2011b). Allometric scaling accounts for differences in physiological and biochemical processes, 2219 

mostly related to kinetics.  2220 

 2221 

For application of allometric scaling in risk evaluations, EPA uses dosimetric adjustment factors 2222 

(DAFs), which can be calculated using Equation 2-4.  2223 

 2224 

Equation 2-4. Dosimetric Adjustment Factor (DAF) 2225 

 2226 

𝐷𝐴𝐹 = (
𝐵𝑊𝐴

𝐵𝑊𝐻
)^1/4 2227 

Where: 2228 

DAF = Dosimetric adjustment factor (unitless) 2229 

BWA = Body weight of species used in toxicity study (kg) 2230 

BWH = Body weight of adult human (kg) 2231 

 2232 

The guidance on allometric scaling (U.S. EPA, 2011b) presents DAFs for extrapolation to humans from 2233 

several species. However, because those DAFs used a human body weight of 70 kg, EPA has updated 2234 

the DAFs using a human body weight of 80 kg for this risk evaluation (U.S. EPA, 2011a). Only 2235 

approximate body weights for exposed F1 rats are provided in (Bornatowicz et al., 1994). Therefore, 2236 

EPA used the default body weight of 0.25 kg for rats from Table B-1 of (U.S. EPA, 2011b), while body 2237 

weight for dogs was estimated from control animals in the respective studies (≈7.5 kg average between 2238 

male and female controls at study midpoint in (Monsanto Chemical Company, 1995), ≈11.5 kg average 2239 

between male and female controls at study midpoint in (Monsanto Chemical Company, 1996). This 2240 

results in DAFs of 0.24 for rats, 0.55 from dogs exposed for intermediate durations, and 0.62 for dogs 2241 

exposed for chronic durations. 2242 

 2243 

Allometric BW3/4 scaling is intended for application to oral studies only, based on the effects of first-2244 

pass metabolism. Therefore, any dermal studies will not utilize allometric scaling and instead will apply 2245 

an additional 3× value to the uncertainty factor for animal to human extrapolation (UFA) to account for 2246 

toxicokinetic differences (Section 2.3.2.3). 2247 

 2248 

Duration Adjustments 2249 

Similar to inhalation values, oral values are adjusted to daily exposure by removing the hours/day factor 2250 

from the equation as shown in Equation 2-4. When a POD is applied to acute exposures, days per week 2251 

are not adjusted. 2252 

 2253 

 
3 The Ideal Gas Law can be used to convert between ppm and mg/m3. At standard temperature and pressure (STP; 25 °C and 

760 mm Hg), 1 mole of gas occupies 24.45 L. However, when conditions differ from STP, a different gas conversion factor 

can be calculated using the reported experimental temperature or pressure. 
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Equation 2-5. Adjusting Average Exposure Concentration or Inhalation POD for Differences in 2254 

Days and Hours of Exposure Across Scenarios 2255 

 2256 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠𝑡𝑢𝑑𝑦 × (
𝐷𝑆
7
) 2257 

Where: 2258 

Concentrationcontinuous = Adjusted air concentration/inhalation POD  2259 

Concentrationstudy = Air concentration/inhalation POD from study dataset 2260 

Ds   = Days per week/year exposure in study dataset 2261 

Hs   = Hours per day exposure in study dataset 2262 

2.3.2.2.3 Uncertainty Factors Used for Non-Cancer Endpoints 2263 

For the non-cancer health effects, EPA used a total UF of 30 for the benchmark MOEs for all inhalation 2264 

and oral endpoints that are used to estimate risks. The dermal study (Biodynamics, 1990) has a larger 2265 

UF of 100. EPA guidance from (1993), (2002), and (2012a) further discuss considerations for 2266 

application of UFs in human health hazard dose-response assessment. Only uncertainty factors 2267 

applicable to this assessment are discussed below.  2268 

 2269 

1. Interspecies Uncertainty Factor (UFA) of 3 or 10 2270 

The interspecies uncertainty factor has a toxicokinetics and toxicodynamics component, typically 2271 

each comprising 3× of the 10× UFA. As described in Section 2.3.1, standard dosimetric 2272 

approaches to account for toxicokinetic differences based on EPA guidance were applied to 2273 

derive HECs and oral HEDs. Therefore, for inhalation and oral PODs, only the toxicodynamic 2274 

component of the interspecies uncertainty factor is unaccounted for in the POD value and the 2275 

remaining UFA is 3. 2276 

 2277 

For dermal PODs (Section 2.3.2.2.6), uncertainty factors differed based on the exposure route of 2278 

the study. For dermal PODs extrapolated from oral studies, allometric scaling was applied to 2279 

obtain an oral HED prior to route extrapolation, so the 3× UFA value applies. Allometric scaling 2280 

was not applied to the dermal HED derived from the dermal toxicity study (Biodynamics, 1990) 2281 

because there are not validated approaches in accordance with EPA guidance for dosimetrically 2282 

adjusting dermal values from rodents to humans. In this case, the UFA cannot be reduced and a 2283 

value of 10× is applied. 2284 

 2285 

2. Intraspecies Uncertainty Factor (UFH) of 10  2286 

EPA uses a default UFH of 10 to account for variation in sensitivity within human populations 2287 

due to limited information regarding the degree to which human variability may impact the 2288 

disposition of or response to p-dichlorobenzene. There is no PBPK model available that can 2289 

quantify human variability in toxicokinetics or toxicodynamics, so the full 10× factor applies to 2290 

account for both components. 2291 

2.3.2.2.4 Benchmark Dose/Concentration Analysis 2292 

EPA conducted benchmark dose (BMD) modeling in accordance with guidance (U.S. EPA, 2012b) to 2293 

refine PODs for the endpoints and studies described in Section 2.3.2.1. EPA decisions on modeling of 2294 

specific data sets and results are described below. See 0 for a summary of all BMD modeling results, 2295 

including model selection and alternative endpoint options. See Benchmark Dose Modeling Results for 2296 

p-Dichlorobenzene (U.S. EPA) for full BMD modeling details including statistical tests, results from all 2297 

models, and any associated graphs. Results that could not be modeled with adequate fit are not presented 2298 
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in the tables below but are included in Appendix A and (U.S. EPA). All modeling was performed using 2299 

EPA’s BMDS online modeling suite (https://bmdsonline.epa.gov/, last accessed January 30th, 2026). 2300 

 2301 

Non-Cancer Points of Departure (PODs) for Acute Exposures 2302 

Table 2-5 below summarizes modeling results for the key endpoints selected for dose-response analysis.  2303 

 2304 

Table 2-5. Dose-Response Analysis of Selected Studies and Endpoints Considered for Deriving 2305 

Acute PODs 2306 

Reference and Study Details 
Study POD/ 

Type (HEC/D) 
Effect/Dataset 

HEC/HED 

(Units) 
UFs 

Monsanto Chemical Company 

(1994a) 

Male SD rats exposed for a 

single day; 0, 50, 200, 500 

ppm; 4 h/day; acute exposure 

study. 

 

Neurotoxicity, inhalation 

NOAEC = 200  

(HEC = 33.3) 

ppm 

Reduced forelimb grip 

strength in males 

BMCL1SD = 50.1 

(ppm) 

UFA = 3 

UFH = 10 

Total UF = 30 

Reduced hindlimb grip 

strength in males 

BMCL1SD = 49.8 

(ppm) 

Reduced motor activity 

in males 

BMCL1SD = 75.5 

(ppm) 

Bornatowicz et al. (1994) 

Male and female SD rats 

exposed across two-

generations; 0, 30, 90, 270 

mg/kg-day; 5 days/week; two-

generation study. 

 

Developmental toxicity, oral 

gavage 

NOAEL = 30  

(HED = 7.2) 

mg/kg-day 

F1 dead pups at day 4 

(Rao-Scott 

transformation) 

BMDL5 = 23.9 

(mg/kg) 

UFA = 3 

UFH = 10 

Total UF = 30 

F2 dead pups at day 4 

(Rao-Scott 

transformation) 

BMDL5 = 17.6 

(mg/kg) 

F1 delayed eye opening 

(first day of occurrence) 

NOAEL = 90 mg/kg 

(HED = 21.6) 

BMDL1SD = 39.3 

(mg/kg) 

BMDL0.5SD = 6.6 

(mg/kg) 

Not considered for POD 

selection 

 2307 

Inhalation: Reduced forelimb and hindlimb strength observed in (Monsanto Chemical Company, 1994a) 2308 

was modeled from males only because effects were not statistically significant in females. Both 2309 

endpoints were modeled as a continuous effect using a default BMR of one standard deviation (SD) for 2310 

continuous measurements. The resulting BMCLs are very similar for both endpoints, with a BMDL1SD 2311 

of 50.1 ppm for forelimb strength (BMC = 77.4) and 49.8 for hindlimb strength (BMC = 85.8). Reduced 2312 

motor activity in males was also modeled, with adequate fit achieved assuming nonconstant variance 2313 

and 1 SD BMR at a BMCL1SD of 75.5 ppm. The HECs were derived by adjusting from 4 to 24 hours of 2314 

exposure, with no change for dosimetric differences between rodents and humans (Section 2.3.2.2.1). 2315 

Total uncertainty factor = 30 based on UFA = 3 and UFH = 10. As explained in Section 2.3.2.2.3, the 2316 

UFA accounts for remaining toxicodynamic differences across species while UFH incorporates both 2317 

toxicodynamic and toxicokinetic variability across the human population.  2318 

 2319 

Oral: The postnatal mortality results from the OECD 416 study (Bornatowicz et al., 1994) could not be 2320 

easily modeled using traditional approaches. The most straightforward endpoints applicable to acute 2321 

exposure are postnatal mortality measured as pup deaths, as was modeled from (Chemical 2322 

Manufacturers Association, 1989). This study only reported summary statistics for pup deaths without 2323 

using the litter as the statistical unit, as is appropriate per EPA Guidelines for Developmental Toxicity 2324 

Risk Assessment (U.S. EPA, 1991b). EPA therefore utilized the Scott-Rao transformation option in 2325 

BMDS online. The Rao-Scott transformation is a validated statistical approach, described in Fox et al., 2326 
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(2016) to model dichotomous developmental data when only summary level dose-response data is 2327 

available. In other words, the Rao-Scott transformation is used to account for litter effects when 2328 

individual animal data is not available and can therefore overcome the limitation of outcomes being 2329 

reported only on a per-pup basis. This approach has been used previously in the EPA/OPPT Risk 2330 

Evaluation for n-Methylpyrrolidone (U.S. EPA, 2020). The transformation scales dose-level incidence 2331 

and sample size data by a variable called the design effect in order to approximate the intralitter 2332 

correlation that occurs due to the clustered study design of developmental toxicity studies.4 Both F1 and 2333 

F2 results were modeled in this manner; Rao-Scott modeling simulates a nested dataset so a BMR of 5% 2334 

extra risk was used. For dichotomous modeling, a 5% BMR is recommended by BMD modeling 2335 

guidance for nested developmental datasets (U.S. EPA, 2012b) and has been consistently used for 2336 

modeling of developmental outcomes in previous risk evaluations including 1-bromopropane, 2337 

hexabromocyclododecane, N-methyl-2-pyrrolidone, and others. There is some uncertainty concerning 2338 

whether F2 results are applicable to acute exposure, however p-dichlorobenzene is not persistent or 2339 

bioaccumulative and there is no evidence supporting increased sensitivity of multigenerational exposure 2340 

(see result from (Chemical Manufacturers Association, 1989)). Therefore, results from either generation 2341 

are considered functionally equivalent, and the BMDL5 of 17.6 mg/kg-day (BMD = 26.2) is considered 2342 

the most sensitive and robust oral hazard value for characterizing acute exposures. 2343 

 2344 

Developmental neurotoxicity outcomes such as reflexes and behavioral reactions were also considered; 2345 

these endpoints were reported on a per-litter basis and therefore statistical adjustment was not required. 2346 

As previously discussed in Section 2.3.2.1.2, dose-response analysis was not applied to decreased 2347 

rearing because of uncertain weight of scientific evidence for the significance of the effect. EPA did, 2348 

however, successfully model delayed eye opening in F1 pups (the outcome was not dose-responsive in 2349 

F2) with a BMR of 1 SD. The resulting BMDL1SD was 39.2 mg/kg (BMD = 57.6). It is unknown 2350 

whether delayed eye opening would result from a single exposure or whether delayed eye opening leads 2351 

to permanent adverse effects, however that effect was also BMD modeled for comparison. EPA also 2352 

considered a more sensitive BMR of 0.5 SD to account for the severity of developmental outcomes; the 2353 

most sensitive BMDL0.5SD of 6.63 mg/kg (BMD = 25.6) for delayed eye opening was below the lowest 2354 

dose, which is two doses below the LOAEL. There is also greater than a 3-fold difference between the 2355 

BMD and BMDL. A reduced BMR of 0.5 SD is occasionally justified for severe effects or sensitive 2356 

developmental outcomes, but an appropriate threshold for adversity is not established for this outcome. 2357 

Given this uncertainty and the availability of other dose-response values with higher confidence, the 0.5 2358 

SD results were not considered for POD selection. HEDs for (Bornatowicz et al., 1994) were not 2359 

adjusted to daily exposure because the endpoints were applied to acute (i.e., single day exposure); 2360 

however, they were dosimetrically adjusted based on BW3/4-scaling using a DAF of 0.24 as described in 2361 

Section 2.3.2.2.2. Uncertainty factors are the same as were applied to (Monsanto Chemical Company, 2362 

1994a). 2363 

 2364 

Summary: There are reliable BMDLs covering multiple endpoints and datasets from individual studies. 2365 

The most sensitive acute POD option via inhalation is 49.8 ppm from (Monsanto Chemical Company, 2366 

1994a) and the most sensitive acute oral POD is 17.6 mg/kg from (Bornatowicz et al., 1994). 2367 

 2368 

Non-Cancer Points of Departure (PODs) for Intermediate Exposures 2369 

Table 2-6 below summarizes modeling results for the key endpoints selected for dose-response analysis. 2370 

For all endpoints, uncertainty factors were applied as described for acute endpoints. 2371 

 2372 

 
4 More details are provided at https://bmdsonline.epa.gov/transforms/rao-scott/ (accessed January 5, 2026). 
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Table 2-6. Dose-Response Analysis of Selected Studies and Endpoints Considered for Deriving 2373 

Intermediate PODs 2374 

Reference and Study Details 
Study POD/ Type 

(HEC/D) 
Effect/Dataset 

HEC/HED 

(units) 
UFs 

Chemical Manufacturers 

Association (1989)  

Male and female SD rats 

exposed across two-generations; 

0, 66.3, 211, 538 ppm; 6 h/day, 7 

days/week; two-generation 

study. 

 

Developmental toxicity, 

inhalation 

NOAEC = 211 

(HEC = 30) 

ppm 

F1 pup deaths, days 1-4; 

Deaths include dead, 

missing, cannibalized 

BMCL5 = 46.8 

(ppm) 

UFA = 3 

UFH = 10 

Total UF = 30 

F1 pup deaths, days 1-4; 

Deaths include dead only 

BMCL5 = 66.9 

(ppm) 

F2 pup deaths, days 1-4; 

Deaths include dead, 

missing, cannibalized 

BMCL5 = 100.8 

(ppm) 

F2 pup deaths days 0–4; 

Deaths include dead, 

missing, cannibalized 

BMDL5 = 99.3 

(ppm) 

Bushy Run (1992) 

Male and female CD rats 

exposed for 10 days from GD 6-

15; inhalation; 0, 49, 203, 615 

ppm; 6 h/day, 7 days/week; 

developmental toxicity study 

 

Gestational toxicity, inhalation 

NOAEC = 49 

(HEC = 12.25) 

ppm 

Reduced maternal weight 

and weight gain 

NOAEC = 12.25 

(ppm) 

 

Modeling failed for 

reduced maternal 

weight GD 0–21, 

including with the 

high dose dropped. 

UFA = 3 

UFH = 10 

Total UF = 30 

Biodynamics (1991) 

Male and female beagle dogs 

exposed for 28 days; 0, 58, 168, 

329 ppm; 6 h/day, 5 days/week; 

range finding study. 

 

Liver toxicity, inhalation 

NOAEC = 58 

(HEC = 10.4) 

ppm 

Increased relative liver 

weight and ALP in males 

NOAEC = 10.4 

(ppm) 

 

N = 2 per sex, 

sample size 

insufficient for 

modeling 

UFA = 3 

UFH = 10 

Total UF = 30 

Monsanto Chemical Company 

(1995) 

Male and female beagle dogs 

exposed for 28 days; 0, 25, 75, 

150, 300 mg/kg-day; 5 

days/week; range-finding study 

 

Liver toxicity, oral capsule 

NOAEL = 25 

(HEC = 9.8) 

mg/kg-day 

Increased relative liver 

weight in both sexes, 

increased ALP in females 

NOAEL = 9.8 

(mg/kg-day) 

 

N=2 per sex, sample 

size insufficient for 

modeling 

UFA = 3 

UFH = 10 

Total UF = 30 

Monsanto Chemical Company 

(1996) 

Male and female beagle dogs 

exposed for 6 months; 0, 10, 50, 

150 mg/kg-day; 5 days/week; 

chronic toxicity in non-rodent 

study. 

 

Liver toxicity, oral capsule 

NOAEL = 10 

(HED = 3.9) 

mg/kg-day 

Increased ALP in females BMDL1SD = 2.5 

(mg/kg-day) 

UFA = 3 

UFH = 10 

Total UF = 30 

Increased GGT in females 

NOAEL = 50 mg/kg  

(HEC = 19.6) 

BMDL1SD = 16 

(mg/kg-day) 

Bornatowicz et al. (1994) 

Male and female SD rats 

exposed across two-generations; 

0, 30, 90, 270 mg/kg-day; 5 

days/week; two-generation 

study. 

 

NOAEL = 30  

(HED = 7.2) 

mg/kg-day 

F1 dead pups at day 4  

(Rao-Scott transformation) 

F2 dead pups at day 4  

(Rao-Scott transformation) 

BMDL5 = 23.9 

(mg/kg-day) 

UFA = 3 

UFH = 10 

Total UF = 30 

BMDL5 = 17.6 

(mg/kg-day) 

F1 delayed eye opening 

(first day of occurrence) 

BMDL1SD = 39.3 

(mg/kg-day) 
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Reference and Study Details 
Study POD/ Type 

(HEC/D) 
Effect/Dataset 

HEC/HED 

(units) 
UFs 

Developmental toxicity, oral 

gavage 

NOAEL = 90 mg/kg  

(HED = 21.6) 

BMDL0.5SD = 6.6 

(mg/kg-day) 

Not considered for 

POD selection 

 2375 

Developmental/Reproductive Rodent Studies: Multiple reproductive and developmental outcomes from 2376 

the inhalation study (Chemical Manufacturers Association, 1989) were considered for BMD modeling. 2377 

While gestational body weight was reduced at a lower concentration than other outcomes, the absolute 2378 

decrease in maternal body weight was small (less than 10% at the highest concentration). Reduced pup 2379 

body weight was not dose-responsive until the highest concentration and demonstrated a less severe 2380 

effect than mortality. Therefore, postnatal mortality was selected for modeling of developmental/ 2381 

reproductive toxicity in this study. For the outcome of postnatal mortality, there was ambiguity in the 2382 

scoring of pup deaths in the study, so modeling was conducted assuming either that all non-living pups 2383 

(including missing, dead, cannibalized) were relevant to exposure, or that only the visible dead pups 2384 

were relevant. Nested modeling was performed in order to account for inter- and intra-litter correlation, 2385 

using a 5% extra risk benchmark response (BMR) for the reasons previously described above. Scoring 2386 

was also separated between deaths between days 1 to 4 and days 0 to 4, and results for both F1 and F2 2387 

generations were considered. F1 day 0 to 4 postnatal mortality could not be successfully modeled, and 2388 

F2 “dead only” results were not modeled because only a single dead pup was observed. 2389 

 2390 

BMD modeling did not provide adequate model fit for the F1 days 0 to 4 result, and there were 2391 

insufficient number of dead pups for the F2 “dead only” assumption. The rest were all successfully 2392 

modeled with adequate fit. EPA determined that without knowledge of why there was a reduction in 2393 

litter size, each scenario is plausible, while assuming that all missing pups compared to day zero are 2394 

associated with exposure provides the most health-protective outcome. The dataset for F1 with this 2395 

assumption was the most sensitive and robust resulting HEC-adjusted lower confidence limit on the 2396 

benchmark dose/concentration (BMDL/BMCL) for this dataset, with a BMCL5 of 46.8 ppm (BMC = 2397 

83.0) based on the nested logistic model with litter-specific and intra-litter covariates applied. There is 2398 

moderate confidence in the POD options from this study—it is a high-quality two-generation GLP study 2399 

with successful modeling runs from both F1 and F2 datasets. However, there is some uncertainty in the 2400 

analytical air concentration used in the study (more likely to bias POD high) while assuming that all 2401 

missing pups are due to p-dichlorobenzene-induced mortality may be overly conservative. Therefore, the 2402 

“true” POD representing this study cannot be confidently stated as a single value and is best represented 2403 

by the range of options presented. HECs were adjusted from 6- to 24-hour exposures, but no adjustment 2404 

for days/week was required because the study was 7 days/week. Dosimetry did not result in a different 2405 

value for rodent to human extrapolation.  2406 

 2407 

The 10-day inhalation developmental toxicity study (Bushy Run, 1992) did not present any sensitive 2408 

fetal outcomes, however there was a statistically significant, dose-responsive reduction in maternal 2409 

weight and weight gain. Modeling did not provide adequate fit for this outcome however, even when 2410 

dropping the high dose, with either a BMR of 1 standard deviation (SD) or 10% relative deviation (RD). 2411 

Therefore, the HEC was based on the NOAEL of 12.25 ppm. There is substantial uncertainty in the 2412 

reliability of this POD. The NOAEL is more sensitive than BMDLs from the longer two-generation 2413 

study (Chemical Manufacturers Association, 1989) that also observed effects on maternal weight and the 2414 

inadequate modeling fit suggests that the dose-response is statistically uncertain. HECs were derived 2415 

using the same adjustments as for (Chemical Manufacturers Association, 1989). 2416 

 2417 
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The results from the oral two-generation study (Bornatowicz et al., 1994) are also applicable to 2418 

intermediate exposure. Details discussed in Section 2.3.2.1.2. 2419 

 2420 

Canine Liver Toxicity: Similar results were obtained from two range-finding studies in dogs, one 2421 

inhalation (Biodynamics, 1991) and one oral (Monsanto Chemical Company, 1995). A statistically 2422 

significant increase in liver weight (more than 40% at the LOAEL in (Monsanto Chemical Company, 2423 

1995)) along with increased alkaline phosphatase were observed in both studies. Males were more 2424 

sensitive in the inhalation study and females more sensitive in the oral study; this difference is 2425 

considered random given the small sample size of two dogs per sex. EPA chose not to conduct BMD 2426 

modeling with these results because the small sample size would provide an unacceptably wide 2427 

confidence interval and likely an artificially low BMDL. The NOAELs are 10.4 ppm and 9.8 mg/kg-day 2428 

for the inhalation and oral studies, respectively. While the results agree from these studies, the NOAELs 2429 

are likely artificially precise considering only two animals per sex tested and the studies are best used 2430 

for screening, as was intended by the study design (i.e., range-finding) HECs were derived from the 2431 

inhalation 28-day study (Biodynamics, 1991) by adjusting from 6 h/day, 5 days/week to continuous 2432 

exposure, with no dosimetric adjustment as for all other systemic effects via inhalation. The doses from 2433 

the oral 28-day study (Monsanto Chemical Company, 1995) were adjusted to 7 days/week and using 2434 

BW3/4-scaling using a DAF of 0.55 based on body weight reported in the study. 2435 

 2436 

EPA additionally considered 6-month interim measurements from the 1-year study (Monsanto Chemical 2437 

Company, 1996), which did have sufficient sample size to support modeling. Both 6-month and 1-year 2438 

durations are subchronic duration in dogs (i.e., <10% of lifetime), but the 6-month timepoint is 2439 

considered most appropriate for application to intermediate-duration exposures. Organ weights or 2440 

histopathology could not be examined at an interim timepoint; however, clinical biochemistry indicators 2441 

of liver toxicity were measured. The liver enzymes ALP and gamma-glutamyl transferase (GGT) were 2442 

elevated in serum at both 6-month and 1-year timepoints, suggesting liver damage targeting bile ducts. 2443 

Both measures were BMD modeled with a BMR of 1SD, with the more sensitive BMDL1SD of 2.5 2444 

mg/kg-day for ALP (BMD = 4.9) compared to a BMDL1SD of 16 mg/kg-day for GGT (BMD = 21). The 2445 

differences in the BMDLs correspond to differences in the study NOAELs, with a NOAEL-HED of 3.9 2446 

mg/kg-day for ALP and 19.6 mg/kg-day for GGT. The doses from this study were adjusted to 7 2447 

days/week with a DAF of 0.62 using body weight information from the study. 2448 

 2449 

Conclusion: As discussed above and in Section 2.3.2.2.5, there are quantitative uncertainties with 2450 

several of the intermediate POD options. For all studies except the 1-year oral dog study (Monsanto 2451 

Chemical Company, 1996) and the oral two-generation study (Bornatowicz et al., 1994), large 2452 

variability exists in the plausible POD options considering the limitations in the datasets. While the 2453 

studies are of medium to high quality and the endpoints are consistently observed across studies, EPA 2454 

has determined that due to the uncertainties in the datasets and variability among POD options, 2455 

inhalation scenarios are better characterized by a range of POD options as opposed to the selection of a 2456 

single representative value. 2457 

 2458 

Oral intermediate POD options are more reliable, with both (Monsanto Chemical Company, 1996) and 2459 

(Bornatowicz et al., 1994) providing multiple reliable results. The BMDL for pup deaths from 2460 

(Bornatowicz et al., 1994) is very similar to the value for increased serum GGT from (Monsanto 2461 

Chemical Company, 1996) but much higher than the result for increased serum ALP, which was 2462 

consistently observed across all three intermediate dog studies. 2463 

  2464 
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Non-Cancer Points of Departure (PODs) for Chronic Exposures  2465 

Table 2-7 below summarizes modeling results for the key endpoints selected for dose-response analysis. 2466 

For all endpoints, uncertainty factors were applied as described for acute endpoints. 2467 

 2468 

Table 2-7. Dose-Response Analysis of Selected Studies and Endpoints Considered for Deriving 2469 

Chronic PODs 2470 

Reference and Study Details 
Study POD/ 

Type (HEC/D) 
Effect/Dataset Modeled 

HEC/HED 

(units) 
UFs 

Chemical Manufacturers Association 

(1989)  

Male and female SD rats exposed 

across two-generations; 0, 66.3, 211, 

538 ppm; 6 h/day, 7 days/week; two-

generation inhalation study. 

 

Developmental toxicity, inhalation 

NOAEC = 211 

(HEC = 30) 

ppm 

F1 pup deaths, days 1–4; 

Deaths include dead, 

missing, cannibalized 

BMCL5 = 46.8 (ppm) 

UFA = 3 

UFH = 10 

Total UF 

= 30 

F1 pup deaths, days 1–4; 

Deaths include dead only 

BMCL5 = 66.9 (ppm) 

F2 pup deaths, days 1–4; 

Deaths include dead, 

missing, cannibalized 

BMCL5 = 100.8 (ppm) 

F2 pup deaths days 0–4; 

Deaths include dead, 

missing, cannibalized 

BMDL5 = 99.3 (ppm) 

Aiso et al. (2005b); JBRC (1995) 

Male and female F344/DuCrj rats 

Crj:BDF1 exposed via inhalation for 

2 years; 0, 19.8, 74.8, 298.4 ppm; 6 

h/day, 5 days/week; chronic 

carcinogenicity study 

 

Respiratory toxicity, inhalation 

NOAEC = 19.8 

(HEC = 0.778) 

ppm 

Inflammatory lesions in the 

olfactory epithelium 

(eosinophilic globules) 

BMCL10 = 0.546 (ppm) 

UFA = 3 

UFH = 10 

Total UF 

= 30 

BMCL10 = 0.126 (ppm) 

Not considered because 

BMDL>BMDL ratio >3, 

lowest dose/BMDL ratio 

>3, and BMD is below 

the NOAEC/lowest dose. 

Monsanto Chemical Company (1996) 

Male and female beagle dogs 

exposed for 1 year; 0, 10, 50, 150 

mg/kg-day; 5 days/week; chronic 

toxicity in non-rodent study. 

 

Liver and kidney toxicity, oral 

capsule 

NOAEL = 10 

(HED = 4.4) 

mg/kg-day 

Increased relative liver 

weight in males 

BMDL10 = 3.4 

(mg/kg-day) 

UFA = 3 

UFH = 10 

Total UF 

= 30 

Increased relative liver 

weight in females 

BMDL10 = 3.5 

(mg/kg-day) 

(poor control dose SD) 

Increased relative liver 

weight (both sexes 

combined) 

BMDL10 = 3.7 

(mg/kg-day) 

Increased ALP in females BMDL1SD = 3.0 

(mg/kg-day) 

Bornatowicz et al. (1994) 

Male and female SD rats exposed 

across two-generations; 0, 30, 90, 

270 mg/kg-day; 5 days/week; two-

generation inhalation study. 

 

Developmental toxicity, oral gavage 

NOAEL = 30  

(HEC = 7.2) 

mg/kg-day 

F1 dead pups at day 4 

(Rao-Scott transformation) 

BMDL5 = 23.9 

(mg/kg-day) 
UFA = 3 

UFH = 10 

Total UF 

= 30 
F2 dead pups at day 4 

(Rao-Scott transformation) 

BMDL5 = 17.6 

(mg/kg-day) 

 2471 

Inhalation: Increased olfactory lesions from (Aiso et al., 2005b; JBRC, 1995) was the critical chronic 2472 

inhalation health effect in both (ATSDR, 2006) and (U.S. EPA, 2006b). Several measurements of 2473 

respiratory tissue histopathology were observed including metaplasia and eosinophilic globules 2474 

(representing an inflammatory lesion). Eosinophilic globules were modeled in previous assessments and 2475 

represent the most sensitive outcome. Lesions were ordinally scored for severity, and the incidence of 2476 

the two highest severity scores were combined for use in modeling; there is some subjectivity involved 2477 
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scoring in this manner, however it is consistent with modeling from prior assessments. There was a high 2478 

baseline incidence in controls (27/50) but a consistent, dose-responsive increase was observed. EPA re-2479 

modeled this outcome in BMDS online using the BMR of 10% extra risk for dichotomous outcomes 2480 

resulting in a recommended HEC BMDL10 of 0.126 ppm (BMD = 0.633). EPA did not consider this 2481 

value for POD selection however because the result included multiple warnings for BMDL to BMDL 2482 

ratio and lowest dose to BMDL ratio, both of which were greater than three. The BMD is also below the 2483 

lowest dose and study NOAEC. Among other viable options, the BMCL10 of 0.546 ppm (BMC = 0.763) 2484 

was selected because the BMD is only slightly below the lowest dose and NOAEC and the value is 2485 

similar to that derived in both previous assessments. The graph of the modeling result also demonstrates 2486 

good visual fit at the lower end of the curve where the BMDL is applicable (Figure_Apx A-3). HECs 2487 

were derived by first adjusted from 6 to 24 h/day and 5 days to 7 days/week and then applying the 2488 

RGDR value of 0.22 for the extra-thoracic region (Section 2.3.2.2.1). 2489 

 2490 

The postnatal mortality modeling results from (Chemical Manufacturers Association, 1989) are also 2491 

applicable to chronic exposure and will be considered for chronic POD derivation. However, the 2492 

uncertainties previously discussed about the analytical air concentrations and interpreting pup deaths 2493 

apply to chronic exposures as well. 2494 

 2495 

Oral: EPA also modeled liver effects from (Monsanto Chemical Company, 1996), which was the basis 2496 

of oral critical effects in both (ATSDR, 2006) and (U.S. EPA, 2006b). EPA decided to model liver 2497 

weight in both sexes because there was a consistent, dose-responsive increase observed in both sexes 2498 

and a 10% relative increase in liver weight is well established as a BMR for adverse liver toxicity from 2499 

prior risk evaluations and other Agency assessments. Increased serum alkaline phosphatase, which was 2500 

the basis of the chronic MRL in (ATSDR, 2006), was also modeled using the default BMR of 1 SD for a 2501 

continuous measurement. Results for increased liver weight were similar for males, females, and both 2502 

sexes combined, with males slightly more sensitive at an HED BMDL10 of 3.4 mg/kg-day (BMD = 4.5). 2503 

Alkaline phosphatase could not be successfully modeled with adequate fit for males, which had a less 2504 

consistent dose-response than females. For females, the resulting HED BMDL10 was 3.0 mg/kg-day 2505 

(BMD = 6.8), demonstrating strong coherence across liver endpoints. Kidney weight was also 2506 

considered for BMD modeling, but without corresponding serum or urine measurements of toxicity, 2507 

EPA determined that liver effects were a more sensitive and reliable outcome for quantifying toxicity. 2508 

 2509 

The postnatal mortality modeling results from (Bornatowicz et al., 1994) are also applicable to chronic 2510 

exposure.  2511 

 2512 

Conclusion: All chronic POD options are reliable and could be successfully BMD modeled, though 2513 

there is some judgment involved with the best BMDL option for eosinophilic globules from (Aiso et al., 2514 

2005b; JBRC, 1995). For the postnatal mortality PODs from the intermediate reproductive toxicity 2515 

studies, a subchronic to chronic uncertainty factor was not applied because this effect is only applicable 2516 

to exposure during gestation. The results from the two chronic studies are more sensitive for 2517 

characterizing chronic risk. 2518 

2.3.2.2.5 POD Selection for Risk Estimation of Oral and Inhalation Exposures 2519 

Route Considerations 2520 

There is a robust and thorough database for p-dichlorobenzene covering a diversity of study types, 2521 

durations, and routes. For the PODs derived above in Section 2.3.2.2.3, there are sufficient inhalation 2522 

and oral studies to represent their respective routes. Inhalation studies will be used for inhalation PODs 2523 

and oral studies will be used for oral PODs; route-to-route extrapolation is not required for those routes. 2524 

 2525 
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Acute Exposure Durations 2526 

Inhalation Exposures: There was only a single study used for dose-response analysis of acute inhalation 2527 

exposures. The inhalation POD relevant to acute exposures is for acute neurotoxicity in the High-quality 2528 

(Monsanto Chemical Company, 1994a) study is a BMCL1SD of 49.8 ppm for reduced hindlimb grip 2529 

strength. This POD is reliable and appropriate because it was an acute-duration study with multiple 2530 

measured outcomes of neuromuscular toxicity; forelimb grip strength had a very similar BMDL of 50.1 2531 

ppm and reduced motor activity had a BMDL of 75.5 ppm. Use of this endpoint to characterize acute 2532 

inhalation exposures is consistent with EPA’s OPP assessment (U.S. EPA, 2018). Additionally, 2533 

developmental neurobehavioral outcomes in (Bornatowicz et al., 1994) further support the acute 2534 

neurotoxicity of p-dichlorobenzene. 2535 

 2536 

Oral Exposures: There was also only a single oral study applicable to acute exposures. The oral acute 2537 

POD is the BMDL5 of 17.6 mg/kg-day for 5% extra risk of postnatal mortality in a two-generation 2538 

reproductive toxicity study (Bornatowicz et al., 1994). Delayed eye opening was also observed, however 2539 

that POD is less protective and there is some uncertainty in whether it would result from a single 2540 

exposure. For postnatal mortality the study reported summary data that only provided pup-level results 2541 

from the oral study required the Rao-Scott transformation to estimate results per litter, but this is a 2542 

validated statistical approach and the study was a GLP study performed in accordance with OECD 416. 2543 

Additionally, there is moderate evidence across several animal studies of gestational and developmental 2544 

effects from p-dichlorobenzene exposure Postnatal mortality is therefore considered the most 2545 

appropriate endpoint for evaluating acute oral risks. As previously discussed, the F1 and F2 results are 2546 

considered functionally equivalent, so the more sensitive value from the F2 generation was selected for 2547 

use in risk estimation. There is some uncertainty in extrapolating from a repeat-dose study to acute 2548 

exposures, however mortality shortly after birth could result from a single exposure and this endpoint 2549 

was not associated with maternal toxicity. Consistent with EPA guidance (U.S. EPA, 1991b), this 2550 

endpoint is applied to acute exposures in order to be protective of pregnant mothers and their fetuses 2551 

who might be exposed during a sensitive window of development (Section 2.5.2).  2552 

 2553 

The BMD modeling graphs for these PODs are provided in 0 and also copied below into Figure 2-3 for 2554 

reference. The resulting PODs to be used in risk estimation are summarized below in Table 2-8. The 2555 

weight of scientific evidence for these endpoints and PODs is discussed in Section 2.3.3.1.1. The overall 2556 

confidence rating (accounting for evidence integration, study selection, exposure scenario relevance, 2557 

dose-response analysis, and PESS considerations) is also included in Table 2-8. 2558 

 2559 

   2560 

Figure 2-3. BMD Modeling Graphs for Acute PODs 2561 
Left: Postnatal mortality from (Bornatowicz et al., 1994); right: Hindlimb grip strength from (Monsanto Chemical 2562 
Company, 1994a). 2563 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227443
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6323358
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=732120
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227443
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227443


PUBLIC RELEASE DRAFT 

April 2026 

Page 64 of 194 

Table 2-8. PODs for Risk Estimation of Acute Exposures 2564 

Target Organ 

System 

(Route) 

Species 

Study 

Duration/ 

Frequency 

Effect HEC/D 
Uncertainty 

Factors 
(UFs) 

Reference(s) OQD Confidence 

Neurotoxicity 

(inhalation) 

Rats 4 h/day Reduced 

hindlimb 

grip 

strength 

and 

motor 

activity 

BMCL5 = 

49.8 ppm 

(299 mg/m3) 

 

UFA= 3; 

UFH=10;  

Total 
UF=30 

Monsanto 

Chemical 

Company 

(1994a) 

High Moderate-

to-Robust 

Developmental 

Toxicity 

(oral) 

Rats Two-

generation 

study; 5 

days/week 

Postnatal 

mortality  

BMDL5 = 

17.6 mg/kg 

UFA= 3; 

UFH=10;  

Total UF=30 

Bornatowicz 

et al. (1994) 

Medium 

(for pup 

deaths) 

Moderate 

  2565 
Intermediate/Chronic Exposure Durations 2566 

Intermediate Inhalation Exposures: The POD from reduced maternal weight and reduced weight gain 2567 

from the 10-day developmental toxicity study (Bushy Run, 1992) and postnatal mortality in (Chemical 2568 

Manufacturers Association, 1989) both represent intermediate endpoints relevant to this hazard 2569 

outcome. While adverse body weight changes or offspring effects downstream of maternal toxicity are 2570 

not considered relevant to a single exposure, they would be expected to result from short-term or 2571 

intermediate exposure as demonstrated by that study. Modeling did not provide adequate fit for the 2572 

Bushy Run dataset, so the HEC NOAEC of 12.25 ppm represents the endpoint. The most sensitive 2573 

BMDL5 of 46.8 ppm represents postnatal mortality from (Chemical Manufacturers Association, 1989), a 2574 

value that is similar to the acute neurotoxicity POD of 49.8 ppm. The POD of 46.8 ppm is based on the 2575 

most health-protective interpretation of reduced pup number; other interpretations resulted in higher 2576 

PODs up to 100.8 ppm. However, in that case the neurotoxicity POD would apply to risk estimation of 2577 

intermediate exposures so those higher POD options were not considered. 2578 

 2579 

The lowest intermediate POD for inhalation is the NOAEC of 10.4 ppm from the 28-day inhalation 2580 

study in dogs (Biodynamics, 1991) based on observed increased relative liver weight along with 2581 

increased serum alkaline phosphatase, an indicator of cholestasis or blocked bile ducts (Krones et al., 2582 

2015). While this POD is supported by similar findings in a 28-day oral study (Monsanto Chemical 2583 

Company, 1995), it could not be BMD modeled because there were only two animals tested per sex, and 2584 

the study was intended to be used as range-finding for the chronic-duration study.  2585 

 2586 

As discussed in Section 2.3.2.2.3, there is insufficient confidence to select a single representative 2587 

inhalation POD from among these options. The POD of 46.8 ppm from (Chemical Manufacturers 2588 

Association, 1989) is exactly 4.5-fold above the lowest POD option and may be biased high due to 2589 

uncertainties in quantifying air concentrations during the study (Section 2.3.2.1.2). The (Bushy Run, 2590 

1992) results could not be modeled and represent only a very mild reduction in body weight, while the 2591 

(Biodynamics, 1991) POD is based on only two animals per sex. All studies are medium-to-high quality 2592 

and multiple endpoints have similar PODs; the upper end of the range has the Chemical Manufacturers 2593 

Association developmental POD (46.8 ppm) and the Monsanto neurotoxicity POD (49.8 ppm) while the 2594 

lower end has the Bushy Run value (12.25 ppm) and Biodynamics (10.4) very close together.  2595 

 2596 

Route-to-route extrapolation from oral PODs would introduce additional uncertainty and would not 2597 

increase confidence in these values. Overall, while a single value could not be chosen with greater than 2598 

slight confidence, EPA has moderate confidence that these options represent the upper and lower bounds 2599 

of intermediate hazard values. These PODs may therefore be considered as a range for risk screening, 2600 

especially for situations when chronic exposure values are not applicable. See these screening PODs and 2601 
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further discussion in Appendix F. The confidence and weight of scientific evidence for intermediate 2602 

scenarios are discussed thoroughly in Section 2.3.3.1.2. 2603 

 2604 

Chronic Inhalation Exposures: There was only a single chronic inhalation study. Chronic inhalation 2605 

exposure resulted in inflammatory lesions of the olfactory epithelium in rats (Aiso et al., 2005b; JBRC, 2606 

1995), a portal of entry effect that is specific to inhalation. This effect is strongly supported by 2607 

respiratory tract effects observed in humans (Elliott et al., 2006) and was also observed in the isomer, o-2608 

dichlorobenzene (U.S. EPA, 2026h). The BMCL of 0.546 ppm represents the most sensitive inhalation 2609 

POD compared to the other scientifically supported inhalation hazard values. The only other options for 2610 

chronic inhalation scenarios would be the intermediate studies, which have quantitative uncertainties as 2611 

point estimates as discussed above and are not supported by human epidemiological data. Selection of 2612 

this endpoint for representing chronic inhalation exposures is consistent with prior assessments from 2613 

ATSDR (2006), EPA OPP (2018), and CalEPA OEHHA (2025).  2614 

 2615 

For evaluating the relevance of this POD to chronic exposures in humans, EPA back-calculated an 2616 

estimated POD from the cross-sectional epidemiological NHANES study (Elliott et al., 2006) that 2617 

identified statistically significant inverse relationships between blood p-dichlorobenzene measurements 2618 

(in µg/L) and clinical spirometric measurements of pulmonary function. For this, EPA first followed a 2619 

similar methodology as was employed in Appendix D.1.2 of EPA’s Toxicological Review of 2620 

Formaldehyde (2024a) for deriving a POD for reduced pulmonary function. In short, EPA defined a 2621 

BMR for the pulmonary outcome measures based on clinical cutoffs for adverse pulmonary outcomes 2622 

(see Section 2.3.1.2.1). The appropriate BMR was then divided by the upper 95th percentile β value for 2623 

each measurement (−182 L2/µg and −388 L2/µg-s for FEV1 and MMEFR, respectively) to derive the 2624 

BMCL. EPA then used three toxicokinetic studies to establish an approximate 10:1 ratio between air 2625 

(µg/m3) and blood (ng/ml, equivalent to µg/L) concentrations. The BMCLs were multiplied by 10× to 2626 

approximate the equivalent ambient air concentration in µg/m3, resulting in a POD of 0.0063 ppm based 2627 

on FEV1 and 0.0052 for MMEFR. These PODs would not have any additional uncertainty factor applied 2628 

because they are from human data and the use of the upper 95th percentile β value accounts for 2629 

toxicokinetic and/or toxicodynamic variability within the population. Applying the UF of 30 to the (Aiso 2630 

et al., 2005b; JBRC, 1995) BMCL10 of 0.546 ppm results in a risk threshold of 0.0182, approximately 3-2631 

fold higher than the risk thresholds calculated from diminished pulmonary function in humans. Despite 2632 

the uncertainties associated with this derivation, the back-calculated PODs provide additional 2633 

quantitative support for the reliability of the rodent POD for human health risk assessment.  2634 

 2635 

The BMD modeling graph for the Aiso et al. (2005b) chronic inhalation POD is provided in 0 and also 2636 

copied below into Figure 2-4 for reference. Table 2-9 summarizes the inhalation POD selections for both 2637 

intermediate and chronic exposure scenarios, including confidence ratings. For the risk evaluation, 2638 

chronic inhalation risk estimates and conclusions will have higher confidence than intermediate 2639 

estimations, however for some exposure scenarios chronic exposures may not be applicable and the 2640 

intermediate risk estimates may need to be considered. The confidence and weight of scientific evidence 2641 

for chronic scenarios are discussed thoroughly in Section 2.3.3.1.3. 2642 
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 2643 
Figure 2-4. BMD Modeling Graph for the Chronic Inhalation POD 2644 
Eosinophilic globules from Aiso et al. (2005b); (JBRC, 1995). 2645 

 2646 

 2647 

Table 2-9. PODs for Risk Estimation of Intermediate and Chronic Inhalation Exposures 2648 

Target Organ 

System 

(Scenario) 

Species 

Study 

Duration/ 

Frequency 

Study  

POD 
Effect HEC/D 

Uncertainty 
Factors 
(UFs) 

Reference(s) OQD Confidence 

Multiple 

hazard 

outcomes  

(intermediate) 

A reliable POD was not identified. A range of POD options for the purposes of risk 

screening are shared in Appendix F, however the chronic inhalation POD is considered 

more precise for risk estimation, when applicable. 

Moderate for range, 

slight for point 

estimate 

Respiratory 

Toxicity 

(chronic) 

Rats 2 years;  

6 h/day,  

5 days/week 

NOAEC 

= 19.8 

ppm 

Olfactory 

epithelium 

histo-

pathology 

BMCL10 =  

0.546 ppm 

(3.28 mg/m3) 

 

UFA= 3; 

UFH=10;  

Total UF=30 

Aiso et al. 

(2005b); 

JBRC (1995) 

 

 

High Moderate-to 

-Robust 

OQD = Overall Quality Determination 

 2649 

Intermediate and Chronic Oral Exposures: As discussed above, a 28-day oral study in dogs (Monsanto 2650 

Chemical Company, 1995) reported similar findings as the equivalent inhalation study (Biodynamics, 2651 

1991) The oral 28-day study has the same statistical uncertainty as the inhalation study, with only two 2652 

dogs tested per sex.  2653 

 2654 

A 1-year oral dog study (Monsanto Chemical Company, 1996) that used the intermediate oral study 2655 

(Monsanto Chemical Company, 1995) as range-finding observed consistent signs of liver toxicity at 50 2656 

mg/kg-day with the BMDL10 for increased liver weight ranging between 3.4 and 3.7 mg/kg-day across 2657 

the sexes and a BMDL1SD for increased ALP in females of 3.0 mg/kg-day. The value of 3.0 mg/kg-day 2658 

will be used for estimation of chronic risks for liver toxicity from oral exposure because it is the most 2659 

clear indicator of liver damage (as opposed to adaptation). These PODs are expected to be protective of 2660 

kidney effects that were also observed in the study, and this endpoint was also selected for representing 2661 

chronic oral exposures in ATSDR (2006) and EPA OPP (2018). This study also included 6-month 2662 

clinical biochemistry measurements, which represent a more sensitive intermediate duration compared 2663 

to 28-days, while the larger sample size (n = 3–5 dogs per sex for each dose group) allowed for 2664 

successful BMD modeling and greater statistical confidence in the result. While organ measurements 2665 
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could not be taken, increased ALP is consistent across all exposure durations from 28 days through 1 2666 

year of exposure, with effects on organ weight and histopathology seen at terminal 28-day and 1-year 2667 

timepoints. The BMDL1SD for 6-month serum ALP (2.5 mg/kg-day) is more sensitive than the 1-year 2668 

BMDL (3.0 mg/kg-day). This difference is considered statistically random given the consistencies seen 2669 

in the observed outcomes, and the 1-year results are considered the most reliable because they 2670 

correspond to organ weight and histopathological outcomes. Additionally, the 1-year BMD modeling 2671 

result has slightly better visual fit and lower scaled residual near the BMD (Appendix A.4). Therefore, 2672 

the 1-year BMDL will be applied to both intermediate and chronic durations. The previously discussed 2673 

results from (Bornatowicz et al., 1994) for postnatal mortality following oral exposure also are 2674 

applicable to intermediate exposures but the POD from (Monsanto Chemical Company, 1996) is 2675 

considered more robust; the Monsanto POD was previously used for characterizing intermediate 2676 

exposures in ATSDR (2006). 2677 

 2678 

The BMD modeling graphs for serum ALP from both timepoints are provided in 0 and also copied 2679 

below into Figure 2-5 for reference. The selected POD to be used in risk estimation is summarized 2680 

below in Table 2-10, including confidence rating. The confidence and weight of scientific evidence for 2681 

chronic scenarios are discussed thoroughly in Section 2.3.3.1.3. 2682 

 2683 

  2684 

Figure 2-5. BMD Modeling Graphs for Intermediate and Chronic Oral PODs. 2685 
Serum ALP in female dogs from (Monsanto Chemical Company, 1996); left: 6-month timepoint, right: 1-year timepoint 2686 
 2687 

Table 2-10. PODs for Risk Estimation of Oral Intermediate and Chronic Exposures 2688 

Target Organ 

System 

(Route) 

Species Duration 
Study  

POD 
Effect HEC/D 

Uncertainty 
Factors 
(UFs) 

Reference(s) OQD Confidence 

Liver toxicity 

(oral) 

Dogs 1 year; 

5 days/ 

week 

NOAEL = 

10 mg/kg 

Increased liver 

weight + serum 

biochemistry, 

histopathology 

BMDL10 = 

3.0 mg/kg-

day 

UFA= 3; 

UFH=10;  

Total UF=30 

(Monsanto 

Chemical 

Company, 

1996) 

High Robust 

OQD = Overall Quality Determination 

2.3.2.2.6 POD Selection for Risk Estimation of Dermal Exposures 2689 

Route and Exposure Scenario Considerations 2690 

A typical approach for obtaining dermal PODs when dermal toxicity studies are not available is to 2691 

extrapolate from the oral route, in accordance with Part E of the Risk Assessment Guidance for 2692 

Superfund Volume I (U.S. EPA, 2004). In this approach, the oral HED is used directly, with adjustments 2693 

made to the estimated exposed dose based on the reduced relative absorption compared to the oral route 2694 
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(Section 2.2.1). An alternative approach is to derive dermal HEDs. In this method, the relative fractional 2695 

absorption between routes is used to adjust the oral HED, resulting in a higher dermal HED value that 2696 

no longer requires an adjustment to estimated exposures for use in risk estimation. This functionally 2697 

calculates an HED based on external dermal exposure and can be compared directly to the dermally 2698 

loaded dose (i.e., without an absorption adjustment). This approach can only be applied for exposure 2699 

scenarios where fractional absorption is applicable, however. For exposure scenarios where flux rate 2700 

into the skin is the most appropriate measure of absorption, extrapolation from oral PODs would still be 2701 

required because a dermal HED cannot be derived. 2702 

• Fractional (or percentage) absorption is appropriate when a thin layer of chemical is loaded onto 2703 

the skin such that a measurable fraction can be absorbed over a given period of time. These often 2704 

involve instantaneous deposition of chemical onto the surface of the skin (e.g., “splash-type” 2705 

exposures). The fractional absorption may be used to adjust either hazard value or the exposure 2706 

estimate. 2707 

• A flux-based approach applies when the exposure scenario involves a non-depletable dose such 2708 

that the total dose available is more than could ever be absorbed or even contact the skin in a 2709 

given period of time, and a specific fractional absorption cannot be calculated or applied. These 2710 

often involve exposure to a large reservoir of chemical (e.g., hands in a bucket) or an article 2711 

(e.g., deodorizer block). Absorption for these scenarios is measured by applying permeability 2712 

flux rate per exposure time to the estimated external exposure, and this approach cannot be used 2713 

to adjust the hazard value since there is no discrete absorption value. 2714 

Study/Endpoint Selection for Dermal PODs 2715 

A high-quality 21-day dermal toxicity study in adult rats (OPPTS Guideline 870.3200) was performed 2716 

that did not identify any health outcomes following exposure up to 300 mg/kg-day (Biodynamics, 1990). 2717 

Route-specific data is typically most appropriate for POD derivation to avoid the need for route-to-route 2718 

extrapolation, assuming that the route-specific information is protective of relevant hazards. For acute 2719 

exposures, the 21-day rat study is not considered an reasonable surrogate because it is a repeat-dose 2720 

study and it also does not account for reproductive/developmental effects measured in (Bornatowicz et 2721 

al., 1994). For both intermediate and chronic scenarios, the oral POD from (Monsanto Chemical 2722 

Company, 1996) represents adult organ-level toxicity and can be reasonably represented by the adult rat 2723 

dermal study. However, there is uncertainty in the relevance of a NOAEL based on no observed effect at 2724 

the highest dose (lower than a typical limit dose). However, avoiding route-to-route extrapolation would 2725 

remove uncertainty about the impact of first-pass metabolism and other route differences such as 2726 

estimating absorption. Rodent skin is typically more absorbant than human skin, so the dermal value 2727 

represents a conservative POD that may overestimate human effects. 2728 

 2729 

As discussed above, the rat dermal study could only be plausibly applied to repeat-dose effects under 2730 

fractional absorption exposure scenarios, while acute exposures and repeat-dose flux-based exposures 2731 

would still require extrapolation from oral studies. This introduces complexities in the risk assessment, 2732 

especially considering that absorption would need to be incorporated differently (e.g., by adjusting 2733 

exposure vs. hazard estimates) for different exposure durations and scenarios. Given that EPA has robust 2734 

confidence in the oral POD from (Monsanto Chemical Company, 1996) while the dermal POD is based 2735 

on an absence of observed effects and in the less-relevant species of rat for organ level toxicity, oral 2736 

PODs will be used for risk estimation of all dermal exposure scenarios (with absorption accounted for in 2737 

the exposure estimates). 2738 

 2739 

EPA has also derived the alternative dermal POD options using the results from (Biodynamics, 1990) in 2740 

Appendix M for comparison. The Appendix additionally discusses the relative sensitivity of each POD 2741 

option. 2742 
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2.3.2.3 Summary of Non-Cancer Hazard Values Used for Risk Estimation 2743 

Table 2-11 presents the PODs for each duration category, including the applicable route. Due to the 2744 

extensive database, unique PODs were available for each route and duration category. This reduces 2745 

uncertainty in applying PODs to an exposure scenario very different than the study scenario. For 2746 

detailed discussion of the weight of scientific evidence for these endpoints and hazard values (see 2747 

Section 2.3.3).2748 
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Table 2-11. Non-Cancer Points of Departure and Critical Endpoints Used for Risk Estimates of Each Exposure Scenario 2749 

Target Organ 

System 

(Route) 

Species Duration 
Study  

POD 
Effect 

HEC 

(ppm) 

[mg/m3] 

HED 

(mg/kg-d) 

Uncertainty 

Factors (UFs) Reference(s) 
Overall Quality 

Determination Confidence 

Acute exposure scenarios 

Neurotoxicity 

(inhalation) 

Rats 4 h/day NOAEC =  

200 ppm 

 

Reduced grip 

strength and motor 

activity 

BMCL5 =  

49.8 ppm 

[299 mg/m3] 

 

N/A UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1994a) 

High Moderate-to 

-Robust 

Developmental 

toxicity 

(oral/dermal) 

Rats two-

generation 

study; 5 

days/week 

NOAEL =  

30 mg/kg 

 

Postnatal 

mortality 

N/A BMDL5 = 

17.6 mg/kg-

d 

UFA= 3; 

UFH=10;  

Total UF=30 

Bornatowicz et 

al. (1994) 

Medium Moderate 

Intermediate exposure scenarios 

Multiple hazard 

outcomes 

(inhalation) 

A reliable POD was not identified. A range of POD options for the purposes of risk screening are shared in Appendix F, 

however the chronic inhalation POD is considered more precise for risk estimation, when applicable. Screening will 

utilize PODs ranging from 10.4 ppm to 46.8 ppm. 

Moderate for range of values, 

slight for point estimate 

Liver toxicity 

(oral/dermal) 

Dogs 6 months; 

5 days/week 

NOAEL =  

10 mg/kg 

Increased serum 

ALP 

N/A NOAEL =  

3.0 mg/kg-d 

UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1996) 

High Robust 

Chronic exposure scenarios 

Respiratory 

toxicity 

Rats 2 years;  

6 h/day,  

5 days/week 

NOAEC =  

19.8 ppm 

(inhalation) 

Inflammatory 

nasal lesions 

BMCL10 =  

0.546 ppm 

[3.28 mg/m3] 

 

N/A UFA= 3; 

UFH=10;  

Total UF=30 

Aiso et al. 

(2005b); JBRC 

(1995) 

 

High Moderate-to-

Robust 

Liver toxicity 

(oral/dermal) 

Dogs 1 year; 

5 days/week 

NOAEL =  

10 mg/kg 

(oral/dermal) 

Increased liver 

weight, enzyme 

leakage, and 

lesions 

N/A BMDL10 = 

3.0 mg/kg-d 

UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1996) 

High Robust 

2750 
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 Weight of Scientific Evidence Conclusions for Human Health Non-Cancer Hazard 2751 

EPA considered evidence integration conclusions and dose-response considerations and additional 2752 

factors to choose overall hazard confidence levels for the critical health effects based on the following 2753 

characteristics:  2754 

• evidence integration/weight of scientific evidence judgements;  2755 

• selection of most critical endpoint and study; 2756 

• relevance to exposure scenario; 2757 

• dose-response considerations; and 2758 

• PESS sensitivity. 2759 

The following section summarizes the strengths and limitations for each critical hazard endpoint and 2760 

exposure duration, drawing upon information from previous sections and additional considerations as 2761 

needed. The below analysis focuses on the key endpoints, studies, and hazard values supporting the 2762 

PODs to be used for risk evaluation (Table 2-18). Appendix C presents the overall rankings for the 2763 

above characteristics. 2764 

2.3.3.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the 2765 

Hazard Identification and Selection of PODs for Human Health Hazard 2766 

Assessment 2767 

2.3.3.1.1 Acute Non-Cancer  2768 

 2769 

Hazard ID Conclusions and Evidence Integration Judgements 2770 

Both reproductive/developmental and neurological domains had moderate animal evidence, with slight 2771 

mechanistic evidence for reproductive/developmental and slight human evidence for neurological 2772 

outcomes. They had indeterminate evidence for the remaining evidence stream (human or mechanistic). 2773 

While some developmental outcomes could not be confidently associated with acute exposure, the 2774 

database did demonstrate adverse developmental outcomes across different studies and routes. Overall, 2775 

both are supported by the weight of scientific evidence, however they are not the most well-supported 2776 

hazard domains among all outcomes. 2777 

 2778 

Selection of Most Critical Endpoint and Study  2779 

EPA has moderate confidence in the endpoints and studies selected for dose-response analysis for these 2780 

hazard domains, though there was only a single relevant study available for each route. Postnatal 2781 

mortality represents both the most sensitive and most clearly adverse developmental outcome. It is also 2782 

the developmental outcome most relevant to acute exposures. (Bornatowicz et al., 1994) reporting 2783 

mortality on only a per-pup basis opposed to per litter reduces quantitative confidence in the results, the 2784 

magnitude and dose-responsiveness of the effect confirms that it is not merely a statistical anomaly. 2785 

There is moderate-to-robust confidence in reduced grip strength representing neurotoxicity, which is 2786 

from a GLP guideline study, however with a more limited supporting database demonstrating 2787 

neurotoxicity effects. 2788 

 2789 

Relevance to Exposure Scenarios 2790 

The developmental outcomes are from repeated dose studies, so there is uncertainty in applying PODs 2791 

from these studies to acute exposures. However, as discussed in Section 2.3.2.1.2, consistent with EPA 2792 

guidance, irreversible developmental outcomes are considered relevant to single exposures during a 2793 

critical window of development. There is very high confidence in the relevance of the observed 2794 

neurological outcomes to acute exposures because the PODs were obtained from an acute neurotoxicity 2795 
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study that exposed rats for 4 hours. Route-to-route extrapolation is not required, which also increases 2796 

confidence in both sets of PODs for their respective exposure routes. 2797 

 2798 

Dose-Response Considerations 2799 

Both hazard domains were successfully BMD modeled for multiple measures. Multiple outcomes were 2800 

successfully modeled for both postnatal mortality and reduced grip strength, with similar BMDLs 2801 

obtained across measurements. There is uncertainty in the BMD results from (Bornatowicz et al., 1994) 2802 

because the Rao-Scott transformation was required for estimating litter effects, however similar values 2803 

were obtained from both F1 and F2 generations and this statistical approach has been used in a prior 2804 

TSCA risk evaluation (U.S. EPA, 2020). 2805 

 2806 

PESS Sensitivity 2807 

The use of a two-generation study ensures that all relevant lifestages and exposure periods are accounted 2808 

for (e.g., pre-mating, gestation, lactation). EPA also conservatively assumed that the POD from the 2809 

repeat-dose studies are applicable to a single exposure during a critical window. Therefore, EPA has 2810 

very high confidence that the POD for postnatal mortality is protective for PESS. The neurotoxicity 2811 

POD for reduced grip strength was from adult rats and may not account for more subtle neurological 2812 

effects, however the most sensitive sex and biological readout from the study were used for POD 2813 

derivation. 2814 

2.3.3.1.2 Intermediate Non-Cancer 2815 

 2816 

Hazard ID Conclusions and Evidence Integration Judgements 2817 

The weight of scientific evidence for reproductive and developmental effects was discussed above in 2818 

Section 2.3.3.1.1. There is very high confidence in liver effects as there is robust animal evidence across 2819 

diverse species such as mice, rats, guinea pigs, rabbits, and dogs, along with slight human and 2820 

mechanistic evidence. 2821 

 2822 

Selection of Most Critical Endpoint and Study  2823 

Selection of the most critical endpoint for reproductive and developmental effects was discussed above 2824 

in Section 2.3.3.1.1. For liver toxicity, there is very high confidence in the two dog studies representing 2825 

oral and inhalation PODs for liver toxicity. Multiple indicators of liver toxicity were observed, with 2826 

similar observations seen in both studies, while dogs represent both the most sensitive and likely most 2827 

human-relevant species for liver toxicity. 2828 

 2829 

Relevance to Exposure Scenarios 2830 

The selected endpoints for both domains are highly relevant for intermediate exposures. Liver toxicity 2831 

was observed in two 28-day studies, for which the study duration aligns well with the 30-day 2832 

assumption applied for intermediate exposure scenarios. Liver toxicity was only observed following a 2833 

single dose of 1,800 mg/kg p-dichlorobenzene (Umemura et al., 1996), while liver toxicity was present 2834 

at 50 mg/kg-day in a chronic dog study (Monsanto Chemical Company, 1996). Liver effects in the two 2835 

28-day studies were present at 75 mg/kg-day or 168 ppm and above, demonstrating that the intermediate 2836 

PODs appropriately represent the effects of exposure for greater than acute but less than chronic 2837 

duration. The reproductive/developmental PODs considered for intermediate exposures are from a two-2838 

generation study (Bornatowicz et al., 1994; Chemical Manufacturers Association, 1989) and the 2839 

endpoint of postnatal mortality is specifically relevant to early developmental windows; intermediate 2840 

exposures are therefore directly relevant to this outcome and POD. The use of a dermal study 2841 

(Biodynamics, 1990) for dermal risk estimation increases the relevance of that POD by eliminating the 2842 

requirement for route-to-route extrapolation. 2843 
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Dose-Response Considerations 2844 

There is lower confidence in the dose-response results for the liver PODs. Only two dogs per sex were 2845 

tested in each study and the small sample size precluded reliable BMD modeling. Nonetheless, the 2846 

results were consistently observed in a dose-responsive manner and the NOAEL/NOAEC are expected 2847 

to reasonably characterize the PODs for liver toxicity from intermediate exposures. The confidence in 2848 

the POD for reproductive/developmental toxicity from (Bornatowicz et al., 1994) is reduced because 2849 

Rao-Scott transformation was required and nested modeling was not possible. Pup deaths from 2850 

(Chemical Manufacturers Association, 1989) were modeled as nested values, which allowed for 2851 

statistical consideration of inter- and intra-litter covariates. However, there is lower confidence in this 2852 

POD due to uncertainty in the quantification of air concentrations in the study and because the reduction 2853 

in number of living pups has varying interpretations with an approximately 2-fold difference in the 2854 

resulting POD. EPA has moderate confidence that the range of inhalation PODs across all relevant 2855 

studies represent reasonable bounds for risk estimation, however there is only slight confidence in any 2856 

particular value. The dermal study (Biodynamics, 1990) proposed as an alternative option for use in 2857 

dermal risk estimation has considerable dose-response uncertainty because the POD is based on the 2858 

absence of an effect, and it is up to 3-fold lower than the equivalent HED from oral studies. 2859 

 2860 

PESS Sensitivity 2861 

The liver POD is reasonably protective of PESS because the most sensitive and relevant species was 2862 

used. However, chemical-specific data are not available to investigate the impact various susceptibility 2863 

factors may have on liver toxicity and the lack of BMD modeling reduces the precision of the estimate 2864 

for defining the safe threshold. As discussed in Section 2.3.3.1.1, developmental and reproductive 2865 

effects are highly PESS relevant with the most sensitive and severe developmental endpoint used for 2866 

POD derivation. 2867 

2.3.3.1.3 Chronic Non-Cancer  2868 

 2869 

Hazard ID Conclusions and Evidence Integration Judgements 2870 

The weight of scientific evidence for reproductive and developmental effects was discussed above in 2871 

Section 2.3.3.1.1. The weight of scientific evidence for liver effects was discussed above in Section 2872 

2.3.3.1.1. There is very high confidence in respiratory effects based on moderate evidence from both 2873 

animals and humans. 2874 

 2875 

Selection of Most Critical Endpoint and Study  2876 

Selection of the most critical endpoint for reproductive and developmental effects was discussed above 2877 

in Section 2.3.3.1.1. There is moderate confidence in the endpoint and study for respiratory toxicity. The 2878 

human study was not reliable for use in dose-response analysis (Section 2.3.2.1.4), and most other 2879 

animal studies were less than chronic in length or only examined lung-specific effects. The critical 2880 

endpoint of olfactory inflammatory histopathology has been used by several prior assessments and is 2881 

from a high-quality study, however it is still a unique finding in the database. For liver toxicity, there is 2882 

very high confidence in the chronic dog study indicating liver toxicity. Multiple indicators of liver 2883 

toxicity were observed, with dose-responsive increases in severity and dogs representing the most 2884 

sensitive and relevant species. 2885 

 2886 

Relevance to Exposure Scenarios 2887 

The (Aiso et al., 2005b; JBRC, 1995) study used for the respiratory toxicity POD is a chronic study that 2888 

exposed rodents for two years and is directly applicable to chronic exposures. The liver POD is from a 2889 

1-year dog study that is technically less than chronic duration (i.e., 10% of the expected lifetime), 2890 

however it is substantially longer than a traditional intermediate study and sufficiently represents 2891 
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expected systemic outcomes from chronic exposure. The (Bornatowicz et al., 1994) study is two-2892 

generation and, while the total study duration approaches that of a chronic study, p-dichlorobenzene is 2893 

not bioaccumulative (U.S. EPA, 2026d), the study duration cuts across multiple generations, and the 2894 

effects are specific to gestation or early developmental lifestages. This outcome is therefore not the most 2895 

relevant for characterizing toxicity from chronic exposure, however the effects observed are likely to 2896 

similarly apply to longer exposures. Consideration for using the dermal study (Biodynamics, 1990) is 2897 

discussed in Section 2.3.3.1.2. 2898 

 2899 

Dose-Response Considerations 2900 

There is relatively high confidence in the dose-response analysis for respiratory toxicity from (Aiso et 2901 

al., 2005b; JBRC, 1995) as olfactory inflammatory lesions were successfully BMD modeled and the 2902 

result closely aligns with PODs from previous assessments. Confidence is slightly reduced however 2903 

because the specific measurement modeled was ordinally scored and involved the subjective decision to 2904 

combine the top two categories, with an elevated incidence observed in controls. There was also a less 2905 

consistent dose-response observed for other indicators of respiratory toxicity. Despite a reduced sample 2906 

size in the 1-year dog study (Monsanto Chemical Company, 1996), liver toxicity was successfully 2907 

modeled for both increased liver weight and increased serum ALP. Indicators of toxicity were dose-2908 

responsive and as discussed in Section 2.3.3.1.1, also duration-responsive when compared to other 2909 

studies. Dose-response considerations for reproductive/developmental toxicity from (Bornatowicz et al., 2910 

1994) are discussed in Section 2.3.3.1.1. Consideration for using the dermal study (Biodynamics, 1990) 2911 

is also discussed above in Section 2.3.3.1.2. 2912 

 2913 

PESS Sensitivity 2914 

EPA has high confidence that the POD for respiratory toxicity is protective of PESS populations as it is 2915 

the most sensitive POD across all health effects and durations, including developmental toxicity. The 2916 

effect of olfactory epithelium histopathology represents a portal of entry effect that is likely more 2917 

sensitive than any systemic outcome because dilution of the environmental air concentration by 2918 

absorption and other processes is less relevant. PESS considerations for liver toxicity were discussed in 2919 

Section 2.3.3.1.2 and the PESS sensitivity to developmental and reproductive effects were discussed in 2920 

Section 2.3.3.1.1. 2921 

2.4 Cancer Hazard Assessment 2922 

 Hazard Identification  2923 

Existing assessments of p-dichlorobenzene’s carcinogenic potential have reached diverging conclusions 2924 

despite relying on the same underlying rodent carcinogenicity database, which demonstrates increased 2925 

incidence of hepatocellular tumors in mice in long term bioassays. The EPA’s Office of Pesticide 2926 

Programs (OPP) Cancer Assessment Review Committee (CARC), in its 2007 re-evaluation, classified p-2927 

dichlorobenzene as “Not Likely to be Carcinogenic to Humans (U.S. EPA, 2018). The CARC concluded 2928 

that convincing evidence supported a non-mutagenic, mitogenic mode of action for the observed liver 2929 

tumors, with the key events of this MOA determined to be plausible in humans. Australia’s National 2930 

Industrial Chemicals Notification and Assessment Scheme (NICNAS) concluded that the observed 2931 

mouse liver tumors are not human relevant due to significant interspecies difference in metabolism 2932 

(NICNAS, 2000). The Texas Commission on Environmental Quality (TCEQ), citing uncertainties 2933 

related to interspecies metabolic differences, determined that available inhalation cancer data were 2934 

inadequate to derive a cancer-based Effects Screening Level (ESL) (TCEQ, 2015). 2935 

 2936 

In contrast, other agencies classified p-dichlorobenzene as a potential cancer hazard to humans based on 2937 

the same mouse liver tumor findings. The International Agency for Research on Cancer (IARC) 2938 
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classified p-dichlorobenzene as “Possibly Carcinogenic to Humans” (Group 2B), based on sufficient 2939 

evidence of carcinogenicity in animals and inadequate epidemiological evidence in humans (IARC, 2940 

1999). The European Chemicals Agency (ECHA) reached a similar conclusion, classifying p-2941 

dichlorobenzene as Carcinogen Category 3 based on rodent tumor findings observed both oral and 2942 

inhalation exposure studies (ECHA, 2004). National Toxicology Program (NTP) listed p-2943 

dichlorobenzene as “reasonably anticipated to be human carcinogen,” based on clear evidence of 2944 

carcinogenicity in rodents (NTP, 2021).  2945 

 2946 

The available evidence from human epidemiological and laboratory animal studies is reviewed below. 2947 

2.4.1.1 Human Evidence 2948 

EPAs systematic review of the literature identified 22 p-dichlorobenzene epidemiology studies that 2949 

passed PECO screening. Of the 22 p-dichlorobenzene studies, six p-dichlorobenzene studies 2950 

investigated cancer outcomes. These cancer outcomes are non-Hodgkin lymphoma, malignant 2951 

neoplasm, retinoblastoma, brain cancer, and endocrine-related female cancers (defined as breast, 2952 

ovarian, and uterine cancer sites). These studies are described below and summarized by adult cancer 2953 

and child cancer. 2954 

 2955 

Adult Cancer 2956 

Three studies investigated the association between p-dichlorobenzene exposure and three types of adult 2957 

cancer: non-Hodgkin lymphoma (NHL) for women, endocrine-related female cancer, and malignant 2958 

neoplasm of multiple cancer sites in male workers. 2959 

  2960 

1. NHL: Kato (2004) studied women with cancer and the association between cancer and 2961 

occupational exposure and household pesticide use. This was a population-based case-control 2962 

study, and cancer data were from the state cancer registry. Study results showed that NHL is 2963 

significantly associated with exposure to mothballs and insecticides for flying bugs or foggers, 2964 

respectively. However, the concentrations of p-dichlorobenzene in these mothballs and 2965 

insecticides were not identified. The exposure data are from non-specified mixtures. Therefore, 2966 

the causality between p-dichlorobenzene exposure and NHL cannot be identified. 2967 

 2968 

2. Endocrine-related female cancer: A cross-sectional study (Pridgen et al., 2023) considered 2969 

urinary 2,5-DCP as a biomarker of p-dichlorobenzene to evaluate endocrine-related reproductive 2970 

cancers (breast, ovarian, and uterine cancers) among 4459 women, aged 20 years or older. The 2971 

data on urinary 2,5-DCP among the women were obtained from the 2003 to2016 National Health 2972 

and Nutrition Examination Survey (NHANES) and cancer incidence data were from self-2973 

reporting of clinical diagnoses. Results indicated that the adjusted odds ratio for women with 2974 

moderate biomarker levels (1.94 to <28.1 µg/g creatinine) was 1.66 (95%CI: 1.02, 2.71); the 2975 

adjusted odds ratio for women with high biomarker levels (≥28.1 µg/g creatinine) was 1.89 2976 

(95%CI: 1.08, 3.29), as compared with those in the group with low exposure (<1.94 µg/g 2977 

creatinine). Because cross-sectional studies do not provide a causational relationship, study 2978 

results only suggest a potential correlation between p-dichlorobenzene exposure and endocrine-2979 

related reproductive cancers in U.S. women. 2980 

 2981 

3. Malignant neoplasm: A cross-sectional study (Chrostek and Thoburn, 1976) investigated the 2982 

occupational exposure of 39 male workers aged 20 and above during 1974 to 1975 in the silicon 2983 

products department of a General Electric company. This mortality study was conducted in 2984 

collaboration with the plant physician, and copies of death certificates were collected to calculate 2985 

the number and percentage of deaths among workers attributable to malignant neoplasms of the 2986 
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stomach, large intestine, respiratory tract, skin, and lymphosarcoma. Air sampling was conducted 2987 

in 1975 to collect dichlorobenzene, benzene, chlorobenzene, vinyl chloride, lead, and total 2988 

airborne particulates in the silane reactor plant and molding compound operation areas. All air 2989 

samples were personal air samples, and the concentrations were below the lower limit of 2990 

sensitivity (<0.005 mg per sample) for p-dichlorobenzene. The level of p-dichlorobenzene is 2991 

below the limit of detection (LOD), which suggests no appreciable occupational exposure to 2992 

cause cancer deaths in this silicon occupational setting. 2993 

 2994 

Among the three adult cancer epidemiological studies, two studies investigated female populations, and 2995 

one study focused on male workers. Only one cross-sectional study (Pridgen et al., 2023) found a 2996 

potential correlation between p-dichlorobenzene exposure and endocrine-related female cancer. Because 2997 

the cross-sectional study does not provide evidence of causation, EPA concludes that p-dichlorobenzene 2998 

exposure is not causally associated with adult cancer.  2999 

 3000 

Childhood Cancer 3001 

Two childhood cancer epidemiological studies were conducted that evaluated retinoblastoma and brain 3002 

cancer. 3003 

 3004 

1. Retinoblastoma: Heck et al. (Heck et al., 2015) conducted a case-control study called the Air 3005 

Pollution and Childhood Cancer (APCC) Study, which was to examine the association between 3006 

air toxics exposures in pregnancy and the first year of life and retinoblastoma incidence in 3007 

children (103 cases and 30,601 controls). The children (103 cases and 30,601 controls) were 3008 

selected since their residences were within 5 miles of an air pollution monitor and were aged up 3009 

to 6 years old. The retinoblastoma cases were retrieved from the California Cancer Registry with 3010 

cancer diagnoses from 1990 to 2007. Its exposure assessment used air toxics data from air 3011 

pollution monitors. Of the air toxics collected by the California Air Resources Board (CARB), 3012 

the study selected 42 air toxics, but 16 air toxicants were not usable due to insufficient data. 3013 

Logistic regression analyses were adjusted for potential confounders. Statistical results show that 3014 

retinoblastoma risk (1) was increased with pregnancy exposure to p-dichlorobenzene (OR = 3015 

1.24; 95%CI: 1.04–1.49); but (2) was not increased with the exposure to p-dichlorobenzene in 3016 

the child's first year (OR = 1.38; 95% CI: 0.98–1.94), because the OR for the child’s first year 3017 

exposure is not statistically significant due to the 95% confidence interval (CI) including zero. 3018 

According to the TSCA systematic review, the OQD of this study is Medium.  3019 

 3020 

2. Brain cancer: A case-control study (Von Ehrenstein et al., 2016)from APCC investigated 3021 

children by age 6 years residing within 5 miles of monitoring stations at birth and three types of 3022 

brain cancer (primitive neuroectodermal tumors, medulloblastoma, and astrocytoma) during 3023 

1990 to 2007 in California. This study conducted an exposure assessment for 26 air toxicants, 3024 

including p-dichlorobenzene . These air toxicants were collected from the air toxics monitoring 3025 

network, which has been maintained by the California Air Resources Board (CARB). Adjusted 3026 

ORs for p-dichlorobenzene in-utero and first-year-of-life exposure and brain tumors were: (1) 3027 

primitive neuroectodermal tumors (PNET): OR of prenatal = 1.25 (0.96, 1.63); OR of 1st year of 3028 

life = 1.12 (0.72, 1.73), (2) medulloblastoma: OR of prenatal = 0.99 (0.66, 1.48); OR of 1st year 3029 

of life = 1.35 (0.81, 2.23), and (3) astrocytoma: OR of prenatal = 1.11 (0.9, 1.35); OR of 1st year 3030 

of life = 1.05 (0.75, 1.46). The confidence intervals of these all regression models were adjusted 3031 

for potential confounders. Because the ORs included zero, these ORs are not statistically 3032 

significant. Results indicate that there are no significantly positive associations between in utero 3033 

and first year-of-life exposure and the three brain tumor types evaluated (PNET, 3034 
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medulloblastoma, and astrocytoma) in children by age 6 years residing within 5 miles of 3035 

monitoring stations at birth. The OQD of this study is Medium.  3036 

 3037 

In these two childhood studies investigating retinoblastoma and brain cancer, respectively, only 3038 

retinoblastoma was found to be statistically significantly associated with maternal pregnancy exposure. 3039 

However, the exposure was estimated using air pollution monitors located within 5 miles of the 3040 

residence, so the exposure assessment relied on surrogate estimates. In addition to the surrogate 3041 

exposure estimates, other limitations of this study include the absence of maternal smoking to adjust for 3042 

the analysis results and the lack of RB1 mutation status in the statistical model. California birth 3043 

certificates began reporting maternal smoking status in 2007, so no maternal smoking data before 2007 3044 

were available for statistical analysis. However, Heck et al. (2015) pointed out that previous studies 3045 

showed inconsistent results on whether maternal smoking caused retinoblastoma. Retinoblastoma can 3046 

result from loss or mutation of both RB1 alleles, but this study did not include RB1 loss or mutation as a 3047 

risk factor in the statistical model. Therefore, there are uncertainties in the exposure assessment and 3048 

analysis results for retinoblastoma. In summary, these two childhood studies did not show a strong 3049 

association between p-dichlorobenzene exposure and childhood cancer. 3050 

 3051 

In these study results of adult and child cancer epidemiological studies, only one cross-sectional study 3052 

suggested a potential association between p-dichlorobenzene exposure and cancer (endocrine-related 3053 

female cancer). However, the cross-sectional study cannot provide a causal association. Based on the 3054 

considerations when evaluation causality for epidemiological findings; for example, replication, some 3055 

degree of mechanistic evidence, consistency, and statistical strength—all the evidence showed that 3056 

causality between p-dichlorobenzene exposure and human cancer is less than slight. 3057 

2.4.1.2 Laboratory Animal Evidence 3058 

Laboratory animal studies demonstrate species, sex and route specific carcinogenic responses to p-3059 

dichlorobenzene. Three studies were conducted to evaluate the carcinogenicity of p-dichlorobenzene in 3060 

rodents, including one oral gavage study and two inhalation studies. Early inhalation studies conducted 3061 

by ICIL in 1980 evaluated rats and mice exposed to p-dichlorobenzene at concentrations up to 500 ppm 3062 

and reported no treatment related increases in tumor incidence in either species (ICI Ltd, 1982; Central 3063 

Toxicol Lab, 1980). However, these results were limited by shorter durations (rats, 76 weeks; mice, 56 3064 

weeks) and inadequate histopathological evaluations particularly in the mouse studies.  3065 

 3066 

Subsequently, guideline-compliant chronic cancer bioassays were conducted for oral and inhalation 3067 

exposure, providing a more robust evaluation of carcinogenic potential. In the first, a two-year oral 3068 

gavage study conducted by the NTP, rats received p-dichlorobenzene at doses of 0, 150, or 300 mg/kg-3069 

day and mice received 0, 300, or 600 mg/kg-day (NTP, 1987). The second bioassay was a two-year 3070 

inhalation study in which mice and rats were exposed to p-dichlorobenzene vapor at concentrations of 0, 3071 

20, 75, or 300 ppm for 6 hours per day, 5 days per week (104 weeks) (Aiso et al., 2005b; JBRC, 1995). 3072 

The Maximum Tolerated Dose (MTD) was established based on a 13-week range-finding study in which 3073 

600 ppm exposure resulted in significant growth retardation and liver toxicity, and 300 ppm was 3074 

therefore selected as the highest concentration for the chronic inhalation bioassay to approximate the 3075 

MTD (Aiso et al., 2005a). The original study data were first reported by the Japan Bioassay Research 3076 

center (JBRC) in 1995 and were subsequently peer reviewed and published by Aiso and colleagues 3077 

(Aiso et al., 2005a; JBRC, 1995). The inhalation bioassay followed OECD Test Guideline 453 for 3078 

combined chronic toxicity and carcinogenic studies. 3079 

  3080 
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Liver 3081 

Both inhalation and oral exposure to p-dichlorobenzene induced dose related increases in hepatocellular 3082 

tumors in mice. No increase in liver tumors or neoplastic nodules were reported in rats. In the inhalation 3083 

study (Aiso et al., 2005b; JBRC, 1995), hepatocellular adenomas were observed in male mice at 3084 

incidence of 9/49 (18%) at 20 ppm, 7/50 (14%) at 75 ppm, and 13/49 (26.5%) at 300 ppm, compared 3085 

with 13/49 (26.5%) in controls. These findings are summarized in Table 2-12. Female mice showed 3086 

greater sensitivity, with adenomas increasing from 2/50 (4%) in controls to 20/50 (40%) at 300 ppm 3087 

(10/50 or 20% at 20 ppm; 6/49 or 12% at 75 ppm). Hepatocellular carcinomas demonstrated a much 3088 

stronger response at the highest dose. In males, incidences increased significantly from 12/49 (24%) in 3089 

controls to 17/49 (35%) at 20 ppm, 16/50 (32%) at 75 ppm, and 38/49 (78%) at 300 ppm. Female mice 3090 

exhibited higher sensitivity, with carcinomas increasing from 2/50 (4%) in controls to 41/50 (82%) at 3091 

300 ppm (flat response at lower doses with 4/50 at 20 ppm and 2/49 at 75 ppm).  3092 

 3093 

Table 2-12. Incidence Data for Liver Tumors in Mice Exposed to p-Dichlorobenzene by Inhalation 3094 

Species/Strain/Sex Tumor Type Incidence of Tumors (%) 

Mouse, BDF1 0 20 ppm 75 ppm 300 ppm 

Male mice 

Hepatocellular 

adenoma 

13/49 (26.5%) 9/49 (18.4%) 7/50 (14.0%) 13/49 (26.5%) 

Hepatocellular 

carcinoma 

12/49 (24.5%) 17/49 (34.7%) 16/50 (32.0%) 38/49 (77.6%) a 

Female mice 

Hepatocellular 

adenoma 

2/50 (4.0%) 10/50 (20.0%) 6/49 (12.2%) 20/50 (40.0%) a 

Hepatocellular 

carcinoma 

2/50 (4.0%) 4/50 (8.0%) 2/49 (4.1%) 41/50(82.0%) a 

a Significantly different from control at p ≤ 0.01 by Fisher’s exact test 

Source: Aiso et al. (2005a); JBRC (1995) 

 3095 

Comparable dose related hepatocellular tumor findings were observed in the two-year oral gavage study 3096 

(NTP, 1987). These findings are summarized in Table 2-13. In males, adenoma incidence from controls 3097 

to 300 mg/kg-day to 600 mg/kg-day went from 5/50 (10%) to 13/49 (27%) to 16/50 (32%). Females 3098 

went from 10/50 (20%) to 6/48 (13%) to 21/50 (42%). For carcinomas, incidence was 14/50 (28%) to 3099 

11/49 (22%) to 32/50 (64%) and 5/50 (10%) to 5/48 (10%) to 19/50 (38%) in males and females, 3100 

respectively. Additionally, rare hepatoblastomas were observed within carcinomas at the highest dose in 3101 

male mice and in both sexes exposed via the inhalation route. However, these lesions appeared to arise 3102 

within pre-existing hepatocellular carcinoma rather than as independently initiated neoplasms, and 3103 

histologic continuity between the lesions was also observed.  3104 

 3105 

Table 2-13. Incidence Data for Liver Tumors in Mice Exposed to p-Dichlorobenzene by Oral 3106 

Gavage 3107 
Species/Strain/Sex Tumor Type and Location Incidence of Tumors (%) 

Mouse, BDF1 0 300 mg/kg 600 mg/kg 

Male mice 
Hepatocellular adenoma 5/50 (10%) 13/49 (27%) 16/50 (32%) 

Hepatocellular carcinoma 14/50 (28%) 11/49 (22%) 32/50 (64%) a 

Female mice 
Hepatocellular adenoma 10/50 (20%) 6/48 (13%) 21/50 (42%) a 

Hepatocellular carcinoma 5/50 (10%) 5/48 (10%) 19/50 (38%) a 
a Statistically significant increase compared with vehicle control (p ≤ 0.01), based on NTP life-table and/or incidental tumor 

tests. 

Source: NTP (1987). 

 3108 
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Hepatic histiocytic sarcomas were observed in male mice following inhalation exposure, with incidence 3109 

of 0/49 (0%) in controls, 3/49 (6%) at 20 ppm, 1/50 (2%) at 75 ppm, and 6/49 (12%) at 300 ppm. 3110 

Although the incidence of hepatic histiocytic sarcomas in the high-dose group exceeded both concurrent 3111 

and historical control ranges, the response lacked a clear dose response trend. This tumor occurred only 3112 

in male mice, with an extremely low background incidence (2 cases among 700 historical control 3113 

males). No hepatic histiocytic sarcomas were observed in female mice via the inhalation route or any 3114 

male or female mice exposed via the oral route at any dose level (0–600 mg/kg). Histiocytic sarcoma 3115 

typically originates from immune cells, so the etiology resulting in liver tumors is unknown, but these 3116 

sites may be secondary to other cancer types. 3117 

 3118 

Overall, hepatocellular tumors were observed in both sexes of mice in two studies via both oral and 3119 

inhalation exposure. There was a large increase in tumor incidence at the highest dose, however lower 3120 

doses showed inconsistent increases and occasionally even reduced incidence compared to unexposed or 3121 

lowest-dose groups. Overall, there is a strong indication of liver cancer in mice. The absence of tumor 3122 

responses in rats indicates differential species sensitivity. The hepatoblastomas in mice appeared to be 3123 

secondary to pre-existing hepatocellular carcinomas. Histiocytic sarcomas were not consistently 3124 

observed in both sexes and occurred at a low incidence; they are likely secondary to liver tumors or 3125 

other hematologic malignancies. They also lacked a clear dose response and were considered 3126 

spontaneous. 3127 

 3128 

Lung 3129 

In one inhalation study, p-dichlorobenzene exposure produced a slight increase in bronchioalveolar 3130 

adenomas only in female mice, with incidences of 0/50 (0%) in controls, 3/50 (6%) at 20 ppm, 1/49 3131 

(2%) at 75 ppm, and 3/50 (6%) at 300 ppm (Aiso et al., 2005b; JBRC, 1995). Bronchioalveolar 3132 

carcinoma incidence increased from 1/50 (2%) in controls to 4/50 (8%) at 300 ppm, with no increase at 3133 

lower exposure levels. However, the carcinoma incidence at 300 ppm fell within the upper limit of the 3134 

historical control range (8%) for the testing laboratory (Aiso et al., 2005b). It is more appropriate to base 3135 

historical control limits on a 95% confidence interval instead of the maximum result across all studies, 3136 

so the significance of falling within the very upper end of the range is muted (Zarn et al., 2024). When 3137 

adenomas and carcinomas were combined, though no clear dose response relationship was apparent, a 3138 

significant positive trend was observed and the incidence within the 300 ppm group was significantly 3139 

higher than the control group as determined by Fisher’s exact test. This combined incidence at 300 ppm 3140 

(7/50, 14%) also corresponds to the upper limit of historical controls (1/50 to 7/50, or 2–14%) (JBRC, 3141 

1995). In female mice, bronchioalveolar adenomas and carcinomas exhibited a statistically significant 3142 

trend; however, the high dose incidence within the laboratories historical control range, suggesting 3143 

background variability rather than treatment related effect. In contrast, no lung tumors were observed in 3144 

male mice or in either sex of rats, indicating a species- and sex-specific response. A two-year oral 3145 

gavage study in mice and rats found no evidence of carcinogenicity in the lung in either species (NTP, 3146 

1987). Another study also did not observe any increased incidence in respiratory tissue tumors in mice 3147 

or rats exposed to 75 or 500 ppm p-dichlorobenzene for 76 weeks (rats) or 57 weeks (mice) compared to 3148 

controls (Loeser and Litchfield, 1983). 3149 

 3150 

Overall, though a statistically significant trend for combined bronchoalveolar adenomas and carcinomas 3151 

was observed in female mice and respiratory tissue is a known target for non-cancer effects (Section 3152 

2.3.1.2), the weight of evidence does not support respiratory carcinogenicity of p-dichlorobenzene. 3153 

Increased tumor incidence was limited to one species and one sex, occurred only at the highest exposure 3154 

concentration, lacked a clear-dose response relationship, and remained within the laboratories historical 3155 

control range. Furthermore, a second inhalation study did not report increased respiratory tumors in any 3156 
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tested cohort. Collectively, these findings indicate that the limited lung tumor observations are most 3157 

consistent with background variability rather than a causal effect of p-dichlorobenzene exposure. 3158 

 3159 

Kidney 3160 

The NTP oral gavage study also showed a dose-related increase in rare renal tubular cell 3161 

adenocarcinomas in male rats, with incidence of adenocarcinomas of 1/5 (2%) in controls, 3/50 (6%) at 3162 

150 mg/kg, and 7/50 (14%) at 300 mg/kg. One tubular cell adenoma was observed in a high dose male 3163 

rat. In contrast, the inhalation study found no kidney tumors in male or female rats or mice up to 300 3164 

ppm. The kidney effects observed in male rats are associated with the accumulation of α2µ-globulin, a 3165 

low molecular weight protein produced only in male rats. The MOA is well established and is 3166 

considered not relevant to humans, as α2µ-globulin is not produced in humans, female rats, or mice 3167 

(Swenberg, 1993; U.S. EPA, 1991a). Thus, kidney cancer is not of concern for humans exposed to p-3168 

dichlorobenzene. 3169 

 3170 

Overall, kidney tumors were limited to male rats, occurred only via oral exposure, and involved a rare 3171 

tumor type operating through a male rat specific MOA. The absence of kidney tumors in female rats, 3172 

mice of either sex, or in all inhalation studies supports the conclusion that kidney cancer is not of 3173 

concern for humans exposed to p-dichlorobenzene. 3174 

 3175 

Other  3176 

In addition to the liver and lung effects, p-dichlorobenzene exposure produced relatively few types of 3177 

neoplastic lesions in other organs, primarily in mice. In the oral gavage study, a marginal increase in 3178 

pheochromocytomas of the adrenal medulla was observed in male mice, with incidences of 0/47 in 3179 

controls, 2/48 at 300 mg/kg, and 4/49 (8%) at 600 mg/kg. Although the incidence in the high dose group 3180 

exceeded concurrent controls, it remained within the NTP’s control range and therefore was not 3181 

considered treatment related. Similarly, a few thyroid follicular cell adenomas and carcinomas occurred 3182 

in male mice but without a clear trend or statistical significance. Male mice also exhibited rare 3183 

occurrences of Harderian gland adenoma (2–4%), testicular interstitial cell tumor (2%), and sarcomas or 3184 

hemangiosarcomas in various tissues. The incidence rates of these neoplasms remained within the range 3185 

of historical control data, indicating no treatment related effects. No such increases were observed in 3186 

female mice or in rats of either sex. A marginal increase in mononuclear cell leukemia was noted in 3187 

male rats, but the incidences were within the range of historical controls and were not considered 3188 

treatment related. Neither the oral gavage nor inhalation studies reported increased leukemia in mice of 3189 

either sex. Mesotheliomas were also increased in male rats with a significant positive trend (p = 0.041), 3190 

but even at the highest dose the incidence was only 4/50 and there was a decrease at 150 mg/kg-day 3191 

(0/50) from controls (1/50). 3192 

 3193 

The NTP oral gavage study also showed a dose-related increase in rare renal tubular cell 3194 

adenocarcinomas in male rats, with incidence of adenocarcinomas of 1/5 (2%) in controls, 3/50 (6%) at 3195 

150 mg/kg, and 7/50 (14%) at 300 mg/kg. One tubular cell adenoma was observed in a high dose male 3196 

rat. In contrast, the inhalation study found no kidney tumors in male or female F344 rats up to 300 ppm.  3197 

 3198 

Overall, there is insufficient evidence of carcinogenicity for other cancer types in animals or humans. In 3199 

humans, there is limited evidence of an association with female reproductive cancer and developmental 3200 

neurological cancers; however, a causal link cannot be established, and the evidence is only slight. In 3201 

animals, increased cancer incidence in blood, adrenal gland, Harderian gland, testis, thyroid, and other 3202 

tissues were mild, inconsistent, and within or close to historical control ranges. 3203 
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2.4.1.3 Summary and Weight of Scientific Evidence for Tumor Incidence Evaluation 3204 

Among the tumor types evaluated, only liver tumors in mice were considered treatment related. These 3205 

tumors occurred in both sexes following both inhalation and oral exposure and across multiple long-term 3206 

studies. As a result, hepatocellular carcinomas and adenomas in mice represent the most consistent and 3207 

reproducible finding in animal databases and primary outcome of interest, consistent with conclusions 3208 

previously reached by EPA and other agencies (NTP, 2021; U.S. EPA, 2018; ECHA, 2004; IARC, 3209 

1999).  3210 

 3211 

The weight of scientific evidence from all other tumor types (including kidney, lung, thyroid, adrenal 3212 

and hematopoietic tumors) evaluated in the chronic mouse and rat carcinogenicity studies for p-3213 

dichlorobenzene indicates that most observed tumors were not clearly associated with exposure. 3214 

Specifically, these tumors occurred only at doses above or close to the maximum tolerated dose, lacked 3215 

consistent dose-response relationships, fell within expected biological variability based on historical 3216 

control data, were driven by rodent specific mechanisms. Therefore, only findings from mouse liver 3217 

tumors are suitable for further consideration in accordance with U.S. EPA Guidelines for Carcinogen 3218 

Risk Assessment (U.S. EPA, 2005). However, the biological mechanism underlying these liver tumors 3219 

has not been clearly defined in previous assessments. Given the species-specific nature of response and 3220 

differences in how these tumors have been interpreted for cancer hazard classification and quantitative 3221 

cancer risk assessment, a detailed mode of action analysis was carried out to evaluate the biological 3222 

events leading to tumor formation in mice and their relevance to humans. 3223 

 Genotoxicity Hazard Identification  3224 

The genotoxic and mutagenic potential of p-dichlorobenzene has been investigated in numerous studies 3225 

employing various in vitro and in vivo test systems. Overall, p-dichlorobenzene and its primary 3226 

metabolite, 2,5-dichlorophenol, have consistently demonstrated negative results in a variety of standard 3227 

mutagenicity assays, including bacterial reverse mutation using multiple Salmonella typhimurium 3228 

strains, gene mutation assays in mammalian cells (CHO/HPRT), chromosomal aberration tests, and 3229 

micronucleus tests (U.S. EPA, 2018, 2006b; ECHA, 2004; NICNAS, 2000; IARC, 1999). Although 3230 

some isolated positive findings have been reported in non-standard assays, these were neither 3231 

reproducible nor conclusive and lacked supporting evidence of gene mutations or chromosome 3232 

aberrations in standard guideline-complaint studies (U.S. EPA, 2018; ECHA, 2004; NICNAS, 2000; 3233 

IARC, 1999). In a transcriptomic study that identified gene set predictors of mouse liver genotoxicity or 3234 

non-genotoxicity, p-dichlorobenzene was classified as a non-genotoxic carcinogen using the 3235 

tumorigenic dose of 600 mg/kg-day (Kossler et al., 2015). Similarly, a subchronic benchmark study did 3236 

not identify activation of DNA damage repair related pathways at doses up to 600 mg/kg-day (Thomas 3237 

et al., 2011). In addition, transcript profiles of the livers treated with p-dichlorobenzene were examined 3238 

for genotoxicity using a published gene expression biomarker for genotoxicity. In two acute exposure 3239 

mouse studies and in one rat study, the results were negative for genotoxicity; in a 13-week study there 3240 

was no evidence of genotoxicity at up to 600 mg/kg (described in detail in 0). Consistent with these data, 3241 

existing assessments by various agencies have concluded that p-dichlorobenzene does not exhibit any 3242 

significant genotoxic or mutagenic potential in standard test systems (U.S. EPA, 2018; ECHA, 2004; 3243 

NICNAS, 2000; IARC, 1999). Based on the overall weight of evidence and consistent with conclusions 3244 

from various agencies, p-dichlorobenzene is considered a non-genotoxic chemical, and its 3245 

carcinogenicity in rodents is attributed to species specific, non-genotoxic mechanisms.  3246 
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 Carcinogenic Mode of Action Analysis 3247 

2.4.3.1 Introduction  3248 

As described above, chronic two-year bioassays consistently demonstrate a species-specific response to 3249 

p-dichlorobenzene, with liver tumors consistently observed in male and female mice following both oral 3250 

and inhalation exposure (Aiso et al., 2005b; JBRC, 1995; NTP, 1987). In contrast, no significant 3251 

increases in liver cancer were observed in rats following oral or inhalation routes (Aiso et al., 2005b; 3252 

JBRC, 1995). Such a species-specific pattern of carcinogenicity suggests the potential for unique 3253 

biological etiology underlying the response to p-dichlorobenzene exposure in mice. As discussed in 3254 

Section 2.4.1, divergent conclusions regarding cancer hazard classification and human relevance have 3255 

arisen from the mouse liver tumor findings. The uncertainty regarding their biological basis and 3256 

relevance to human health underscore the importance for this TSCA risk evaluation to conduct an 3257 

updated MOA based on the newest available information. 3258 

2.4.3.2 Consideration of Transcriptomics Data  3259 

Previous assessments that did not derive a cancer hazard value discussed the species-specificity of the 3260 

tumors or the association with increased cell proliferation, but they were unable to clearly identify a 3261 

molecular initiating event (MIE) underlying a specific MOA (U.S. EPA, 2018; ECHA, 2004; NICNAS, 3262 

2000; IARC, 1999) . Since the publication of many of these assessments, advances in molecular biology 3263 

and high-throughput sequencing have enabled the routine measurement of global gene expression 3264 

changes following chemical exposure, commonly referred to as transcriptomics. Transcriptomic 3265 

profiling provides a sensitive means of detecting early biological responses to chemical stressors by 3266 

identifying changes in the expression of genes and biological pathways that may precede overt toxicity 3267 

or tumor promotion. Transcript profiling offers the ability to identify perturbed biological pathways, 3268 

molecular initiating events, and key events that precede apical toxicity, thereby supporting mechanistic 3269 

interpretation of observed effects.  3270 

 3271 

To this end, EPA performed a targeted literature review to identify genomic or transcriptomic evidence 3272 

for potential non-genotoxic mechanisms that could explain the species-specific cancer outcomes. EPA 3273 

then performed a gene expression biomarker analysis of all identified data concerning receptor-mediated 3274 

MOAs (Appendix D). NIEHS, at EPA’s request, conducted a 5-day, whole-body inhalation toxicology 3275 

and genomic dose-response study. This study was performed in female B6D2F1/Crl mice and female 3276 

SD rats (NIEHS, 2025b). EPA independently analyzed the resulting transcriptomic data to characterize 3277 

gene expression changes and identify individual genes or biological pathway activity that can be 3278 

plausibly associated with tumor and associated pre-cancerous outcomes identified within the animal 3279 

toxicity database (U.S. EPA, 2026m). Through benchmark dose modeling of individual genes identified 3280 

to be significantly differentially regulated after p-dichlorobenzene exposure, coordinated changes in 3281 

mouse liver tissues generally occurred at doses lower than those found to elicit a similar response in rat 3282 

livers. This provides evidence that molecular responses occurring in mice are more sensitive than those 3283 

occuring in rats (see Appendix E for an MOA-specific species comparison). In considering the 3284 

coordinated gene expression changes that were characterized as being significantly enriched after p-3285 

dichlorobenzene exposure in both the existing database (Appendix D) and this new study (U.S. EPA, 3286 

2026m), one nuclear receptor previously established as a driver of non-genotoxic rodent liver tumors 3287 

was repeatedly identified. Specifically, the CAR displayed strong coordinated and dose-dependent 3288 

activation as assessed using a set of canonical CAR biomarker genes. 3289 

 3290 

In this draft risk evaluation, transcriptomic data is used for the first time in an EPA cancer assessment to 3291 

inform the MOA of p-dichlorobenzene by linking exposure-related gene expression changes to 3292 

established adverse outcome pathways and toxicological processes. When evaluated within a structured 3293 
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weight-of-evidence framework and in conjunction with traditional toxicological data, transcript profiles 3294 

can improve confidence in hazard identification, support dose-response interpretation and enhance the 3295 

transparency and biological plausibility of risk assessment conclusions (Boobis et al., 2006; U.S. EPA, 3296 

2005). 3297 

2.4.3.3 Proposed MOA Based on OECD AOP 107 3298 

An MOA describes a chemical-specific sequence of key biological events that leads to an adverse health 3299 

outcome, integrating mechanistic and apical data to support hazard identification and risk assessment 3300 

(Boobis et al., 2008; Boobis et al., 2006). In contrast, an AOP is a chemically agnostic framework that 3301 

organizes existing biological knowledge by linking an MIE to an adverse outcome through a series of 3302 

Key Events (KEs), without implying causation for any specific substance (Ankley et al., 2010). While 3303 

AOPs do not establish chemical-specific mechanisms, they provide an organizational framework for 3304 

evaluating whether a particular chemical’s toxicological profile aligns with an established AOP. In 3305 

short, the MOA is a chemical-specific analysis done most often for risk assessment whereas an AOP is 3306 

an agnostic set of biological steps leading to an adverse outcome. As such, in this draft TSD, EPA has 3307 

used OECD AOP 107 as the organizational tool to conduct a MOA analysis. 3308 

 3309 

EPA’s proposed mode of action for p-Dichlorobenzene aligns with AOP 107 (OECD, 2023), which 3310 

describes the key events (KEs) linking CAR activation to hepatocellular adenomas and carcinomas in 3311 

rodents. In addition, previously identified associative events (AEs) (Lake, 2018; Peffer et al., 2018; 3312 

Elcombe et al., 2014) consistent with the evidence available for p-dichlorobenzene MOA for liver 3313 

tumors in mice specifically, are also included. This analysis was performed in accordance with U.S. 3314 

EPA Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005) and the IPCS Mode of 3315 

Action/Human Relevance Framework (Boobis et al., 2006). 3316 

 3317 

Consistent with the biological progression defined in AOP 107 (OECD, 2023), the proposed MOA for 3318 

p-dichlorobenzene, includes the following sequence of key events (KEs) that occur as a consequence of 3319 

chronic exposure to a CAR activating chemical: 3320 

• Molecular initiating event (MIE): Activation of CAR (AOP-Wiki Event ID MIE715) 3321 

• Key Event 1: Altered gene expression specific to CAR activation (AOP-Wiki Event ID KE1214) 3322 

• Associative Events (AE): Hepatocellular hypertrophy (AE1) and increased liver weight (AE2)  3323 

• Key Event 2: Sustained increase in hepatocyte proliferation (AOP-Wiki Event ID KE716) 3324 

• Key Event 3: Development of preneoplastic changes (altered hepatic foci) (AOP-Wiki Event ID 3325 

KE774) 3326 

• Adverse outcome (AO): Formation of hepatocellular adenomas and carcinomas (AOP-Wiki 3327 

Event ID AO719) 3328 

These steps are presented in Figure 2-6 below. 3329 
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Figure 2-6. Proposed CAR-Mediated MOA for p-Dichlorobenzene-Induced Mouse Liver Tumors  3330 
The MOA begins when p-dichlorobenzene activates the nuclear receptor CAR (MIE), triggering downstream gene 3331 
expression responses including Phase I/II xenobiotic gene induction (KE1). The alteration of the CAR-dependent 3332 
genes drives hepatocellular hypertrophy (AE1), increased liver weight (AE2) and sustained hepatocyte 3333 
proliferation (KE2) (which can also contribute to increased liver weight). With chronic exposure, these changes 3334 
progress to preneoplastic foci (KE3) and ultimately to hepatocellular adenomas and carcinomas (AO).  3335 
 3336 

Evidence for each KE and AE is presented below with a primary focus on mouse data. Although both 3337 

rats and mice exhibit CAR activation and related gene expression changes, the development of 3338 

hepatocellular adenomas and carcinomas occurs only in mice. Detailed comparative analysis of species-3339 

specific responses for all key events and the molecular initiating event in rodent liver is provided in 3340 

Appendix E. 3341 

2.4.3.3.1 MIE: Activation of the Constitutive Androstane Receptor 3342 

Although a prior EPA assessment concluded that p-dichlorobenzene induces hepatic tumors through a 3343 

non-genotoxic, mitogenic mechanism with key events determined to be plausible in humans, the 3344 
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assessment did not clearly identify a molecular initiating event underlying a specific MOA (U.S. EPA, 3345 

2018). Based on emerging mechanistic evidence, including a new NIEHS transcriptomic study, 3346 

activation of the CAR is identified as the upstream MIE linking p-dichlorobenzene exposure to 3347 

downstream hepatocellular proliferation and liver tumorigenesis in mice (U.S. EPA, 2026m; NIEHS, 3348 

2025b). CAR is a nuclear receptor that resides in the cytoplasm. Upon activation by xenobiotics, CAR 3349 

dissociates from its cytoplasmic tethering complex, translocates into the nucleus, and subsequently 3350 

modulates the transcription of target genes.  3351 

 3352 

Although there are no studies available examining direct binding of p-dichlorobenzene to CAR, 3353 

mechanistic studies based on CAR signaling biomarkers demonstrate that p-dichlorobenzene activates 3354 

the CAR pathway (U.S. EPA, 2026m; Henderson et al., 2015a; Eichner and Kossler, 2013; Eichner et 3355 

al., 2013) . Transcriptomic analysis of mouse liver responses consistently demonstrates that CAR is 3356 

activated upon exposure to p-dichlorobenzene. CAR activation was examined using a well characterized 3357 

gene expression biomarker that predicts CAR activation (described in Appendix D). A 3-day study in 3358 

C57BL/6J mice administered 600 mg/kg-day p-dichlorobenzene by oral gavage, a dose at which the 3359 

NTP gavage study showed increased tumor incidence, demonstrated significant CAR activation in wild-3360 

type and CAR/PXR (Pregnane X Receptor) humanized mice (hCAR/hPXR), whereas no such response 3361 

occurred in CAR/PXR-null mice (Henderson et al., 2015a). Similarly, in a transcriptomic study using 3362 

male and female CD-1 mice, oral gavage with 600 mg/kg-day p-dichlorobenzene for 3 or 14 days 3363 

resulted in significant CAR activation in both sexes in one or both treatment times (3-day, 14-day) 3364 

(Eichner and Kossler, 2013; Eichner et al., 2013). A 13-week study in B6C3F1 mice revealed a dose-3365 

dependent increase in CAR activation, with statistically significant effects observed at doses of 300 3366 

mg/kg-day or greater (Thomas, 2009). Analysis of transcript profiling experiments shows that p-3367 

dichlorobenzene engages CAR through both oral and inhalation routes (Appendix D). Collectively, these 3368 

transcriptomic studies, together with the loss of response in CAR-null models, provide strong 3369 

mechanistic evidence that p-dichlorobenzene activates CAR, supporting its identification as the primary 3370 

MIE driving downstream effects. 3371 

 3372 

In contrast, CAR activation in rats following p-dichlorobenzene exposure is substantially weaker and 3373 

less consistent than in mice, occuring only at higher exposure levels and across fewer time points, 3374 

indicating clear species differences in CAR responsiveness (U.S. EPA, 2026m; NIEHS, 2025b; Shi, 3375 

2010). A detailed comparison species specific differences in CAR activation between mice and rat is 3376 

provided in Appendix E. 3377 

2.4.3.3.2 KE 1: Altered Gene Expression Specific to CAR Activation 3378 

Following CAR nuclear translocation and heterodimerization with Retinoid X Receptor alpha (RXRα), 3379 

the key cellular event that constitutes KE1 is a coordinated induction of CAR responsive genes within 3380 

hepatocytes. The CAR-RXRα heterodimer binds to specific DNA response elements, thereby 3381 

modulating the transcription of CAR-responsive genes (Yamada et al., 2025; Elcombe et al., 2014). 3382 

These genes are predominantly involved in xenobiotic metabolism, detoxification, and hepatocyte 3383 

proliferation in rodents. This coordinated gene expression program constitutes the initial quantifiable 3384 

biological alteration downstream of CAR activation. In rodents, p-dichlorobenzene exposure elicits a 3385 

consistent CAR-dependent gene expression profile characterized by the induction of canonical CAR 3386 

targets including Cyp2b10 and Cyp2c55 (Lhasa Limited, 2025). Cyp2b10 gene expression is recognized 3387 

as a robust and sensitive indicator of CAR activation in mice and is often used as an event associated 3388 

with CAR activation.  3389 

 3390 

The coordinated induction of specific CAR target genes provides a measurable indicator of this key event. 3391 

EPA examined three well-characterized CAR-responsive genes (Cyp2b10, Cyp2c55, and Cdc20) that 3392 
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demonstrate the consistent induction following CAR activation, as established in phenobarbital studies 3393 

(Henderson et al., 2015a; Oshida et al., 2015a; Geter et al., 2014; Luisier et al., 2014; Eichner et al., 2013). 3394 

These genes represent the downstream transcriptional response, with species-specific expression patterns 3395 

providing insight into CAR pathway sensitivity across rodent species.  3396 

 3397 

EPA examined these genes using the data from the NIEHS 5-day inhalation transcriptomic study (U.S. 3398 

EPA, 2026m; NIEHS, 2025b) and found that the CAR-responsive genes Cyp2b10, Cyp2c55, Cy2c24 3399 

and Cdc20 were increased in both mouse and rat livers, with distinct species-specific dose-response 3400 

patterns (Figure 2-7; Table 2-14).  3401 

 3402 

 3403 

For all genes, except Cdc20, the log2 fold change dose-response in mouse was left shifted compared to 3404 

rats at equivalent doses, indicating that mouse livers were more sensitive to p-dichlorobenzene than rats, 3405 

with more pronounced changes in CAR biomarker gene expression (Figure 2-7). Benchmark dose 3406 

modeling confirmed this species difference (Table 2-14), with benchmark doses for canonical CAR 3407 

target genes approximately 3- to 20-fold higher in rats than in mice. Notably, the relative difference in 3408 

CAR gene expression markedly increased at concentrations above 50 ppm, further supporting the role of 3409 

a CAR signaling threshold at carcinogenic concentrations/doses (U.S. EPA, 2026m). Thus, while the 3410 

CAR AOP operates in both mice and rats, the greater magnitude of CAR responsive gene expression in 3411 

mice is consistent with a species-specific CAR signaling threshold required to drive downstream key 3412 

events and ultimately a tumorigenic MOA. 3413 

  3414 

Figure 2-7. (A) Dose-Response of Log₂ Fold-Change Expression of CAR Biomarker Genes in 

Mouse and Rat Livers Following p-Dichlorobenzene Exposure 
Error bars represent standard error. (B) Log₂ difference in fold change (mouse − rat) for each CAR ortholog pair 

(2-fold difference = 1 log₂ unit).  
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Table 2-14. BMD Modeling Results of Canonical CAR Genes in Mouse or 3415 

Rat Livers Exposed to p-Dichlorobenzene 3416 

Gene 
Mouse BMD 

(ppm) 

Mouse 

BMDL 

(ppm) 

Rat BMD 

(ppm) 

Rat BMDL 

(ppm) 

Cdc20 58.33 13.41 253.48 200.92 

Cyp2b1a 54.95 37.41 143.27 110.17 

Cyp2b2a 54.95 37.41 190.69 131.65 

Cyp2c24b 35.21 24.77 736.13 525.20 
a Homologous to mouse Cyp2b10 
b Homologous to mouse Cyp2c55 

 3417 

Multiple studies have demonstrated that p-dichlorobenzene exposure leads to increased expression of 3418 

CAR target genes or their encoded proteins/enzyme activities in rodent liver. In subchronic gavage 3419 

studies, male B6C3F1 mice administered 300 or 600 mg/kg-day (5 days/week for 1, 4 or 13 weeks) 3420 

exhibited dose-related increases in hepatic Cyp2b enzyme induction (Lake et al., 1997). James et al. 3421 

(1998) showed that p-dichlorobenzene at 600 mg/kg-day administered daily by oral gavage for 2 days 3422 

caused a “large increase” in hepatic Cyp2b1/2 protein levels in B6C3F1 mice; however, quantification 3423 

was not performed. Similarly, Hissink et al. (1997b) demonstrated that repeated oral administration of p-3424 

dichlorobenzene (25–300 mg/kg-day for 1–13 weeks) induced CYP2B activity in B6C3F1 mice. 3425 

Transcriptomic profiling in wild-type, Car/Pxr-null, and CAR/PXR humanized mice treated with p-3426 

dichlorobenzene at 150 or 300 mg/kg-day by oral gavage for 28 days further confirmed CAR-dependent 3427 

induction of Cyp2b10 by p-dichlorobenzene, consistent with prototypical CAR agonists (Pouché et al., 3428 

2017). Additional studies in heme oxygenase 1 (HO-1) reporter mice demonstrated that oral 3429 

administration of p-dichlorobenzene (600 mg/kg-day for 2 days) induced hepatic Cyp2b10 in wild-type 3430 

animals, whereas this response was abolished in CAR-null mice, confirming the requirement of a 3431 

functional CAR in mediating Cyp2b10 upregulation (Henderson et al., 2015b). Overall, these studies 3432 

demonstrate that p-dichlorobenzene modulates hepatic gene expression in mice through a CAR-3433 

dependent MOA, consistent with the transcriptional profile of prototypical CAR activators.  3434 

 3435 

In contrast, CAR responsive gene induction in rats is substantially lower in magnitude than in mice, 3436 

indicating clear species differences in the transcriptional responses to CAR activation. A detailed 3437 

comparison of CAR responsive gene induction between mice and rats is provided in Appendix E. 3438 

2.4.3.3.3 AE: Hepatocellular Hypertrophy (AE1) and Increased Liver Weight 3439 

(AE2) 3440 

One of the most consistent and readily observable effects of CAR activators in rodents is increased liver 3441 

weight driven by hepatocellular hypertrophy. This hypertrophic response is an adaptive response to 3442 

increased functional demand, that can be driven by the increased expression of cytochrome P450 3443 

enzymes and the subsequent expansion of the smooth endoplasmic reticulum, enlargement of the 3444 

cytoplasm and increases in overall cell size (Hall et al., 2012). Although hepatocyte hypertrophy and 3445 

increases in liver weight can arise through other receptor-mediated or adaptive mechanisms, these 3446 

responses are considered events associated with CAR activation, representing biological processes that 3447 

are not essential for the AOP, but can serve as surrogate indicators of the CAR MOA (OECD, 2023; 3448 

Yamada et al., 2021).  3449 

 3450 

Numerous studies have reported dose-dependent increases in both absolute and relative weight, with 3451 

histopathological evidence of centrilobular hepatocellular hypertrophy in rodents treated with p-3452 
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dichlorobenzene. B6C3F1 mice consistently exhibited increases in liver weight at 300 and 600 mg/kg-3453 

day across all study durations, accompanied by minimal hepatocyte hypertrophy after 1 week and 3454 

marked centrilobular hypertrophy after 13 weeks (Lake et al., 1997). In a 13-week gavage study, female 3455 

B6C3F1 mice exposed to p-dichlorobenzene exhibited minimal grade centrilobular hepatocellular 3456 

hypertrophy beginning at 400 mg/kg and above and relative increases in liver weight at 300 mg/kg and 3457 

above (Thomas et al., 2011). Eldridge et al. (1992) similarly observed dose-related increases in relative 3458 

liver weight with pronounced centrilobular hepatocellular hypertrophy at 600 mg/kg-day after 13 weeks 3459 

in B6C3F1 mice. In an NTP study, there was hepatocellular hypertrophy (reported as cytomegaly) at ≥ 3460 

675 mg/kg-day in the 13-week mouse studies (NTP, 1987). Aiso et al. (2005a) reported that BDF1 mice 3461 

exposed to 270 and 600 ppm developed clear dose-related increases in relative liver weight, with 3462 

minimal to moderate centrilobular hypertrophy. Kossler et al. (2015) reported that p-dichlorobenzene 3463 

induced centrilobular hepatocellular hypertrophy in CD-1 mice administered for 14 days. In chronic 3464 

studies, mice exposed to 300 ppm p-dichlorobenzene over 2 years showed marked liver enlargement, 3465 

with mean liver to body weight ratios increasing by 100 to 260% over controls, accompanied by 3466 

prominent hepatocellular hypertrophy (Aiso et al., 2005b).  3467 

 3468 

In contrast, hepatocellular hypertrophy and liver weight increases in rats are generally less pronounced 3469 

and occur at a higher dose than in mice, consistent with the weaker CAR activation observed in rats 3470 

(Hissink et al., 1997b; Lake et al., 1997). Comparative hepatocellular hypertrophy and liver weight 3471 

responses across species are summarized in Appendix E. 3472 

2.4.3.3.4 KE 2: Sustained hepatocyte proliferation 3473 

While hepatocellular hypertrophy is an adaptive response, sustained hepatocyte proliferation (KE2) is a 3474 

critical key event in the CAR-mediated MOA for p-dichlorobenzene induced liver tumors. This 3475 

sustained hepatocyte proliferation is what directly contributes to tumor promotion, as excessive 3476 

proliferation likely induces genomic mutations that allow the transition from normal to immortalized to 3477 

transformed cells. 3478 

 3479 

Multiple studies have demonstrated that p-dichlorobenzene promotes hepatocyte DNA synthesis as 3480 

measured by bromodeoxyuridine (BrdU) labeling index (LI), without causing concurrent hepatotoxicity 3481 

at the same time/dose. A study by Eldridge et al. (1992) showed that a single dose of 600 mg/kg p-3482 

dichlorobenzene induced a marked increase in the hepatocyte BrdU labeling index (LI) within 24 hours 3483 

in B6C3F1 mice, peaking at 48 hours in males. In a 13-week study, the 600 mg/kg-day dose (but not 300 3484 

mg/kg-day dose) produced a pronounced proliferative response during week 1 and was not consistently 3485 

induced at later time points. Similarly, Lake et al. (1997) reported that p-dichlorobenzene elicited a 3486 

sustained increase in hepatocellular proliferation, with significantly elevated BrdU labeling indices 3487 

(indicative of DNA replication) at 300 and 600 mg/kg after 1 and 4 weeks of exposure. Consistent with 3488 

these findings, several studies by Umemura et al. (Umemura et al., 1998; Umemura et al., 1996; 1992) 3489 

found that exposure p-dichlorobenzene induced BrdU labeling with both a more sensitive and more 3490 

sustained response than indicators of toxicity such as necrosis or ALT activity (Umemura et al., 1996). 3491 

The study authors found that hepatocyte proliferation was significantly increased in a dose dependent 3492 

manner B6C3F1 mice, with the strongest elevations observed at higher doses (Umemura et al., 1992). In 3493 

a 4-week study, proliferative activity remained elevated in mice at 600 mg/kg (Umemura et al., 1998), 3494 

corroborating the results of (Lake et al., 1997). Even though there is not any evidence of continuous cell 3495 

proliferation through subchronic and chronic exposure durations, increased DNA replication and cell 3496 

proliferation sustained over several weeks may be sufficient to transform cells.  3497 

 3498 

In addition to stimulating hepatocyte proliferation, there is limited evidence that p-dichlorobenzene also 3499 

suppresses apoptosis, which can contribute to a net increase in cell numbers. A study by James et al. 3500 
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found that 1-2 days of p-dichlorobenzene exposure reduced the level of apoptotic hepatocytes both in 3501 

vivo and in vitro in mice (James et al., 1998) while simultaneously increasing DNA synthesis. Another 3502 

study has confirmed the suppressive effect of p-dichlorobenzene on apoptosis in C. elegans, a model 3503 

species for the study of apoptosis (Kokel et al., 2006).  3504 

 3505 

Overall, these studies demonstrate that p-dichlorobenzene induced CAR mediated sustained hepatocyte 3506 

proliferation in mice. The combined effect of sustained hepatocyte proliferation and possible suppressed 3507 

apoptosis creates a microenvironment that promotes the emergence of preneoplastic foci, a key event 3508 

leading to tumor formation.  3509 

 3510 

In contrast, hepatocyte proliferation in rats following p-dichlorobenzene exposure is transient rather than 3511 

sustained, returning to baseline by week 4 despite initial increases comparable or greater than those seen 3512 

in mice (Umemura et al., 1998; Lake et al., 1997; Eldridge et al., 1992), indicating that the sustained 3513 

proliferative response necessary to drive downstream key events in the CAR MOA is not achieved in 3514 

rats. Species differences in the magnitude and duration of hepatocyte proliferation are discussed in 3515 

Appendix E. 3516 

2.4.3.3.5 KE 3: Development of Preneoplastic Changes (Altered Hepatic Foci) 3517 

Hepatic preneoplastic foci are early clonal outgrowths of initiated hepatocytes commonly identified by 3518 

histopathological features such as eosinophilic, basophilic, or clear cell foci, and are commonly detected 3519 

in medium term studies designed to evaluate these lesions. For p-dichlorobenzene, direct evidence for 3520 

preneoplastic foci in mice is limited, largely because studies specifically designed to detect foci during 3521 

appropriate promotional window have not been conducted. In the NTP two-year bioassay, preneoplastic 3522 

foci were not explicitly reported, yet dose-related increases in nonneoplastic hepatocellular lesions 3523 

(cytomegaly, karyomegaly), occurred in B6C3F1 mice alongside dose-related increases in hepatocellular 3524 

adenomas and carcinomas (NTP, 1987). These cytologic alterations are interpreted as supportive 3525 

indicators of phenotypically altered hepatocyte populations along the progression from sustained 3526 

proliferation to tumors. Similarly, Aiso et al. reported that inhalation exposure to 300 ppm p-3527 

dichlorobenzene led to significant increases in hepatocellular adenomas, carcinomas, and 3528 

hepatoblastomas in mice, but altered cell foci were not described either in 2-year or 13-week studies 3529 

(Aiso et al., 2005b; Aiso et al., 2005a). As noted by Yamada et al. (2021), altered hepatic foci have not 3530 

been examined or reported for several established CAR activators, yet all were assessed as operating 3531 

through a CAR-mediated MOA. Accordingly, the absence of reported classic preneoplastic foci does not 3532 

undermine the establishment of a CAR-dependent rodent liver tumor MOA. Collectively, the dose-3533 

related hepatocellular phenotypic changes observed in chronic bioassays, together with the established 3534 

role of CAR-driven proliferative signaling in mouse liver tumorigenesis (Yamada et al., 2025; OECD, 3535 

2023; Yamada et al., 2021; Lake, 2018) , support the biological plausibility of including preneoplastic 3536 

foci as a key event in p-dichlorobenzene induced liver tumor formation, consistent with the established 3537 

CAR mediated AOP. 3538 

 3539 

In contrast, comparable preneoplastic changes have not been reported in rats following p-3540 

dichlorobenzene exposure. Importantly, unlike mice, a medium-term assay specifically designed to 3541 

evaluate preneoplastic foci was conducted in rats and showed no increase in GST-P positive foci in rats 3542 

(Gustafson et al., 1998). This is consistent with the lack of sustained hepatocyte proliferation in rats and 3543 

indicating that the key event sequence is interrupted before clonal expansion can occur. 3544 

2.4.3.3.6 AO: Hepatocellular Adenomas and Carcinomas 3545 

Hepatocellular adenomas and carcinomas are the adverse outcomes of p-dichlorobenzene exposure in 3546 

mice. Chronic studies consistently demonstrated dose dependent increases in hepatocellular tumors in 3547 
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mice, via both oral and inhalation routes (Aiso et al., 2005b; JBRC, 1995; NTP, 1987). A two-year NTP 3548 

gavage study in B6C3F1 mice resulted in a significant increase in hepatocellular adenomas and 3549 

carcinomas at 300 and 600 mg/kg in both males and females (NTP, 1987). A two-year inhalation 3550 

bioassay yielded similar findings, with a significant increase in hepatocellular adenomas and carcinomas 3551 

in both male and female mice, with clear positive trends observed at the MTD of 300 ppm (Aiso et al., 3552 

2005b; JBRC, 1995). In contrast, rats did not develop liver tumors after oral or inhalation exposure to p-3553 

dichlorobenzene. This is consistent with the sequential reduction in CAR mediated responses in rats, 3554 

where reduced CAR signaling, downstream gene expression, and hepatocyte proliferation are 3555 

insufficient to reach a tumorigenic threshold. 3556 

2.4.3.4 Weight of Scientific Evidence Analysis 3557 

A weight of evidence analysis was conducted in accordance with the EPA’s 2005 Guidelines for 3558 

Carcinogen Risk Assessment (U.S. EPA, 2005) and follows the Bradford Hill criteria (or considerations) 3559 

developed for evaluating epidemiological studies (Hill, 1965). The Bradford Hill considerations are 3560 

indicated in italics in the following discussion. 3561 

2.4.3.4.1 Dose-Response Concordance 3562 

Dose response concordance across key events supports the proposed MOA. Dose dependent increases in 3563 

CAR target gene expression, liver weight, hepatocyte proliferation, altered hepatic foci, and tumor 3564 

incidence have been observed in a number of studies ( Table 2-15). Cancer was only substantially 3565 

increased at the top dose in the two bioassays, 300 ppm (inhalation) and 600 mg/kg-day (oral) (Aiso et 3566 

al., 2005b; JBRC, 1995; NTP, 1987) with reduced incidence at 75 ppm and 300 mg/kg-day, 3567 

respectively. In a 90-day oral study on mice, transcriptional benchmark dose modeling revealed a liver 3568 

weight BMDL (112 mg/kg) below that of tumor incidence (158.3 mg/kg) (Thomas et al., 2011), though 3569 

the BMDL for centrilobular hypertrophy was higher at 257.3 mg/kg-day. In comparison, the BMDLs for 3570 

CAR genes in NIEHS’s study ranged from 13.3 to 37.4 ppm in mice (equivalent to 14.7–41.3 mg/kg-3571 

day, see Table 2-14).  3572 

 3573 

Additionally, the dose-response for CAR activation in mice (Table 2-15) shows a linear increase in CAR 3574 

signaling beginning at 50 ppm. This demonstrates strong dose response concordance between molecular 3575 

and apical outcomes, with CAR activation beginning at lower doses leading to apical pre-cancerous and 3576 

tumor outcomes at higher exposures as CAR signaling increases in parallel.  3577 
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Table 2-15. Dose-Response Concordance of Key Events for p-Dichlorobenzene-Induced Liver 3578 

Tumors in Mice Following Oral and Inhalation Exposure 3579 

Route Dose 
MIE: CAR 

Activation 

KE1: 

Altered 

Gene 

Expression 

Specific to 

CAR 

AE1 and 2: 

Hepatocellular 

Hypertrophy 

and Increased 

Liver Weight 

KE2: 

Sustained 

Hepatocyte 

Proliferation 

KE3: 

Development 

of 

Preneoplastic 

Changes 

(Altered 

Hepatic Foci) 

Adverse 

Outcome 

(AO): 

Hepatic 

Tumors  

 

 

Oral 

100 

mg/kg 

↑1 ↑1 NC2 NE NE NE 

300 

mg/kg 

↑1 ↑1 ↑2,7,8,9 

1 week8,9 

↑8,9 

1 week9 

↑*10 

104 weeks10 

↑10 

104 weeks10 

600 

mg/kg 

↑1,3,4,5,6 

3 days3 

↑1,3,4,5,6 

3 days3 

↑7 ↑ 

1 week8 

↑*10 

 

↑10 

Inhalation 

75 ppm NC11 NC11 NC12 NE NC12 NC12 

150 

ppm 

↑11 

5 days11 

↑11 

5 days11 

NC12 NE NC12 NC12 

300 

ppm 

↑11 ↑11 ↑12,13 

13 weeks13 

NE NC12 ↑12 

 

104 weeks12 

↑ key event observed; NC: no change observed; NE: not evaluated; ↑*reflects increased nonneoplastic changes 

(cytomegaly, karyomegaly) indicative of phenotypically altered hepatocyte populations. Doses are reported as mg/kg-

day (oral) and ppm (inhalation). 1(Thomas, 2009); 2(Thomas et al., 2011); 3(Henderson et al., 2015a); 4(Pouché et al., 

2017);5(Eichner and Kossler, 2013); 6(Eichner et al., 2013); 7(Kossler et al., 2015);8(Lake et al., 1997);9 (Eldridge et 

al., 1992);10(NTP, 1987);11(U.S. EPA, 2026m; NIEHS, 2025b);12(Aiso et al., 2005b);13(Aiso et al., 2005a) 

2.4.3.4.2 Temporality 3580 

Considering multiple studies covering exposure durations from hours to days and up to two years, there 3581 

is clear evidence for the temporal progression of key events along the CAR mediated MOA. CAR 3582 

modulation of target genes occurs within hours and days of p-dichlorobenzene exposure, as evidenced 3583 

by levels of CAR biomarkers ((Henderson et al., 2015a), Appendix D; Table 2-14). Increased liver 3584 

weight has been observed within 24 to 48 hours (James et al., 1998). Sustained hepatocyte proliferation 3585 

and DNA replication is evident during the first days to weeks of continued exposure (James et al., 1998; 3586 

Lake et al., 1997; Umemura et al., 1996; Eldridge et al., 1992). In the NTP study, non-neoplastic hepatic 3587 

changes were noted weeks to months of dosing, whereas preneoplastic foci and hepatocellular tumors 3588 

appeared only after long term exposure (NTP, 1987). This sequence of events, from the initial MIE 3589 

through each biological step to the final adverse outcome, provides evidence for a logical temporal 3590 

association between the key events in the p-dichlorobenzene-induced liver tumor formation in mice. 3591 

2.4.3.4.3 Specificity 3592 

There is clear evidence that that the p-dichlorobenzene alters expression of CAR-dependent downstream 3593 

genes, which are in turn associated with subsequent key events, supporting the plausibility that CAR 3594 

activation plays a role in its hepatocarcinogenic effects. In CAR/PXR-null mice, p-dichlorobenzene 3595 

failed to induce Cyp2b expression, whereas both wild type and CAR/PXR humanized mice show 3596 

pathway activation, demonstrating the CAR-specificity of Cyp2b activation (Pouché et al., 2017). 3597 

Another CAR biomarker, cdc20, is an oncogene that promotes cell proliferation. The weight of evidence 3598 

indicates that these responses depend on CAR activation, as proliferation occurs consistently in wild 3599 

type and is a recognized downstream effect. The alignment of molecular initiating events, downstream 3600 
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key events, and tumor outcomes in mice, indicates that p-dichlorobenzene-induced liver carcinogenesis 3601 

is specific to CAR induction in mice. 3602 

2.4.3.4.4 Strength, Consistency, and Biological Plausibility 3603 

Studies demonstrate a strong, dose-related association between p-dichlorobenzene exposure and liver 3604 

cancer development in mice. Long term studies using both inhalation and oral routes demonstrated a 3605 

reproducible increase in hepatocellular adenomas and carcinomas in multiple mouse strains, including 3606 

B6C3F1, and BDF1, in both males and females, with clear dose-response relationship (Aiso et al., 3607 

2005b; JBRC, 1995; NTP, 1987).  3608 

 3609 

Numerous mechanistic studies have found that p-dichlorobenzene alters the regulation of downstream 3610 

CAR responsive genes, leading to increased CYP2B expression, hepatocellular hypertrophy, stimulates 3611 

sustained hepatocyte proliferation and produces preneoplastic foci and tumors in the liver. Overall, the 3612 

weight of scientific evidence, including the consistent findings across strains, sexes and doses, provides 3613 

strong evidence for strength and consistency in the mode of action. 3614 

 3615 

The proposed MOA for p-dichlorobenzene induced liver tumors in mice is biologically plausible and 3616 

aligns with the U.S. EPA Guidelines for Carcinogen Risk Assessment, which evaluates whether a 3617 

postulated sequence of events is consistent with current understanding of biology (U.S. EPA, 2005). The 3618 

observed sequence in mice, where the CAR activation leads to gene induction, hepatocellular 3619 

hypertrophy, increased liver weight, and sustained proliferation, is consistent with the well-established 3620 

rodent model for non-genotoxic hepatocarcinogenesis. Furthermore, these responses are broadly 3621 

consistent with those produced by other CAR activators, such as phenobarbital, which act through a 3622 

similar sequence of key events in rodents.  3623 

2.4.3.4.5 Coherence 3624 

Coherence is demonstrated by the consistent sequence of molecular, cellular, and pathological responses 3625 

to p-dichlorobenzene, across oral and inhalation routes in both sexes. These responses align with the 3626 

established toxicity profile of non-genotoxic CAR activators. In mice, p-dichlorobenzene activates CAR, 3627 

leading to CAR-induced transcriptional program activation hepatocellular hypertrophy, sustained 3628 

hepatocyte proliferation, preneoplastic foci formation, and ultimately liver tumor development. Overall, 3629 

these cross-strain and cross-route consistencies, combined with the alignment of well characterized 3630 

biology of CAR activators provide a coherent framework for the proposed MOA. 3631 

2.4.3.4.6 Alternative Modes of Action and Uncertainties 3632 

Alternative MOAs have also been evaluated. The overall weight of evidence shows that p-3633 

dichlorobenzene is not mutagenic or genotoxic, with most studies in standard genetic toxicology assays 3634 

reporting negative or inconsistent results (Section 2.4.2). Consistent with the lack of genotoxicity, a 14-3635 

day mouse liver study using high oral doses of 600 mg/kg p-dichlorobenzene showed that the resulting 3636 

gene expression profile clustered with known non-genotoxic hepatocarcinogens, leading the study 3637 

authors to classify p-dichlorobenzene as a non-genotoxic carcinogen (Kossler et al., 2015). Using a gene 3638 

expression biomarker that predicts genotoxicity, exposure to p-dichlorobenzene in short-term studies (14 3639 

days or less) or one 13-week study does not increase genotoxicity (Appendix D). Cytotoxicity driven 3640 

regenerative proliferation is also determined to be unlikely. A single dose of p-dichlorobenzene uniquely 3641 

induced hepatocyte proliferation without overt tissue-level injury, distinguishing it from other 3642 

dichlorobenzene isomers where proliferation was secondary to necrosis (Umemura et al., 1996). 3643 

Additional studies have shown that p-dichlorobenzene induces hepatocyte proliferation without 3644 

concurrent hepatotoxicity at up to twice the tumorigenic dose (Lake et al., 1997; Eldridge et al., 1992). 3645 

 3646 
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There is little if any evidence that alternate receptor pathways are activated in the livers of mice after p-3647 

dichlorobenzene exposure. Using a set of gene expression biomarkers that predict receptor activation, 3648 

there was no evidence for activation of the aryl hydrocarbon receptor (AhR), estrogen receptor (ER), or 3649 

peroxisome proliferator-activated receptor alpha (PPARα) across three studies described above 3650 

conducted in mice (Appendix D). Lastly, hepatic Cyp3a activity remained unchanged in mice, indicating 3651 

minimal PXR involvement in p-dichlorobenzene-mediated enzyme induction (Lake et al., 1997).  3652 

 3653 

Transcript profiling studies have provided evidence that the transcription factor Nrf2 is activated upon p-3654 

dichlorobenzene exposure. Activation of Nrf2 is indicative of increases in chemical-induced oxidative 3655 

stress. Using a gene expression biomarker that is predictive of Nrf2 activity, Nrf2 was predicted to be 3656 

activated in parallel with CAR activation (Henderson et al., 2015a; Eichner and Kossler, 2013; Eichner 3657 

et al., 2013; Thomas, 2009). A previous study that comprehensively examined the relationships between 3658 

activation of AhR, CAR and PPARα found a very tight coupling of activation of CAR and NRF2. The 3659 

authors of the study attribute the activation of NRF2 to be secondary to increases in CAR-regulated 3660 

CYP-induced oxidative stress (Rooney et al., 2019). The NIEHS, 5-day whole-body inhalation study in 3661 

rodents provides further support for CAR and NRF2 cross-talk, as this study observed hepatic 3662 

expression of Gstm3, a gene known to be regulated by NRF2 activation (Chanas et al., 2002), was 3663 

significantly dose-dependently increased, with a maximum log2 fold-change of 4.02 after 400 ppm 3664 

exposure to p-dichlorobenzene in mice (U.S. EPA, 2026m; NIEHS, 2025b). Based on these data, 3665 

oxidative stress could be considered a potential associated event of the MOA. Some uncertainty remains 3666 

regarding the origin of this oxidative stress, which may relate to the generally higher oxidative 3667 

metabolism present in mice (Section 2.2.3).  3668 

 3669 

In summary, multiple common cancer MOAs, including genotoxicity, cytotoxicity driven regenerative 3670 

proliferation, and activation of alternative nuclear receptor pathways have been evaluated and are not 3671 

supported by the available data. The consistent induction of canonical CAR target genes, characteristic 3672 

histopathological changes, and concordant tumor outcome across studies demonstrate that the CAR 3673 

mediated MOA is the only plausible MOA supported by the available data for p-dichlorobenzene 3674 

induced liver tumors in mice. 3675 

2.4.3.4.7 Mode of Action Conclusions 3676 

The weight of scientific evidence strongly supports a non-mutagenic MOA for p-dichlorobenzene 3677 

induced liver tumors in mice, initiated by activation of CAR (MIE). CAR modulates CAR specific gene 3678 

expression (KE1), which drives hepatocellular hypertrophy and increased liver weight (AE1). Persistent 3679 

CAR activation promotes sustained hepatocyte proliferation (KE2), leading to the formation of 3680 

preneoplastic foci (KE3). Under chronic exposure at or above a tumor threshold dose of 300 mg/kg in 3681 

mice, these events progress to the development of hepatocellular adenomas and carcinomas (AO).  3682 

 Human Relevancy 3683 

In accordance with the IPCS Framework for Analyzing the Relevance of a Cancer Mode of Action for 3684 

Humans (Boobis et al., 2006), EPA has considered the following decision framework, as outlined in the 3685 

IPCS Framework for analysing the relevance of a cancer MOA (Boobis et al., 2006).  3686 

 3687 
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 3688 

Figure 2-8. IPCS Framework for Analysing the Relevance of a Cancer MOA (Boobis et al., 2006) 3689 

 3690 

Is the Weight of Evidence Sufficient to Establish the Mode of Action (MOA) in Animals? 3691 

Yes. The weight of evidence is sufficient to establish the MOA in animals. Chronic p-dichlorobenzene 3692 

exposure causes hepatocellular adenomas and carcinomas across different mouse strains and routes of 3693 

administration. Mechanistic studies reveal that p-dichlorobenzene activates CAR, which leads to the 3694 

hepatocyte proliferation. The prolonged CAR activation drives progression from preneoplastic foci to 3695 

tumors in mice. This CAR mediated sequence of events is consistent with other known CAR activators 3696 

including phenobarbital.  3697 

 3698 

Can Human Relevancy of the MOA Be Reasonably Excluded on the Basis of Fundamental, 3699 

Qualitative Differences in Key Events Between Animals and Humans? 3700 

Yes. The complete set of linked key events in the animal MOA are not plausible in humans. Converging 3701 

mechanistic, in vitro, in vivo, and human data indicate that the CAR-mediated MOA for liver tumor 3702 

formation in mice is not relevant to humans at environmental or therapeutic exposure levels (Yamada et 3703 

al., 2025; Bae et al., 2024; Felter et al., 2018) . A number of comprehensive evaluations including those 3704 

conducted by expert review panels synthesize this evidence which is summarized below.  3705 

 3706 

A central line of evidence against human relevance is that CAR itself, its regulation, and its downstream 3707 

transcriptional networks differ substantially between rodents and humans. Rodent CAR is readily 3708 

activated by a broad range of xenobiotics, including phenobarbital‑type compounds, whereas human 3709 

CAR demonstrates a different ligand spectrum, lower sensitivity to some classic rodent CAR activators, 3710 

and more complex regulation. Compounds that are strong rodent CAR activators often show weaker or 3711 

YES

NO

NO
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MOA not
Relevant
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Relevant

NO Proceed with
risk assessment

Proceed with
risk assessment

Is the weight of 

evidence sufficient to 

establish a mode of 

action (MOA) in 

animals?

Can human relevancy of the 

MOA be reasonably excluded 
on the basis of fundamental, 

qualitative differences in 

key events between 
animals and humans?

Can human relevancy of the 

MOA be reasonably excluded 
on the basis of quantitative 

differences in either kinetic or 

dynamic factors between
animals and humans?
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qualitatively different activation profiles in human CAR assays. Transcriptomic and promoter analyses 3712 

indicate species‑specific target gene repertoires. While both rodent and human CAR regulate 3713 

xenobiotic‑metabolizing enzymes (e.g., CYP2B family members), the extent to which CAR controls 3714 

genes involved in cell cycle progression, apoptosis, and growth signaling appears markedly greater in 3715 

rodents. The genes central to sustained hepatocyte proliferation and tumor promotion are robustly 3716 

induced in rats and mice but minimally or inconsistently altered in human models. These differences in 3717 

receptor activation and downstream transcriptional control mean that even when humans are exposed to 3718 

CAR‑activating compounds, the full mitogenic cascade seen in rodent liver is not recapitulated.  3719 

  3720 

Evidence from in vitro experiments is particularly influential in evaluating human relevance. Primary 3721 

rodent hepatocytes exposed to CAR activators typically show increased DNA synthesis and cell 3722 

proliferation as well as hypertrophic and hyperplastic changes consistent with the in vivo phenotype 3723 

(Yamada et al., 2025, 2021; Lake, 2018). Primary human hepatocytes, in contrast, fail to exhibit 3724 

sustained increases in proliferation in response to the same CAR activators exposed under similar 3725 

conditions and show enzyme induction (e.g., CYP upregulation) without coupled mitogenesis (Yamada 3726 

et al., 2025). There are multiple studies in which human hepatocyte cultures exposed to phenobarbital or 3727 

other CAR activators show robust induction of CAR‑regulated xenobiotic‑metabolizing genes, but no 3728 

parallel activation of cell cycle markers or proliferative responses comparable to rodents. This 3729 

dissociation, enzyme induction without mitogenesis, is a key mechanistic argument against a human 3730 

liver cancer hazard via the rodent CAR MOA. 3731 

  3732 

Humanized mouse models provide a powerful in vivo test of whether human liver tissue supports the 3733 

rodent CAR‑driven tumorigenic cascade. In mice with humanized livers (chimeric mice repopulated 3734 

with primary human hepatocytes), chronic exposure to CAR activators induces xenobiotic metabolism 3735 

in the human hepatocytes (confirming functional CAR signaling) but does not produce the same degree 3736 

of hepatocellular proliferation, liver enlargement, or preneoplastic lesion formation observed in 3737 

wild‑type or rodent‑hepatocyte-bearing controls (Yamada et al., 2025). Thus, the human hepatic 3738 

environment does not engage in the proliferative‑tumorigenic sequence, even when CAR is activated, 3739 

and drug‑metabolizing genes are induced. This in vivo human‑relevant evidence strongly supports 3740 

species specificity. 3741 

  3742 

A critical component of MOA evaluation is whether anticipated tumor outcomes are observable in 3743 

human populations chronically exposed to known rodent CAR activators. Phenobarbital has been used 3744 

for decades as an antiepileptic and sedative in humans. Large epidemiologic and clinical datasets have 3745 

been examined and do not show a consistent, causal increase in liver cancer incidence attributable to 3746 

phenobarbital use (Yamada et al., 2025). When elevated risks are observed, they tend to be confounded 3747 

by underlying disease, co‑medications, or lifestyle factors and do not follow the rodent‑like pattern of 3748 

liver tumorigenesis. For other CAR‑activating enzyme inducers, including some industrial chemicals 3749 

and legacy pharmaceuticals, regulatory and post‑marketing surveillance data similarly lack a clear, 3750 

dose‑related liver cancer signal in humans at relevant exposure levels. This epidemiologic record is 3751 

consistent with the mechanistic and experimental evidence: humans do not experience the pronounced, 3752 

CAR‑mediated proliferative drive that characterizes rodent liver tumor formation.  3753 

  3754 

To summarize, a large body of evidence shows that the CAR liver MOA is qualitatively not induced in 3755 

human livers and thus is not relevant to humans (Yamada et al., 2025, 2021; Lake, 2018). The evidence 3756 

includes differences in CAR activation and target‑gene regulation, rodents are highly responsive to 3757 

CAR‑mediated mitogenic signals, while humans are not; human hepatocytes do not show rodent‑like 3758 

proliferative responses, despite CAR activation and enzyme induction; humanized liver mouse models 3759 

fail to reproduce the rodent proliferative/tumorigenic phenotype, even under CAR‑activating conditions; 3760 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11181087
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7174533
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13027792
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11181087
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7174533


PUBLIC RELEASE DRAFT 

April 2026 

Page 96 of 194 

epidemiologic data for prototypical CAR activators (e.g., phenobarbital) do not show an associated 3761 

increase in liver cancer risk. Based on these considerations, as detailed in the comprehensive reviews 3762 

(Yamada et al., 2025; Bae et al., 2024; Felter et al., 2018; Elcombe et al., 2014), the CAR‑mediated liver 3763 

cancer mode of action in rodents is not considered relevant for predicting liver cancer risk in humans. 3764 

 3765 

The weight of evidence strongly supports that p-dichlorobenzene induces liver tumors in mice through a 3766 

non-mutagenic, CAR-mediated MOA. Alternative MOAs were evaluated and determined to be 3767 

unsupported by the available data. Importantly, the absence of liver tumors in rats is consistent with this 3768 

MOA, as the sequential reduction of CAR mediated responses across the MIE and KE1 results in 3769 

insufficient signaling magnitude to sustain hepatocyte proliferation at KE2, interrupting the key event 3770 

sequence before tumor formation can occur. Key downstream events such as CAR activation, sustained 3771 

hepatocyte proliferation, and tumor formation are well documented in mice but are not plausible in 3772 

humans due to substantial species-specific differences in CAR signaling and the absence of a 3773 

proliferative response in human hepatocytes. Overall, the mouse liver tumors formed through CAR 3774 

mediated MOA are not considered predictive of human cancer risk. Table 2-16 summarizes cross-3775 

species analysis of the CAR mediated MOA for p-dichlorobenzene induced liver tumor formation, 3776 

including key mechanistic events and their relevance to humans. 3777 

 3778 

Table 2-16. Cross-Species MOA Analysis of p-Dichlorobenzene-Induced, CAR-Mediated Liver 3779 

Tumor Formation, Summarizing Key Mechanistic Events and Their Relevance to Humans 3780 

MOA Step Mice Rat Human 

Metabolic profile High conversion to reactive 

hydroquinones/benzoquinones; 

contributes to oxidative stress  

Metabolism to 2,5-DCP 

(≈90%); rapid urinary 

excretion; limited reactive 

intermediates 

CYP2E1 mediated oxidation to 

2,5 DCP; efficient detoxification 

with minimal reactive species 

formation 

MIE Strong CAR activation  Moderate CAR activation hCAR activation demonstrated 

in humanized mice 

(hCAR/hPXR models) 

KE1  Strong CAR-dependent gene 

expression 

CAR responsive gene 

expression 

Evidence of CAR-responsive 

gene induction (e.g., CYP2B6) 

by p-dichlorobenzene is not 

evaluated 

KE2 Strong and sustained increase 

in replicative DNA synthesis 

with centrilobular hypertrophy 

and hepatocyte proliferation 

Transient hypertrophy and 

hepatocyte proliferation 

No evidence of increased 

proliferation in human 

hepatocytes in vitro or in 

humanized mice following 

exposure to p-dichlorobenzene 

or other CAR activators  

KE3  Development of preneoplastic 

changes (cytomegaly and 

karyomegaly as indicators of 

phenotypically altered 

hepatocyte populations) 

Not observed No altered foci observed in 

humanized liver models treated 

with CAR activators (Yamada et 

al., 2025, 2021; Lake, 2018)  

AO Positive: increased incidence 

of hepatocellular adenomas 

and carcinomas in chronic 

bioassays 

Negative: no evidence of 

liver tumor formation in 

chronically exposed rats 

Epidemiological and clinical 

studies of CAR activators show 

no association with liver cancer, 

supporting that this AOP is not 

relevant to human cancer 
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MOA Step Mice Rat Human 

risk.(Yamada et al., 2025, 2021; 

Lake, 2018)  

Key Event 

Relationships  

Sequential chain: CAR 

activation → gene induction 

→ proliferation → foci → 

tumors with strong biological 

plausibility, temporal 

concordance, and dose–

response consistency in 

rodents 

KER sequence interrupted 

at KE2: only transient 

hepatocyte proliferation 

observed; pathway does not 

progress to KE3 or the 

adverse outcome 

KER sequence interrupted at 

KE2: no hepatocyte 

proliferation observed with p-

dichlorobenzene or other CAR 

activators; pathway does not 

progress to KE3 or the adverse 

outcome 

Weight of 

Evidence 

Conclusion 

Strong CAR-dependent MOA: 

CAR activation → gene 

induction → sustained 

proliferation → tumor 

formation 

Moderate CAR activation 

→ transient proliferation → 

no tumor formation 

MOA qualitatively not plausible 

for humans; CAR activation 

does not translate to 

proliferation or tumors; p-

dichlorobenzene 's CAR-

mediated liver tumors are 

mouse-specific 

 Cancer Classification 3781 

Under the Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005), EPA reviewed the weight of 3782 

evidence and determined that p-dichlorobenzene is Not Likely to be Carcinogenic to Humans. Consistent 3783 

with Executive Order 14303 on Restoring Gold Standard Science, this classification is based on 3784 

evidence that liver tumors observed in mice and kidney tumors observed in rats occur via modes of 3785 

action that are not considered human relevant, and there is insufficient weight of scientific evidence for 3786 

other cancer types. 3787 

 Weight of Scientific Evidence Conclusions for Cancer 3788 

Based on the overall weight of evidence, EPA determined that p-dichlorobenzene is Not Likely to be 3789 

Carcinogenic to Humans.” Tumors observed in animal studies resulted from well-established rodent 3790 

specific mechanisms, specifically CAR-mediated hepatocellular carcinogenesis in mice. EPA’s MOA, 3791 

supported by a range of transcriptomic and toxicology data across exposure routes, determined that these 3792 

mechanisms are not relevant to humans. Other tumor types evaluated were not supported by consistent 3793 

dose response relationships, occurred predominantly at or near the maximum tolerated dose, and fell 3794 

within the range of historical control tumor incidence. Overall, EPA has robust to moderate confidence 3795 

in this classification. 3796 

2.5 Consideration of PESS and Aggregate Exposure 3797 

 Hazard Considerations for Aggregate Exposure 3798 

EPA has defined aggregate exposure as “the combined exposures from a chemical substance across 3799 

multiple routes and across multiple pathways” (89 FR 37028, May 3, 2024, 40 CFR 702.33). 3800 

Aggregation across routes could be biologically relevant because for acute and intermediate exposures, 3801 

consistent health outcomes were observed via both inhalation and oral exposure. Additionally, the same 3802 

PODs will be used for oral and dermal exposure. However, given the physical-chemical properties of p-3803 

dichlorobenzene (U.S. EPA, 2026i; Liu and Dickhut, 1994) and the limited dermal absorption (Section 3804 

2.2.1), non-inhalation routes are likely to be very minor contributors to the overall risk for the chemical. 3805 
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 PESS Based on Greater Susceptibility 3806 

In this section, EPA addresses subpopulations expected to be more susceptible to p-dichlorobenzene 3807 

exposure than other populations. Table 2-17 presents the data sources that were used in the PESS 3808 

analysis that evaluated susceptible subpopulations and identifies whether and how the subpopulation 3809 

was addressed quantitatively in the risk evaluation of p-dichlorobenzene.  3810 

 3811 

EPA examined sources of biological susceptibility for each of the susceptibility factors in the below 3812 

table. The Agency quantitatively incorporated these considerations into hazard values and subsequent 3813 

risk estimates when possible; however, for many factors EPA did not identify any reasonably available 3814 

information to support quantitative adjustment of hazard/risk values. For these other factors, the Agency 3815 

acknowledges either direct or indirect information suggesting additional susceptibility of certain 3816 

subpopulations.  3817 

 3818 

EPA was able to directly incorporate lifestage susceptibility into hazard values for non-cancer endpoints. 3819 

The endpoints used for risk estimation of acute exposures represent developmental outcomes following 3820 

exposure to pregnant females and developing offspring. A 10× UFH factor was applied to account for 3821 

human toxicokinetic and toxicodynamic variability, which is expected to account for considerations 3822 

such as genetic polymorphisms and existing disease states. EPA is also using the most sensitive relevant 3823 

species of dog and the results for the most sensitive sex for deriving PODs to be used in risk estimation.3824 
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Table 2-17. PESS Evidence Crosswalk for Biological Susceptibility Considerations 3825 

Susceptibility 

Factor 

Examples of 

Specific 

Factors 

Direct Evidence This Factor  

Modifies Susceptibility to p-Dichlorobenzene 

Indirect Evidence of Interaction with Target 

Organs or Biological Pathways Relevant to p-

Dichlorobenzene 
Susceptibility Addressed in 

Risk Evaluation? 

Description of Interaction Key Citations Description of Interaction Key Citations 

Lifestage 

Embryos/ 

fetuses/infants  

Multiple studies observed effects 

on fetuses and newborn pups 

following gestational exposure. 

Effects included congenital 

defects, pre- and post-natal 

mortality, and reduced fetal body 

weight. 

Section 2.3.1.3.2  

 

 The acute PODs to be used for 

risk estimation are based on 

postnatal mortality. 

Pregnancy/ 

lactating status 

The developmental and 

reproductive toxicity outcomes 

are based on two-generation 

studies that include exposure 

during gestation and lactation.  

Section 2.3.1.3.2   The acute PODs to be used for 

risk estimation are based on 

exposure during gestation, 

including repeated-dose studies 

where appropriate, in 

accordance with EPA guidance 

(U.S. EPA, 1991b). 

Males of 

reproductive 

age 

Effects were observed on sperm 

quality and testis histopathology. 

(Takahashi et al., 

2011; Aiso et al., 

2005b; JBRC, 

1995) 

  The NOAEC for testis 

mineralization is the same 

NOAEC for the chronic POD of 

olfactory lesions that represents 

the most sensitive hazard value. 

Children Postnatal mortality was observed 

in multiple two-generation 

studies and lactational exposure 

may have contributed to their 

mortality. 

Section 2.3.1.3.2   The acute PODs to be used for 

risk estimation are based on 

postnatal mortality. Additional 

susceptibility is expected to be 

covered by the 10× UFH. 

Elderly   Lung function is reduced in the 

elderly, making them more 

susceptible to p-dichlorobenzene-

induced respiratory effects. 

(Luoto et al., 

2019) 

This susceptibility is expected 

to be covered by the 10× UFH. 
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Susceptibility 

Factor 

Examples of 

Specific 

Factors 

Direct Evidence This Factor  

Modifies Susceptibility to p-Dichlorobenzene 

Indirect Evidence of Interaction with Target 

Organs or Biological Pathways Relevant to p-

Dichlorobenzene 
Susceptibility Addressed in 

Risk Evaluation? 

Description of Interaction Key Citations Description of Interaction Key Citations 

Pre-existing 

disease or 

disorder 

Health 

outcome/ 

target organs 

  Any pre-existing condition 

affecting a target organ will 

increase susceptibility to p-

dichlorobenzene -toxicity in that 

organ. 

 This susceptibility is expected 

to be covered by the 10× UFH. 

Toxicokinetics   Higher rates of metabolism 

resulting in increased reactive 

metabolites or glutathione 

depletion would increase 

susceptibility, especially for liver 

and kidney toxicity. 

Sections 2.2.3, 

2.4.3, 2.3.1.1.3, 

2.3.1.5.3 

This susceptibility is expected 

to be covered by the 10× UFH. 

Lifestyle 

activities 

Smoking Spirometry scores were worse for 

smokers compared to non-

smokers among the p-

dichlorobenzene-exposed 

population in a cross-sectional 

study. 

(Elliott et al., 

2006) 

A regular smoking habit or 

exposure to second-hand tobacco 

smoke has a clear effect on 

respiratory function, especially in 

younger lifestages. 

(Vianna et al., 

2008 2008, 

3237061) 

Qualitative discussion in this 

section and table only. The 

cross-sectional data is not 

reliable for use in dose-

response. 

Sociodemo-

graphics 

Sex Several health effects observed 

following p-dichlorobenzene 

exposure often demonstrated 

differential sensitivity across 

sexes. 

 

Distribution of p-

dichlorobenzene across organs 

differs across sexes in rats. 

Sections 2.3, 

2.4.1 

  Either the most sensitive sex 

from rodent assays was used for 

non-cancer dose-response 

modeling, or if both sexes were 

modeled the most sensitive 

POD was selected for use in risk 

estimation. 

Nutrition Diet p-dichlorobenzene distributes 

readily to adipose tissue, 

suggesting that obesity may 

result in higher body burden for a 

given exposure. 

Section 2.2.2   Qualitative discussion in this 

section and table only. 

Quantitative data for this 

chemical is not available based 

on differing eating habits or 

obesity. 
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Susceptibility 

Factor 

Examples of 

Specific 

Factors 

Direct Evidence This Factor  

Modifies Susceptibility to p-Dichlorobenzene 

Indirect Evidence of Interaction with Target 

Organs or Biological Pathways Relevant to p-

Dichlorobenzene 
Susceptibility Addressed in 

Risk Evaluation? 

Description of Interaction Key Citations Description of Interaction Key Citations 

Genetics/ 

epigenetics 

Health 

outcome/ 

target organs 

  Genetic and environmental factors 

affect gene expression promoting 

respiratory immune responses. 

 

Any polymorphism or mutation 

impacting biological functions for 

critical organ systems would 

impact susceptibility to p-

dichlorobenzene. 

(Tarlo, 2006) Qualitative discussion in this 

section and table only. No direct 

evidence available. 

Toxicokinetics   Higher rates of metabolism 

resulting in increased reactive 

metabolites or glutathione 

depletion would increase 

susceptibility, especially for liver 

and kidney toxicity. 

Sections 2.2.3, 

2.4.3, 2.3.1.1.3, 

2.3.1.5.3 

This susceptibility is expected 

to be covered by the 10× UFH. 

Other 

chemical and 

nonchemical 

stressors 

Built 

environment 

  Poor-quality housing is associated 

with a variety of negative health 

outcomes.  

(ODPHP, 

2023a) 

No direct evidence available. 

Social 

environment 

  Social isolation and other social 

determinants (e.g., decreased social 

capital, stress) can lead to negative 

health outcomes. 

(ODPHP, 

2023b) 

No direct evidence available. 

Chemical co-

exposures 

  Exposure to other chemicals that 

impact the same organ systems 

could result in additive or 

synergistic toxicity. 

U.S. EPA 

(2003, 1986) 

No direct evidence available. 

3826 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5024038
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11145995
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11145995
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11145996
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11145996
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=192145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=192145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1468


PUBLIC RELEASE DRAFT 

April 2026 

Page 102 of 194 

2.6 Human Health Hazard Conclusions 3827 

In this human health assessment of p-dichlorobenzene, EPA derived distinct non-cancer PODs for 3828 

inhalation and oral/dermal routes and for each duration category to be used for risk estimation. Table 3829 

2-18 lists the studies and corresponding HECs, HEDs, and UFs that EPA is using for risk 3830 

characterization following acute, intermediate, and chronic exposure, respectively. For consistency, all 3831 

HEDs are expressed as daily doses and all HECs are based on daily, continuous concentrations (24 3832 

hours/day) assuming a breathing rate for individuals at rest. Adjustments to exposure durations and 3833 

frequencies and breathing rates are made in the exposure estimates used to calculate risks for individual 3834 

exposure scenarios. Previous sections and systematic review supplemental files (U.S. EPA, 2026e, f, g) 3835 

provide information on key studies.  3836 

 3837 

Hazard values were not derived for cancer because EPA determined that p-dichlorobenzene is Not Likely 3838 

to be Carcinogenic to Humans. 3839 
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Table 2-18. Summary of Non-Cancer PODs for Use in Risk Estimation 3840 

Target Organ 

System 

(Route) 

Species Duration 
Study 

POD 
Effect 

HEC/D 

(units) 

[mg/m3 if 

Applicable] 

Uncertainty 

Factors 

(UFs) 

Reference(s) OQD Confidence 

Acute exposure scenarios 

Neurotoxicity 

(inhalation) 

Rats 4 h/day NOAEC = 

200 ppm 

Reduced grip strength 

and motor activity 

BMCL5 =  

49.8 ppm 

(299 mg/m3) 

 

UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1994a) 

High Moderate-to-

Robust 

Developmental 

toxicity 

(oral/dermal) 

Rats 2-generation study; 5 

days/week 

NOAEL = 

30 mg/kg 

Postnatal mortality BMDL5 =  

17.6 mg/kg 

UFA= 3; 

UFH=10;  

Total UF=30 

Bornatowicz et 

al. (1994) 

Med. Moderate 

Intermediate exposure scenarios 

Multiple hazard 

outcomes 

(inhalation) 

A reliable POD was not identified. A range of POD options for the purposes of risk screening are shared in Appendix F, 

however the chronic inhalation POD is considered more precise for risk estimation, when applicable. Screening will utilize 

PODs ranging from 10.4 ppm to 46.8 ppm. 

Moderate for range of 

values, slight for point 

estimate 

Liver toxicity 

(oral/dermal) 

Dogs 6 months; 5 

days/week 

NOAEL = 

10 mg/kg 

Increased serum ALP BMDL10 =  

3.0 mg/kg 

UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1996) 

High Robust 

Chronic exposure scenarios 

Respiratory 

toxicity 

(inhalation) 

Rats 2 years; 6 h/day,  

5 days/week 

NOAEC =  

19.8 ppm 

 

Olfactory epithelium 

histopathology 

BMCL10 =  

0.546 ppm (3.28 

mg/m3) 

 

UFA= 3; 

UFH=10;  

Total UF=30 

Aiso et al. 

(2005b); JBRC 

(1995) 

 

High Moderate to 

Robust 

Liver toxicity 

(oral/dermal) 

Dogs 1 year; 5 days/week NOAEL =  

10 mg/kg 

Increased liver weight 

+ serum 

biochemistry, 

histopathology 

BMDL10 = 3.0 

mg/kg 

UFA= 3; 

UFH=10;  

Total UF=30 

Monsanto 

Chemical 

Company 

(1996) 

High Robust 

OQD = Overall Quality Determination (for the study itself) 

3841 
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3 ENVIRONMENTAL HAZARD ASSESSMENT 3842 

3.1 Approach and Methodology 3843 

EPA used studies with overall quality determinations of high and medium to characterize the 3844 

environmental hazards of p-dichlorobenzene for surrogate species representing various receptor groups, 3845 

including aquatic vertebrates, aquatic invertebrates, aquatic plants and algae, terrestrial vertebrates, 3846 

terrestrial invertebrates, and terrestrial plants. Hazard studies with mammalian wildlife exposed to p-3847 

dichlorobenzene were not available; therefore, EPA used ecologically relevant endpoints from the 3848 

laboratory rat and mouse studies (model organisms that are commonly used to evaluate human health 3849 

hazards) to establish a hazard threshold for terrestrial vertebrates. Although two studies with overall 3850 

quality determinations of high and medium containing avian hazard data were available for exposures to 3851 

p-dichlorobenzene, no apical hazards (i.e., growth, mortality, reproduction) were observed in those 3852 

studies. Because no apical endpoints were measured in avian studies, EPA was not able to establish a 3853 

hazard threshold for avian species. 3854 

 3855 

TSCA requires that EPA use data and/or information in a manner consistent with the best available 3856 

science and that the Agency base decisions on the weight of scientific evidence. To meet the TSCA 3857 

science standards, EPA applies a systematic review process to identify data and information across 3858 

taxonomic groups for both aquatic and terrestrial organisms with a focus on apical endpoints (e.g., those 3859 

affecting survival, growth, or reproduction). The data collection, data evaluation, and data integration 3860 

stages of the systematic review process are used to develop the hazard assessment to support the 3861 

integrative risk characterization. EPA completed the review of environmental hazard data and 3862 

information sources during risk evaluation using the data quality review evaluation metrics and the 3863 

rating criteria described in the 2021 Draft Systematic Review Protocol Supporting TSCA Risk 3864 

Evaluations for Chemical Substances (U.S. EPA, 2021) and the Draft Systematic Review Protocol for p-3865 

dichlorobenzene (U.S. EPA, 2026l). Studies identified and evaluated by the Agency were assigned an 3866 

overall quality determination of high, medium, low, or uninformative. Study quality was evaluated 3867 

based on a rubric that included consideration of the following seven overarching domains: test 3868 

substance, test design, exposure characterization, test organism, outcome assessment, 3869 

confounding/variable control, and data presentation/analysis. Several metrics within each of these 3870 

domains were evaluated for each study, and an overall study quality determination was assigned based 3871 

on the overall evaluation. Because data on toxicity of p-dichlorobenzene are numerous, EPA 3872 

systematically evaluated all data for this hazard characterization but relied only on high- and medium-3873 

quality studies for purposes of hazard characterization.  3874 

 3875 

A species sensitivity distribution (SSD) analysis was used to derive an acute aquatic hazard threshold. 3876 

An SSD is a model of the variation in sensitivity of species to a particular chemical stressor and is 3877 

generated by fitting a statistical distribution function to the proportion of species affected as a function 3878 

of concentration or dose. Empirical data included in the SSD analysis were limited to LC50 values 3879 

(concentration which is lethal to 50% of test organisms) at or below the limit of water solubility (81.3 3880 

mg/L p-dichlorobenzene). Predicted hazard data were also generated using EPA’s Web-Based 3881 

Interspecies Correlation Estimation Web-ICE (v 4.0) toxicity predictions tool (U.S. EPA, 2024c). A 3882 

deterministic approach was used to derive all other environmental hazard thresholds. 3883 

3.2 Aquatic Species Hazard 3884 

EPA reviewed studies for p-dichlorobenzene toxicity to aquatic organisms. Studies that received an 3885 

overall quality determination of high or medium quality were used to derive hazard thresholds and are 3886 
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detailed in sub-sections below. Studies that received an overall quality determination of low or 3887 

uninformative were reviewed and considered but not used to derive hazard thresholds.  3888 

 Acute Toxicity of p-Dichlorobenzene in Aquatic Vertebrates and Invertebrates 3889 

Overall, acute toxicity of p-dichlorobenzene on aquatic vertebrates was observed with 96-hour LC50s 3890 

for mortality ranging from 1.00 mg/L in bluegill to 14.2 mg/L in fathead minnow (Table 3-1). Static 3891 

acute toxicity tests on fry, juvenile, and sub-adult fathead minnows exposed to p-dichlorobenzene found 3892 

fry were more sensitive (95% CI 3.3–3.7 mg/L) than juveniles (95% CI 12.1–17.3 mg/L) and sub-adults 3893 

(95% CI 9.7–14.5 mg/L) (Mayes et al., 1983). In 96-hour static toxicity tests, larval American flagfish 3894 

were exposed to p-dichlorobenzene yielding an LC50 of 4.48 mg/L (95% CI 4.02–4.99 mg/L) (Smith et 3895 

al., 1991). Concurrent flow-through toxicity tests yielded larval flagfish LC50s from 3.07 with 12 hours 3896 

exposure to 2.05 after 96 hours exposure (Smith et al., 1991). Exposure to p-dichlorobenzene yielded a 3897 

larval fathead minnow 96-hour LC50 of 2.85 mg/L (2.34–3.48 mg/L) and a larval guppy 96-hour LC50 3898 

of 2.90 mg/L (2.18–3.88 mg/L) (Sum et al., 1993). Notably, in 96-hour acute toxicity tests, 2 mg/L of p-3899 

dichlorobenzene was fatal to all adult wild caught bluegill; whereas, 1.3 mg/L produced partial 3900 

mortality, and 0.7 mg/L had no morality yielding a 96-hour LC50 of 1.0 mg/L (Dow Chemical, 1982a). 3901 

 3902 

Toxicity data are typically log-normally distributed with central tendencies best represented by 3903 

geometric means. The geometric mean of all acute hazard endpoints for aquatic vertebrates across 3904 

species, durations, and life stages was 3.01 mg/L LC50; the geometric mean of 96-hour toxicity tests 3905 

across aquatic vertebrate studies was 3.09 mg/L LC50 (Table 3-1). Empirical data evaluated (Table 3-1 3906 

were consistent with estimated toxicity using the Ecological Structure and Activity Relationships 3907 

(ECOSAR) Predictive Model Version 2.2 (U.S. EPA, 2022). Specifically, the 96-hour fish acute toxicity 3908 

ECOSAR estimate (Chemical Class: Neutral Organics) was 6.96 mg/L LC50 providing additional 3909 

confidence in available data. 3910 

 3911 

The bolded values in Table 3-1 and Table 3-2 describe data which were used as inputs for generating 3912 

Web-ICE predictions and within a SSD analysis. Specifically, LC50 values from 96-hour toxicity tests 3913 

evaluating mortality were used as this duration provided a more robust dataset and allowed for 3914 

standardized and comparable measures of acute toxicity. 3915 

 3916 

Table 3-1. Acute Toxicity of p-Dichlorobenzene in Aquatic Vertebrates 3917 

Test Organism 

(Species) 

Hazard Values 

(mg/L) 
Endpoint 

Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

1.30 LC50 96 Mortality Dow Chemical 

(1974) 

(Medium) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

1.67 EC50 96 Neurological Dow Chemical 

(1974) 

(Medium) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

1.12 LC50 96 Mortality Ahmad et al. 

(1984) (Medium) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

1.1E−03 EC50 96 Behavioral 

(Abnormal 

swimming 

behavior) 

Ahmad et al. 

(1984) (Medium) 
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Test Organism 

(Species) 

Hazard Values 

(mg/L) 
Endpoint 

Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

1.2 LC50 24 Mortality Calamari et al. 

(1982) 

(Uninformative) 

Fathead minnow 

(Pimephales 

promelas) 

4.20 LC50 96 Mortality Carlson and 

Kosian (1987) 

(Medium) 

Fathead minnow, 

fry (Pimephales 

promelas) 

3.60 LC50 96 Mortality Mayes et al. 

(1983) (Medium) 

Fathead minnow, 

juvenile 

(Pimephales 

promelas) 

14.2 LC50 96 Mortality Mayes et al. 

(1983) (Medium) 

Fathead minnow, 

sub-adult 

(Pimephales 

promelas) 

11.7 LC50 96 Mortality Mayes et al. 

(1983) (Medium) 

Fathead Minnow 

(Pimephales 

promelas) 

2.85 LC50 96 Mortality Sum et al. (1993)  

(High) 

Fathead Minnow 

(Pimephales 

promelas) 

4 LC50 96 Mortality Veith et al. 

(1983) (Medium) 

Fathead Minnow 

(Pimephales 

promelas) 

2.4 LC50 96 Mortality Curtis et al. 

(1979) 

(Uninformative) 

Fathead Minnow 

(Pimephales 

promelas) 

30 LC50 96 Mortality Curtis and Ward 

(1981) 

(Low) 

American flagfish 

(Jordanella 

floridae) 

3.07 LC50 12 Mortality Smith et al. 

(1991) (Medium) 

American flagfish 

(Jordanella 

floridae) 

3.07 LC50 24 Mortality Smith et al. 

(1991) (Medium) 

American flagfish 

(Jordanella 

floridae) 

3.07 LC50 36 Mortality Smith et al. 

(1991) (Medium) 

American flagfish 

(Jordanella 

floridae) 

2.11 LC50 48 Mortality Smith et al. 

(1991) (Medium) 

American flagfish 

(Jordanella 

floridae) 

2.05 LC50 72 Mortality Smith et al. 

(1991) (Medium) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912296
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Test Organism 

(Species) 

Hazard Values 

(mg/L) 
Endpoint 

Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

American flagfish 

(Jordanella 

floridae) 

2.05 LC50 96 Mortality Smith et al. 

(1991) (Medium) 

Bluegill (Lepomis 

macrochirus) 

1.00 LC50 96 Mortality Dow Chemical 

(1982a) 

(Medium) 

Bluegill (Lepomis 

macrochirus) 

4.5 LC50 24 Mortality Buccafusco et al. 

(1981) 

(Uninformative) 

Bluegill (Lepomis 

macrochirus) 

4.3 LC50 96 Mortality Buccafusco et al. 

(1981) 

(Uninformative) 

Guppy (Poecilia 

reticulata) 

2.90 LC50 96 Mortality Sum et al. (1993) 

(High) 

Sheepshead 

Minnow 

(Cyprinodon 

variegatus) 

7.2 LC50 48 Mortality Heitmuller et al. 

(1981) 

(Uninformative) 

Sheepshead 

Minnow 

(Cyprinodon 

variegatus) 

7.4 LC50 72 Mortality Heitmuller et al. 

(1981) 

(Uninformative) 

Sheepshead 

Minnow 

(Cyprinodon 

variegatus) 

7.4 LC50 96 Mortality Heitmuller et al. 

(1981) 

(Uninformative) 

Zebrafish 

(Danio rerio) 

5.48 EC50 48 Development/Gr

owth 

(Weil et al., 

2009) (High) 

Zebrafish 

(Danio rerio) 

22.2 LC50 96 Mortality Versonnen et al. 

(2003) (Low) 

Zebrafish 

(Danio rerio) 

4.2 LC50 24 Mortality Calamari et al. 

(1982) 

(Uninformative) 

Zebrafish 

(Danio rerio) 

>12 

5.48 

LC50 

EC50 

Not Applicable (gene expression 

test) 

(Weil et al., 

2009) (High) 

Bolded values indicate vertebrate data used to derive acute aquatic COC using SSD (96-hour durations) (Appendix J). 

The acute aquatic COC generated incorporated both vertebrate and invertebrate (Table 3-2) data. 

  3918 

Overall, acute toxicity of p-dichlorobenzene on aquatic invertebrates ranged from 1.57 mg/L 24-hour 3919 

EC50 in midges (Mcintyre, 1988) to 21.4 mg/L 24-hour LC50 in daphnia (Gersich et al., 1986). Static 3920 

acute daphnid toxicity tests yielded a geometric mean 48-hour LC50 of 11.6 mg/L (95% CI 9.5 – 15.5) 3921 

(Gersich et al., 1986). Midges in a static 24-hour exposure at room temperature exhibited behavioral 3922 

effects with an EC50 of 2.546 mg/L (Mcintyre, 1988). A 48-hour NOEC of 15 mg/L was determined for 3923 

developmental defects in wild-caught sea urchins based on nominal concentrations (Pagano et al., 1988).  3924 

 3925 
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The geometric mean of all acute hazard endpoints for aquatic invertebrates across species and durations 3926 

is 8.16 mg/L. The empirical data evaluated were generally consistent with estimated toxicity using the 3927 

Ecological Structure and Activity Relationships (ECOSAR) (Appendix K) predictive model version 2.2 3928 

(U.S. EPA, 2022). Specifically, the 48-hour daphnid acute toxicity ECOSAR estimate (Chemical Class: 3929 

Neutral Organics) was 6.04 mg/L LC50 providing additional confidence in available data. 3930 

 3931 

Table 3-2. Acute Toxicity of p-Dichlorobenzene in Aquatic Invertebrates  3932 

Test 

Organism 

(Species) 

Habitat 

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Water flea 

(Daphnia 

magna) 

Pelagic 3.2 EC50 24 Immobilization Kühn et al. (1989) 

(Medium) 

Water flea 

(Daphnia 

magna) 

Pelagic 11.2 

16.7 

21.4 

LC50 24 Mortality Gersich et al. (1986) 

(High) 

Water flea 

(Daphnia 

magna) 

Pelagic 10.5 

10.9 

13.5 

LC50 48 Mortality Gersich et al. (1986) 

(High) 

Water flea 

(Daphnia 

magna) 

Pelagic 1.6 IC50 24 Immobilization (Calamari et al., 

1982) 

(Uninformative) 

Water flea 

(Ceriodaphnia 

dubia) 

Pelagic 1.3 EC50 48 Immobilization Rose et al. (1998) 

(Uninformative) 

Brine shrimp 

(Artemia 

salina) 

Pelagic 1.4E−05 LC50 24 Mortality Abernethy et al. 

(1986) 

(Uninformative) 

Daggerblade 

grass shrimp 

(Palaemon 

pugio) 

Epibenthic 60.0 LC50 96 Mortality Curtis and Ward 

(1981) (Low) 

Daggerblade 

grass shrimp 

(Palaemon 

pugio) 

Epibenthic 129.2 LC50 48 Mortality Curtis et al. (1979) 

(Uninformative) 

Daggerblade 

grass shrimp 

(Palaemon 

pugio) 

Epibenthic 69 LC50 96 Mortality Curtis et al. (1979) 

(Uninformative) 

Midge 

(Chironomus 

riparius) 

Benthic 1.574 at 

10 °C 

2.546 at 

room 

temperature 

EC50 24 Behavioral Mcintyre (1988) 

(Medium) 

Midge 

(Tanytarsus 

dissimilis) 

Benthic 22.1 LC50 24 Mortality Call et al. (1983) 

(Uninformative) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10527398
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3.2.1.1 Acute Aquatic Concentration of Concern  3933 

EPA used a probabilistic approach (an SSD) to derive the acute aquatic concentration of concern for p-3934 

dichlorobenzene. An SSD is a type of probability distribution of toxicity values from multiple species. It 3935 

can be used to visualize which species are most sensitive to a toxic chemical exposure, and to predict a 3936 

concentration of a toxic chemical that is hazardous to a percentage of test species. This hazardous 3937 

concentration is represented as an HCp, where p is the percent of species below the threshold. EPA used 3938 

an HC05 (a Hazardous Concentration threshold for 5% of species) to estimate a concentration that would 3939 

protect 95% of species. This HC05 can then be used to derive a COC, which is the estimated hazardous 3940 

concentration of p-dichlorobenzene in water for aquatic organisms. For the probabilistic approach used 3941 

for p-dichlorobenzene acute aquatic hazard, the lower bound of the 95% confidence interval (CI) of the 3942 

HC05 was used to account for uncertainty. The application of ICE models eliminates the need for AFs by 3943 

extrapolating toxicity to a diversity of species representing a wide range of aquatic taxa with surrogate 3944 

species sensitivity (Awkerman et al., 2014). Raimondo et al. (2025) found that using the lower 95% CI 3945 

as the COC reduced aleatory uncertainty. EPA has more confidence in probabilistic approaches (relative 3946 

to deterministic approaches) when enough data are available because an HC05 is representative of a 3947 

larger portion of species in the environment. Generally, EPA considers the probabilistic approach for 3948 

aquatic hazard (i.e., an SSD) appropriate when hazard values for at least eight species are represented in 3949 

the data set.  3950 

 3951 

The acute COC for aquatic organisms (vertebrates and invertebrates combined) was derived from an 3952 

SSD that contained 48- and 96-hour LC50 empirical data for six species identified in systematic review 3953 

(bolded values in Table 3-1 and Table 3-2). Initial analyses were also bolstered by additional predicted 3954 

EC50 and LC50 values from the Web-ICE v4.0 toxicity value estimation tool. Web-ICE (Web-based 3955 

Interspecies Correlation Estimation) is a tool developed by U.S. EPA that estimates the acute toxicity of 3956 

a chemical to a species, genus, or family from the known toxicity of the chemical to a surrogate species. 3957 

It was used to obtain estimated acute toxicity values for p-dichlorobenzene in species that were not 3958 

represented in the empirical data set. All empirical studies included in the SSD were rated high or 3959 

medium quality. Toxicity data from the test species and predicted species were then used to calculate the 3960 

Test 

Organism 

(Species) 

Habitat 

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Midge 

(Tanytarsus 

dissimilis) 

Benthic 13.0 LC50 48 Mortality Call et al. (1983) 

(Uninformative) 

Midge 

(Chironomus 

dilutus) 

Benthic 3.0E−03 EC50 48 Immobilization Eurofins EAG 

Agroscience (2024) 

(Uninformative) 

Crabs, juvenile 

(Portunus 

pelagicus) 

Epibenthic 0.7 EC50 96 Mortality Mortimer and 

Connell (1995) 

(Uninformative) 

Crabs, juvenile 

(Portunus 

pelagicus) 

Epibenthic ≈100 ppm LC50 24 Mortality Mortimer and 

Connell (1994) (Low) 

Sea urchin 

(Paracentrotus 

lividus) 

Benthic 15 NOEC 48 Development/Growth Pagano et al. (1988) 

(Medium) 

Bolded values indicate invertebrate data used to derive acute aquatic COC using SSD (48-hour duration) (Appendix 

J). The acute aquatic COC generated incorporated both invertebrate and vertebrate (Table 3-1) data. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11783539
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379313
https://www3.epa.gov/webice/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3634370
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414384
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=660310
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4931828
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1003942
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distribution of species sensitivity to p-dichlorobenzene exposure through the SSD Toolbox as shown in 3961 

Figure 3-1 and Appendix J (Logistic model fit with Metropolis-Hastings method, p = 0.7502). The HC05 3962 

for this distribution is 0.35 mg/L p-dichlorobenzene. After taking the lower 95th percentile of this HC05 3963 

as an alternative to the use of assessment factors, the acute aquatic COC for vertebrates and 3964 

invertebrates is 0.211 mg/L p-dichlorobenzene. See Appendix J for details of the SSD that was used to 3965 

derive the acute aquatic COC for p-dichlorobenzene. 3966 
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 3967 

Figure 3-1. Species Sensitivity Distribution (SSD) of Acute Hazard Effects of p-Dichlorobenzene on Aquatic Organisms (HC05 Lower 3968 

CI = 0.2114 mg/L)  3969 
Best model fit with Metropolis-Hastings method with Logistic distribution.3970 
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3.2.1.2 Weight of Scientific Evidence for Acute Aquatic Concentration of Concern 3971 

(COC) 3972 

EPA uses several considerations when weighing scientific evidence to determine confidence in the 3973 

environmental hazard data. These considerations include the quality of the database, consistency, 3974 

strength and precision, biological gradient/dose response, and relevance. This approach is described in 3975 

the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical Substances (U.S. 3976 

EPA, 2021). Table_Apx I-1 summarizes how these considerations were determined for each 3977 

environmental hazard threshold with additional criteria for assessing confidence is described in 3978 

Appendix G. 3979 

 3980 

The weight of evidence suggests that p-dichlorobenzene poses acute hazard effects to vertebrate and 3981 

invertebrate aquatic organisms at 0.205 mg/L p-dichlorobenzene. EPA has robust confidence in this 3982 

hazard threshold because the quality of the database of studies included high or medium quality studies 3983 

across a range of species that consistently resulted in LC50s between 1 and 20 mg/L p-dichlorobenzene. 3984 

These studies were conducted with reasonable designs and results, which enabled precise LC50 3985 

calculations (Table 3-1, Table 3-2) and were consistent with ECOSAR predictions.  3986 

 3987 

EPA used a probabilistic technique (SSD) to derive a COC (Appendix J) that is protective of 95% of the 3988 

aquatic animals in a community by incorporating hazard values across species and habitats. EPA has 3989 

robust confidence in the SSD with empirical data across species and phyla that inhabit both freshwater 3990 

and marine environments. Limitations of an SSD include its reliance on model species that may not exist 3991 

or interact in the same ecological community and are weighted equally. Also, the shape of the data 3992 

distribution that is fitted to the effects data can be subjective and dependent on the three or four lowest 3993 

values (Newman et al., 2000). The use of Interspecies Correlation Estimation (ICE) models (e.g., EPA 3994 

Web-ICE) may be used to add surrogate LC50 data from additional species to SSD distributions where 3995 

insufficient empirical data exist. However, adding modeled data also adds additional variation and 3996 

epistemic uncertainty. Notwithstanding the limitations of SSD analyses (e.g., reliance on model species 3997 

that may not be representative, limited model selection), this method is widely used and accepted in risk 3998 

assessments (Raimondo, 2010). EPA has robust confidence in the quality, consistency, strength and 3999 

precision, and relevance of the studies used in determining the acute aquatic COC (0.205 mg/L p-4000 

dichlorobenzene). 4001 

 Chronic Toxicity of p-Dichlorobenzene in Aquatic Vertebrates and Invertebrates 4002 

Chronic toxicity of p-dichlorobenzene on aquatic vertebrates ranged from 0.202 mg/L NOAEC/0.314 4003 

mg/L LOAEC on American flagfish survival with 10 days of exposure (Smith et al., 1991) to 2.85 mg/L 4004 

MATC theoretical toxic threshold on fathead minnow survival with seven days exposure (Mayes et al., 4005 

1988). No significant difference in survival of juvenile fathead minnows was measured after seven days 4006 

of exposure to p-dichlorobenzene up to 3.7 mg/L; however, there was an approximately 1% decrease in 4007 

weight relative to controls with 3.7 mg/L exposure (Mayes et al., 1988). Fathead minnow embryo and 4008 

juveniles exposed over 32 days measured decreases in survival at 1.0 mg/L (LOAEC; 78% survival at 4009 

1.0 mg/L exposure; zero percent survival at concentrations equal to or greater than 2.0 mg/L) and 4010 

reduces body weight (Carlson and Kosian, 1987). Additionally, exposure to 8.7 mg/L p-dichlorobenzene 4011 

yielded a 53% increase in fathead minnow larval deformities(Carlson and Kosian, 1987). In 10-day 4012 

toxicity tests with the American flagfish, exposure to p-dichlorobenzene did not significantly affect 4013 

embryo hatchability (78–90% hatchability across treatments) (Smith et al., 1991). However, post-hatch 4014 

survival decreased significantly with 0.314 mg/L p-dichlorobenzene exposure treatments (74% survival) 4015 

relative to controls (98% survival) (Smith et al., 1991). Reproductive and developmental effects 4016 

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=3289491
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1266507
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930012
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930012
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930012
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930931
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930931
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
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occurred at 0.72 mg/L and 1.83 mg/L, respectively, for zebrafish exposed to p-dichlorobenzene for 14 4017 

days. 4018 

 4019 

The geometric mean of the measured LOAEC values across species and durations is 0.92 mg/L. 4020 

Although empirical studies on the chronic toxicity of p-dichlorobenzene to aquatic vertebrates were 4021 

limited (Table 3-3), measured toxicity data were generally consistent with estimated toxicity using the 4022 

ECOSAR predictive model version 2.2 (U.S. EPA, 2022). Specifically, the ECOSAR estimate 4023 

(Chemical Class: Neutral Organics) chronic value (ChV) for fish was 1.06 mg/L (Appendix K) 4024 

providing additional confidence that available data are protective because they are within an order of 4025 

magnitude of the estimated toxicity. 4026 

 4027 

Table 3-3. Chronic Toxicity of p-Dichlorobenzene in Aquatic Vertebrates 4028 

Test Organism 

(Species)  

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(days) 
Effect 

Citation  

(Study Quality) 

Fathead minnow 

(Pimephales 

promelas) 

0.57 

1.00  

NOAEC 

LOAEC 

32 Mortality Carlson and Kosian (1987) 

(High) 

Fathead minnow 

(Pimephales 

promelas) 

0.57 

1.00  

NOAEC 

LOAEC 

32 Development/Growth Carlson and Kosian (1987) 

(High) 

Fathead minnow 

(Pimephales 

promelas) 

≥3.7 NOAEC 7 Mortality Mayes et al. (1988) (High) 

Fathead minnow 

(Pimephales 

promelas) 

2.2 

3.7 

NOAEC 

LOAEC 

7 Development/Growth Mayes et al. (1988) (High) 

Fathead minnow 

(Pimephales 

promelas) 

2.85 MATCa 7 Development/Growth Mayes et al. (1988) (High) 

Fathead minnow 

(Pimephales 

promelas) 

0.565 

1.04 

NOAEC 

LOAEC 

32 Mortality Ahmad et al. (1984) 

(Medium) 

Fathead minnow 

(Pimephales 

promelas) 

0.565 to 

1.04 

MATC 32 Mortality Ahmad et al. (1984) 

(Medium) 

Fathead minnow 

(Pimephales 

promelas) 

0.565 

1.04 

NOAEC 

LOAEC 

32 Development/Growth Ahmad et al. (1984) 

(Medium) 

Fathead minnow 

(Pimephales 

promelas) 

0.565 to 

1.04 

MATC 32 Development/Growth Ahmad et al. (1984) 

(Medium) 

American flagfish 

(Jordanella floridae) 

0.202 

0.314 

NOAEC 

LOAEC 

10 Mortality Smith et al. (1991) (High) 

American flagfish 

(Jordanella floridae) 

0.23 

0.325 

NOAEC 

LOAEC 

10 Mortality Smith et al. (1991) (High) 

American flagfish 

(Jordanella floridae) 

≥0.349 NOAEC 28 Mortality Smith et al. (1991) (High) 

https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model
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Test Organism 

(Species)  

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(days) 
Effect 

Citation  

(Study Quality) 

American flagfish 

(Jordanella floridae) 

≥0.349 NOAEC 28 Development/Growth Smith et al. (1991) (High) 

Zebra Danio 

(Danio rerio) 

0.72 

1.83 

NOAEC 

LOAEC 

14 Development/Growth (Versonnen et al., 2003) 

(Medium) 

Zebra Danio 

(Danio rerio) 

0.64 

0.72 

NOAEC 

LOAEC 

14 Reproduction (Versonnen et al., 2003) 

(Medium) 

Zebra Danio 

(Danio rerio) 

≥1.83 NOAEC 14 Hepatic/Liver (Versonnen et al., 2003) 

(Medium) 

Rainbow trout 

(Oncorhynchus 

mykiss) 

0.8 LC50 14 Mortality (Calamari et al., 1982) 

(Uninformative) 

a MATC = maximum acceptable toxicant concentration; theoretical toxic threshold concentration showing no effect 

Bolded values indicate hazard value used in determining concentration of concern (COC). 

 4029 

Chronic toxicity of p-dichlorobenzene on aquatic invertebrates ranged from 0.30 mg/L NOAEC with 21 4030 

days of daphnia exposure (Kühn et al., 1989) to greater than 56 mg/kg sediment LOAEC after 54 days 4031 

of exposure to midge (Eurofins EAG Agroscience, 2024) (Table 3-4). Two environmental hazard 4032 

toxicity tests were completed in conjunction with a Test Order under the authority in TSCA section 4033 

4(a)(2) to evaluate chronic toxicity of p-dichlorobenzene to sediment invertebrates (Eurofins EAG 4034 

Agroscience, 2024, 2023). In the life-cycle toxicity test with midge (Chironomus dilutus) using spiked 4035 

sediment assays, measured NOAEC/LOAEC were greater than or equal to 56 mg/kg sediment based on 4036 

mean measured concentrations in the sediment for survival endpoints as well as for growth, emergence, 4037 

and reproduction endpoints (Eurofins EAG Agroscience, 2024). After 16 days of exposure, mean 4038 

survival ranged from 98% in control groups to 61 and 71% with exposure to 20 and 56 mg/kg, 4039 

respectively (Eurofins EAG Agroscience, 2024). In the 10-day static toxicity test using spiked sediment, 4040 

sediment midge (Chironomus dilutus) survival was not influenced at experimental concentrations 4041 

(maximum = 16 mg/kg) (Eurofins EAG Agroscience, 2023). In a study that evaluated toxicity at a 4042 

marine sewage outfall, polychaete worm growth was reduced and correlated with p-dichlorobenzene 4043 

concentrations (Mcpherson et al., 2002). Subsequent 20-day sublethal toxicity tests found no adverse 4044 

effects on survival at any test concentration though dry weight decreased at the highest p-4045 

dichlorobenzene concentration (19.9 mg/kg) (Mcpherson et al., 2002). 4046 

 4047 

Although empirical studies on the chronic toxicity of p-dichlorobenzene to aquatic invertebrates were 4048 

limited, measured toxicity data were generally higher than the toxicity estimates using the ECOSAR 4049 

predictive model version 2.2. (U.S. EPA, 2022). Specifically, the estimated chronic value (ChV) for 4050 

daphnids exposed to p-dichlorobenzene (Chemical Class: Neutral Organics) was 0.808 mg/L (Appendix 4051 

K). 4052 

  4053 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
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Table 3-4. Chronic Toxicity of p-Dichlorobenzene in Aquatic Invertebrates 4054 

Test Organism 

(Species)  
Habitat 

Hazard 

Values 
Endpoint(s) 

Duration 

(days) 
Effect 

Citation  

(Study Quality) 

Midge 

(Chironomus 

dilutus) 

Benthic >56 mg/kg 

>56 mg/kg 

LC50 

EC50 

16 Mortality Eurofins EAG 

Agroscience (2024) 

(High) 

Midge 

(Chironomus 

dilutus) 

Benthic 20 mg/kg 

4.7 mg/kg 

LOAEC 

NOAEC 

16 Mortality Eurofins EAG 

Agroscience (2024) 

(High) 

Midge 

(Chironomus 

dilutus) 

Benthic >56 mg/kg 

>56 mg/kg 

≥56 mg/kg 

EC50 

LOAEC 

NOAEC 

54 Mortality 

Development/

Growth 

Reproduction 

Eurofins EAG 

Agroscience (2024) 

(High) 

Midge 

(Chironomus 

dilutus) 

Benthic >16 mg/kg LC50 10 Mortality Eurofins EAG 

Agroscience (2023) 

(High) 

Midge 

(Chironomus 

dilutus) 

Benthic >16mg/kg 

≥16 mg/kg 

LOAEC 

NOAEC 

10 Mortality 

Development/

Growth 

Eurofins EAG 

Agroscience (2023) 

(High) 

Water Flea 

(Daphnia magna) 

Pelagic 0.30 mg/L NOAEC 21 Reproduction Kühn et al. (1989) 

(Medium) 

Water Flea 

(Daphnia magna) 

Pelagic 0.93 mg/L EC50 14 Reproduction Calamari et al. 

(1983) (Low) 

Crab 

(Portunus 

pelagicus) 

Epibenthic 0.2 mg/L EC50 From 1st to 

6th instar 

Development/

Growth 

Mortimer and 

Connell (1995) 

(Medium) 

Polychaete worm 

(Neanthes 

arenaceodentata) 

Benthic >19.9 mg/kg LC50 20 Mortality Mcpherson et al. 

(2002) (High) 

Polychaete worm 

(Neanthes 

arenaceodentata) 

Benthic 18.2 

19.9 

LOAEC 

NOAEC 

20 Development/

Growth 

Mcpherson et al. 

(2002) (High) 

3.2.2.1 Chronic Aquatic Vertebrate and Invertebrate Concentration of Concern 4055 

(COC) 4056 

Though empirical studies were limited to assess the effects of chronic p-dichlorobenzene on aquatic 4057 

invertebrates, the most sensitive endpoint was associated with 21-day p-dichlorobenzene exposure to 4058 

daphnids yielding a LOAEC of 0.30 mg/L (Kühn et al., 1989). The most sensitive toxicity endpoint is 4059 

used to establish a conservative effects threshold protective of sensitive species. An assessment factor 4060 

(AF) of 10 was applied to account for species variability and additional non-lethal effects as well as 4061 

scientific uncertainty. This incorporates the uncertainty in the actual threshold dose, which may have 4062 

been lower than the lowest dose studied. After applying an AF of 10, the chronic COC for aquatic 4063 

invertebrates is 0.03 mg/L p-dichlorobenzene.  4064 

 4065 

Although empirical studies were limited to assess the effects of chronic p-dichlorobenzene on aquatic 4066 

vertebrates, the most sensitive endpoint was associated with 10-day sub-chronic p-dichlorobenzene 4067 

exposure to American flagfish yielding a LOAEC on survival of 0.314 mg/L (NOAEC 0.202) (Smith et 4068 

al., 1991). Because the most sensitive endpoint in this study was based on survival of one species, an AF 4069 

of 10 was applied to account for species variability and non-lethal effects. This incorporates the 4070 
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uncertainty in the actual threshold dose, which may have been lower than the lowest dose studied. After 4071 

applying an AF of 10, the chronic COC for aquatic vertebrates is 0.03 mg/L p-dichlorobenzene. 4072 

3.2.2.2 Weight of Scientific Evidence for Chronic Aquatic Vertebrate and Invertebrate 4073 

Concentration of Concern (COC) 4074 

EPA uses several considerations when weighing scientific evidence to determine confidence in the 4075 

environmental hazard data. These considerations include the quality of the database, consistency, 4076 

strength and precision, biological gradient/dose response, and relevance. This approach is described in 4077 

the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical Substances (U.S. 4078 

EPA, 2021). Table_Apx I-1 summarizes how these considerations were determined for each 4079 

environmental hazard threshold with additional criteria for assessing confidence described in Appendix 4080 

G. 4081 

 4082 

The weight of evidence suggests that p-dichlorobenzene poses chronic hazard effects to vertebrate 4083 

animals at 0.03 mg/L p-dichlorobenzene and chronic hazard effects to invertebrate animals at 0.03 mg/L 4084 

p-dichlorobenzene. Due to the limited number of species evaluated, EPA has moderate confidence in the 4085 

weight of evidence for toxicity to aquatic invertebrates and vertebrates with chronic p-dichlorobenzene 4086 

exposure though studies available were of high and medium quality and measured toxicity endpoints 4087 

ranging only two orders of magnitude across estimates (0.20–19.9 mg/L p-dichlorobenzene; Table 3-3, 4088 

Table 3-4) consistent with ECOSAR predictions.  4089 

 Toxicity of p-Dichlorobenzene in Aquatic Plants and Algae 4090 

Toxicity of p-dichlorobenzene on aquatic plants and algae ranged from 1.60 mg/L EC50 with 96 hours 4091 

of exposure to green algae (Galassi and Vighi, 1981) to 38 mg/L EC50 with 48 hour exposure to green 4092 

algae (Kühn and Pattard, 1990) (Table 3-5). The effect of p-dichlorobenzene on diatom growth was 4093 

measured by DNA reduction which may have elevated results relative to estimates of growth as cell 4094 

counts or biomass. Cell multiplication tests in Scenedesmus green algae with exposure to p-4095 

dichlorobenzene yielded effective concentrations of 14 mg/L (48-hour EC50) (Figueroa and Simmons, 4096 

1991). In green algae Chlorella sp., toxic effects of p-dichlorobenzene were also measured on growth 4097 

and cell morphology at concentration exceeding 10 mg/L (Zhang et al., 2017). 4098 

 4099 

The geometric mean of measured EC50 values is 7.41 mg/L. Although empirical studies on the toxicity 4100 

of p-dichlorobenzene to aquatic plants and algae were limited, measured toxicity data were generally 4101 

consistent with estimated toxicity using the Ecological Structure and Activity Relationships (ECOSAR) 4102 

predictive model version 2.2 (U.S. EPA, 2022). Specifically, the green algae EC50 with 96-hour 4103 

exposure was 7.19 mg/L and the green algae chronic toxicity value (ChV) ECOSAR estimate (Chemical 4104 

Class: Neutral Organics) was 2.43 mg/L (Appendix K). 4105 

 4106 

Table 3-5. Toxicity of p-Dichlorobenzene in Aquatic Plants and Algae 4107 

Test 

Organism 

(Species) 

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Green algae 

(Selenastrum 

capricornutum) 

1.60 EC50 96 Growth Galassi and Vighi 

(1981) (Medium) 

Green algae 

(Selenastrum 

capricornutum) 

5.2 EC50 3 Development/Growth Calamari et al. 

(1982) 

(Uninformative) 

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=1990600
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1023091
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=659965
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=659965
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4913761
https://www.epa.gov/tsca-screening-tools/ecological-structure-activity-relationships-ecosar-predictive-model
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10527398
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1990600
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912296


PUBLIC RELEASE DRAFT 

April 2026 

Page 117 of 194 

Test 

Organism 

(Species) 

Hazard 

Values 

(mg/L) 

Endpoint 
Duration 

(hours) 
Effect 

Citation  

(Study Quality) 

Green algae 

(Desmodesmus 

subspicatus) 

28 EC50 48 Biomass Kühn and Pattard 

(1990) (High) 

Green algae 

(Desmodesmus 

subspicatus) 

38 EC50 48 Growth rate Kühn and Pattard 

(1990) (High) 

Green algae 

(Chlorella 

pyrenoidosa) 

15 

10 

LOAEC 

NOAEC 

≤9 days Development/Growth Zhang et al. (2017) 

(Medium) 

Diatom 

(Cyclotella 

meneghiniana) 

34.3 EC50 48 DNA reduction Figueroa and 

Simmons (1991) 

(High) 

3.2.3.1 Aquatic Plant and Algae Concentration of Concern 4108 

The most sensitive endpoint evaluating toxicity of p-dichlorobenzene on aquatic plants and algae was 4109 

with 96-hour exposure to green algae yielding an EC50 of 1.6 mg/L (Calamari et al., 1983). The most 4110 

sensitive toxicity endpoint is used to establish a conservative effects threshold protective of sensitive 4111 

species. An AF of 10 was applied to account for species variability and incorporates the uncertainty in 4112 

the actual threshold dose, which may have been lower than the lowest dose studied. After applying an 4113 

AF of 10, the COC for aquatic plants and algae is 0.16 mg/L p-dichlorobenzene. 4114 

3.2.3.1 Weight of Scientific Evidence for Aquatic Plant and Algae Concentration of 4115 

Concern (COC) 4116 

The weight of evidence suggests that p-dichlorobenzene poses effects to aquatic plants and algae at 1.6 4117 

mg/L p-dichlorobenzene. EPA has moderate confidence in the weight of evidence for toxicity to aquatic 4118 

plants and algae due to the limited number of species evaluated though studies available were of high 4119 

and medium quality and measured toxicity estimates were within the same magnitude across estimates 4120 

(1.6–38 mg/L p-dichlorobenzene; Table 3-5) as well as consistent with ECOSAR predictions. 4121 

Table_Apx I-1 summarizes how these considerations were determined for each environmental hazard 4122 

threshold with additional criteria for assessing confidence described in Appendix G. 4123 

3.3 Terrestrial Species Hazard 4124 

EPA reviewed studies for p-dichlorobenzene toxicity to terrestrial organisms.  4125 

 Toxicity of p-Dichlorobenzene in Terrestrial Vertebrates 4126 

No reasonably available information with high or medium overall quality determinations was identified 4127 

for exposures of p-dichlorobenzene to terrestrial vertebrate wildlife. EPA reviewed studies for toxicity to 4128 

p-dichlorobenzene in human health animal model rodent studies that contained ecologically relevant 4129 

apical endpoints (i.e., reproduction, growth, mortality) with inhalation exposure. p-Dichlorobenzene will 4130 

volatilize from soil surfaces and is not expected to sorb to soils or organic matter based on its physical 4131 

and chemical properties (U.S. EPA, 2026d). Furthermore, modeled air deposition of p-dichlorobenzene 4132 

to land is negligible and p-dichlorobenzene does not bioaccumulate. Thus, the primary pathway of 4133 

exposure to p-dichlorobenzene for terrestrial animals is via ambient air (U.S. EPA, 2026k). 4134 

 4135 

Intermediate exposure durations (16 days) of 173 ppm (1,040 mg/m3) p-dichlorobenzene in air for seven 4136 

hours per day, five days per week yielded no adverse effects on growth, reproduction or survival in 4137 
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guinea pigs and rats (Hollingsworth et al., 1956). However, longer-term exposure durations (4–12 4138 

weeks) of 798 ppm p-dichlorobenzene for 8 hours per day, 5 days per week yielded 12%, 9%, and 25% 4139 

mortality of rats, guinea pigs, and rabbits over the study duration (Hollingsworth et al., 1956). In 4140 

contrast, no adverse effects were reported on body weight after 13 weeks of exposure to p-4141 

dichlorobenzene in air for 6 hours per day, 5 days per week at concentrations up to 600 ppm (3,608 4142 

mg/m3) (Aiso et al., 2005a). Studies evaluating the effects of p-dichlorobenzene air exposure to model 4143 

organism reproduction have yielded no effects on reproductive endpoints at concentrations up to 800 4144 

ppm (4,810 mg/m3) (Hayes et al., 1985), 300 ppm (1,804 mg/m3) (Aiso et al., 2005a), and 538 ppm 4145 

(3,235 mg/m3) (Tyl and Neeper-Bradley, 1989).  4146 

 4147 

Table 3-6. Toxicity of p-Dichlorobenzene to Terrestrial Vertebrates via Inhalation Exposure 4148 

Test Organism 

(Type) 
Hazard Values Endpoint Duration Effect 

Citation  

(Study Quality) 

Rabbit, female 

(New Zealand) 

800 ppm (4,810 mg/m3) NOAEL 13 days Reproduction Hayes et al. (1985) 

(High) 

Rabbit, female 

(New Zealand) 

300 ppm (1,804 mg/m3) NOAEL 13 days Body weight Hayes et al. (1985) 

(High) 

Rabbit, female 

(New Zealand) 

800 ppm (4,810 mg/m3) NOAEL 13 days Reproduction Hayes et al. (1985) 

(High) 

Rat (Not 

specified) 

798 ppm (4,798 mg/m3) 

173 ppm (1,040 mg/m3) 

LOAEL 

NOAEL 

9-12 weeks Mortality Hollingsworth et al. 

(1956) (Medium) 

Guinea pig, male 

(Albino) 

798 ppm (4,798 mg/m3) 

173 ppm (1,040 mg/m3) 

LOAEL 

NOAEL 

4-5 weeks Mortality Hollingsworth et al. 

(1956) (Medium) 

Rabbit (Albino) 798 ppm (4,798 mg/m3) 

173 ppm (1,040 mg/m3) 

LOAEL 

NOAEL 

12 weeks Mortality Hollingsworth et al. 

(1956) (Medium) 

Rat (Fischer-344) 600 ppm (3,608 mg/m3) NOAEL 13 weeks Body Weight Aiso et al. (2005a) 

(High) 

Rat (Fischer-344) 300 ppm (1,804 mg/m3) NOAEL 104 weeks Reproduction Aiso et al. (2005b) 

(High) 

3.3.1.1 Terrestrial Vertebrate Hazard Value 4149 

p-Dichlorobenzene will volatilize from soil surfaces and is not expected to sorb to soils or organic 4150 

matter based on its physical and chemical properties (U.S. EPA, 2026c). The predominant 4151 

environmental releases of p-dichlorobenzene to land are disposal via underground injection or landfills 4152 

(U.S. EPA, 2026j). Therefore, there are no appreciable direct releases to land. Furthermore, modeled air 4153 

deposition of p-dichlorobenzene to land is negligible and available monitoring data indicate p-4154 

dichlorobenzene is rarely detected in groundwater. Considering these lines of evidence, p-4155 

dichlorobenzene is not expected to be present or persist on land and result in terrestrial animal exposure. 4156 

Environmental fate and transport data also indicate p-dichlorobenzene does not bioaccumulate (U.S. 4157 

EPA, 2026j). Thus, there is no dietary exposure of p-dichlorobenzene to terrestrial organisms to consider 4158 

toxicity from a laboratory dietary exposure. 4159 

 4160 

Terrestrial organisms may be exposed to p-dichlorobenzene via ambient air. Based on human health 4161 

animal toxicity studies, toxicity of p-dichlorobenzene to mammals via inhalation ranged from 173 ppm 4162 

(1,040 mg/m3) NOAEL in guinea pigs, rabbits, and rats based on mortality after exposure over four to 4163 

five weeks to 800 ppm (4,800 mg/m3) NOAEL with reduced reproduction (number of offspring) after 13 4164 

days exposure. The most sensitive NOAEL value (1,040 mg/m3) was used as the hazard threshold value 4165 
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for terrestrial vertebrate exposure to p-dichlorobenzene in air via inhalation. The most sensitive toxicity 4166 

endpoint is used to establish a conservative effects threshold protective of sensitive species. EPA was 4167 

not able to establish a definitive hazard threshold for avian species as there were no studies reasonably 4168 

available. 4169 

3.3.1.2 Weight of Scientific Evidence for Terrestrial Vertebrate Hazard Value 4170 

No studies on terrestrial wildlife involving mammals were identified. In lieu of terrestrial wildlife 4171 

studies, references for mammal studies as human health model organisms were used to determine a 4172 

lowest and most conservative p-dichlorobenzene concentration that affected apical endpoints (i.e., 4173 

survival, reproduction, growth) and that could serve as an indication of hazard effects in wild mammal 4174 

populations. 4175 

  4176 

The weight of evidence suggests that p-dichlorobenzene poses inhalation exposure hazard effects to 4177 

terrestrial mammals at 173 ppm (1,040 mg/m3). EPA has moderate confidence in this hazard threshold 4178 

given the limited availability of data, the lack of wildlife specific data, and the range of reported toxicity 4179 

values. Studies were conducted with reasonable designs and results, which enabled precise estimation of 4180 

effect concentrations. However, population level effects were not observed in ecologically relevant 4181 

species. Considerable uncertainties surround whether or how these effects on individual growth and 4182 

reproductive development translate into effects on wild mammal fitness and population parameters. 4183 

Because of these uncertainties of extrapolations to wildlife mammal species, EPA has moderate 4184 

confidence that the hazards are representative of the range of wild mammal species. Table_Apx I-1 4185 

summarizes how these considerations were determined for each environmental hazard threshold with 4186 

additional criteria for assessing confidence described in Appendix G. 4187 

 Toxicity of p-Dichlorobenzene in Terrestrial Invertebrates 4188 

Of the high and medium quality studies evaluated, definitive apical endpoints (i.e., mortality, growth, 4189 

reproduction) in soil invertebrates were not reported though generalized effects on terrestrial 4190 

invertebrates have been described. Air saturated with p-dichlorobenzene is toxic to beetles (Coleoptera, 4191 

Anthrenus verbasci) with time to 50% egg viability loss (LT50) of 8.14 hours and LT50 of 2.18 hours 4192 

for adult viability loss (Linnie and Keatinge, 2000). In a confined atmosphere, exposure to p-4193 

dichlorobenzene also has toxic effects on behavior and metabolic activity of Lepidoptera (Tineola 4194 

bisselliella) (Chauvin and Vannier, 1994) with mortality occuring after approximately 30 hours of 4195 

exposure. 4196 

 4197 

Estimated toxicity using the Ecological Structure and Activity Relationships (ECOSAR) predictive 4198 

model version 2.2 (U.S. EPA, 2022) was 192 mg/L LC50 for earthworms exposed to p-dichlorobenzene 4199 

(Chemical Class: Neutral Organics) over 14 days (Appendix K). However, this estimated toxicity value 4200 

exceeds p-dichlorobenzene solubility (81.3 mg/L) and no effects at saturation are expected based on 4201 

predictive modeling. 4202 

3.3.2.1 Terrestrial Invertebrate Hazard Value 4203 

There were no reasonably available studies for the effects of p-dichlorobenzene on terrestrial 4204 

invertebrates that established hazard thresholds on apical endpoints (growth, mortality, reproduction). 4205 

However, predicted toxicity to earthworms using ECOSAR indicates that toxicity is likely above 4206 

solubility limits of p-dichlorobenzene (141 mg/L) suggesting p-dichlorobenzene is not bioavailable or 4207 

toxic to terrestrial invertebrates at environmentally relevant concentrations. 4208 
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3.3.2.1 Weight of Scientific Evidence for Terrestrial Invertebrate Hazard Value 4209 

The weight of evidence suggests that p-dichlorobenzene does not pose hazardous effects on terrestrial 4210 

invertebrates. EPA has slight confidence in the weight of evidence for toxicity to terrestrial invertebrates 4211 

due to the limited studies available. summarizes how these considerations were determined for each 4212 

environmental hazard threshold with additional criteria for assessing confidence described in Appendix 4213 

G. 4214 

 Toxicity of p-Dichlorobenzene in Terrestrial Plants 4215 

A 7-day phytotoxicity study measuring growth inhibition in maize with exposure to solutions of p-4216 

dichlorobenzene suggested that environmental concentrations of p-dichlorobenzene were not toxic to 4217 

seedlings (San Miguel et al., 2012) though exposure concentrations in this study may not be reflective 4218 

all environmental concentrations of p-dichlorobenzene. However, concentrations of p-dichlorobenzene 4219 

greater than 8 mg/L inhibited cell division and 80 mg/L yielded growth inhibition of 80% of maize 4220 

seedlings (EC80) (San Miguel et al., 2012). In a single dose experiment under static flow conditions, 4221 

wetland plants (Phragmites australis) exposed to p-dichlorobenzene in water at concentrations up to 0.8 4222 

mg/L had no adverse effects on plant biomass (as roots, leaves, or rhizomes) (Faure et al., 2012). 4223 

However, wheat plants (Triticum aestivum) exposed to p-dichlorobenzene in growth medium over 17 4224 

days reduced both biomass and length of plants by 10 to 30% (Kampfraath et al., 2017). In soybean 4225 

seedlings, soil exposure to p-dichlorobenzene also inhibits elongation of soybean roots and stems in a 4226 

dose dependent manner with an approximately 34% decrease when exposed to 24 mmol/kg (eq. 3,528 4227 

mg/kg) (Chen and Jiao, 2016). No reasonably available studies evaluated the effect of p-4228 

dichlorobenzene air exposure on terrestrial plant apical endpoints (i.e., growth, reproduction, mortality). 4229 

 4230 

Table 3-7. Toxicity of p-Dichlorobenzene in Terrestrial Plants 4231 

Test Organism  

(Species) 

Hazard Values  

(mg/L) 
Endpoint Duration (days) Effect 

Citation  

(Study Quality) 

Maize, seedlings 

(Zea mays) 

80 

8 

0.8 

EC80 

LOAEC 

NOAEC 

7 Development/ 

Growth  

San Miguel et al. 

(2012) (High) 

Wetland, plant 

(Phragmites 

australis) 

80 

0.8 

EC80 

NOAEC 

7 Biomass Faure et al. 

(2012) (Medium) 

Bread wheat, 

plant 

(Triticum 

aestivum) 

38.458 

3.307 

LOAEC 

NOAEC 

17 Development/ 

Growth 

Kampfraath et al. 

(2017) (Medium) 

Soybean, 

seedlings 

(Glycine max) 

1,176 mg/kg 

588 mg/kg 

LOAEC 

NOAEC 

7 Development/ 

Growth 

Chen and Jiao 

(2016) (Medium) 

3.3.3.1 Terrestrial Plant Hazard Value 4232 

No reasonably available studies for the effects of p-dichlorobenzene on terrestrial plants were identified 4233 

that quantified effects with a relevant exposure pathway (air). The studies available evaluated effects 4234 

based on soil, sediment, and water exposure where the most sensitive effective endpoint was a reduction 4235 

of growth at 80 mg/L. As no apical hazards were observed with exposure to air, EPA did not establish a 4236 

hazard threshold for terrestrial plants. 4237 
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3.4 Environmental Hazard Conclusions 4238 

EPA determined that p-dichlorobenzene poses hazards from acute and chronic exposures to aquatic 4239 

vertebrates, aquatic invertebrates, and aquatic plants and algae. After calculating the hazard thresholds 4240 

that were carried forward to characterize risk, a table describing the weight of scientific evidence and 4241 

uncertainties was completed to support EPA’s decisions (Table 3-8). Overall, EPA has robust 4242 

confidence in the weight of evidence for toxicity to aquatic vertebrates with acute p-dichlorobenzene 4243 

exposure given the consistency in measured values documented across a range of species. EPA has 4244 

moderate confidence in the weight of evidence for toxicity to aquatic invertebrates and plants as well as 4245 

toxicity of p-dichlorobenzene to aquatic vertebrates with chronic exposure due to the limited number of 4246 

species evaluated. There is also moderate confidence in the weight of evidence for toxicity of p-4247 

dichlorobenzene to terrestrial vertebrates as there are no studies on wildlife species and available 4248 

assessments on mice and rats may not be representative. EPA has slight confidence in the weight of 4249 

evidence for toxicity of p-dichlorobenzene to terrestrial invertebrates and plants as limited data are 4250 

available. See Appendix E for more detail on how EPA weighed the scientific evidence. 4251 

 4252 

Table 3-8. Environmental Hazard Thresholds for p-Dichlorobenzene 4253 

Receptor Group 
Exposure 

Duration 

Hazard Threshold 

(COC or HV) 
Confidencea Source  

Aquatic 

vertebrates 

Acute 0.205 mg/L Robust SSD 

Chronic 0.03 mg/L Moderate (Smith et al., 1991) (High) 

Aquatic 

invertebrates 

Acute 0.205 mg/L Robust SSD 

Chronic 0.03 mg/L Moderate (Kühn et al., 1989) 

(Medium) 

Aquatic plants 

and algae 

N/A 0.16 mg/L Moderate (Galassi and Vighi, 1981) 

(Medium) 

Terrestrial 

vertebrates 

N/A 173 ppm (1,040 mg/m3) Moderate Hollingsworth et al. (1956) 

(Medium) 

Terrestrial 

invertebrates 

N/A 191 mg/L (above water 

solubility limit of 81.3 mg/L) 

Slight ECOSAR 

COC = concentration of concern; HV = hazard value; SSD = species sensitivity distribution 
a See Appendix G for additional details on the weight of scientific evidence 

4254 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=773229
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1990600
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3647


PUBLIC RELEASE DRAFT 

April 2026 

Page 122 of 194 

REFERENCES 4255 

Abernethy, S; Bobra, AM; Shiu, WY; Wells, PG; Mackay, D. (1986). Acute lethal toxicity of 4256 

hydrocarbons and chlorinated hydrocarbons to two planktonic crustaceans: The key role of 4257 

organism-water partitioning. Aquat Toxicol 8: 163-174. https://hero.epa.gov/reference/1486051/ 4258 

Ahmad, N; Benoit, D; Brooke, L; Call, D; Carlson, A; DeFoe, D; Huot, J; Morairity, A; Richter, J. 4259 

(1984). Aquatic toxicity tests to characterise the hazard of volatile organic chemicals in water: A 4260 

toxicity data summary – parts I and II. (EPA 600/3-84-009). Duluth, MN: U.S. Environmental 4261 

Protection Agency. https://hero.epa.gov/reference/7494661/ 4262 

Aiso, S; Arito, H; Nishizawa, T; Nagano, K; Yamamoto, S; Matsushima, T. (2005a). Thirteen-week 4263 

inhalation toxicity of p-dichlorobenzene in mice and rats. J Occup Health 47: 249-260. 4264 

https://hero.epa.gov/reference/4912189/ 4265 

Aiso, S; Takeuchi, T; Arito, H; Nagano, K; Yamamoto, S; Matsushima, T. (2005b). Carcinogenicity and 4266 

chronic toxicity in mice and rats exposed by inhalation to para-dichlorobenzene for two years. J 4267 

Vet Med Sci 67: 1019-1029. https://hero.epa.gov/reference/4912180/ 4268 

Allis, JW; Simmons, JE; House, DE; Robinson, BL; Berman, E. (1992). The differential hepatotoxicity 4269 

and cytochrome P450 responses of Fischer-344 rats to the three isomers of dichlorobenzene. J 4270 

Biochem Toxicol 7: 257-264. https://hero.epa.gov/reference/4930708/ 4271 

Ankley, GT; Bennett, RS; Erickson, RJ; Hoff, DJ; Hornung, MW; Johnson, RD; Mount, DR; Nichols, 4272 

JW; Russom, CL; Schmieder, PK; Serrrano, JA; Tietge, JE; Villeneuve, DL. (2010). Adverse 4273 

outcome pathways: A conceptual framework to support ecotoxicology research and risk 4274 

assessment [Review]. Environ Toxicol Chem 29: 730-741. 4275 

https://hero.epa.gov/reference/817317/ 4276 

ATSDR. (2006). Toxicological profile for dichlorobenzenes. Atlanta, GA. 4277 

https://hero.epa.gov/reference/5160103/ 4278 

ATSDR (Agency for Toxic Substances and Disease Registry). (2012). Toxicological profile for 1,3-4279 

butadiene [ATSDR Tox Profile]. Atlanta, GA: U.S. Department of Health and Human Services, 4280 

Public Health Service. http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=459&tid=81 4281 

Avila, E; Schraeder, P; Belliappa, A; Faro, S. (2006). Pica with paradichlorobenzene mothball ingestion 4282 

associated with toxic leukoencephalopathy. J Neuroimaging 16: 78-81. 4283 

https://hero.epa.gov/reference/1487649/ 4284 

Awkerman, JA; Raimondo, S; Jackson, CR; Barron, MG. (2014). Augmenting aquatic species 4285 

sensitivity distributions with interspecies toxicity estimation models. Environ Toxicol Chem 33: 4286 

688-695. https://hero.epa.gov/reference/11783539/ 4287 

Azouz, WM; Parke, DV; Williams, RT. (1955). Studies in detoxication. 62. The metabolism of 4288 

halogenobenzenes; ortho- and para-dichlorobenzenes. Biochem J 59: 410-415. 4289 

https://hero.epa.gov/reference/4912368/ 4290 

Bae, SDW; Nguyen, R; Yuen, L; Lam, V; George, J; Qiao, L. (2024). Constitutive androstane receptor 4291 

(CAR) functions as a tumor suppressor via regulating stemness in liver cancer. Sci Rep 14: 4292 

30926. https://hero.epa.gov/reference/13049129/ 4293 

Battelle. (1980). Subchronic toxicity study - para-dichlorobenzene, Fischer 344 rats [TSCA 4294 

Submission]. (OTS0511268. 40-7920537. 47002 B3A-7). 4295 

https://hero.epa.gov/reference/4929929/ 4296 

Biodynamics. (1990). A 21-day dermal toxicity study in rats with para-dichlorobenzene. (MRID: 4297 

41315001). Washington, DC: Chemical Manufacturers Association. 4298 

https://hero.epa.gov/reference/12227371/ 4299 

Biodynamics. (1991). A four week inhalation toxicity study of paradichlorobenzene in the dog. (MRID: 4300 

41822801). Washington, DC: Chemical Manufacturers Association. 4301 

https://hero.epa.gov/reference/10614981/ 4302 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1486051
https://hero.epa.gov/reference/1486051/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7494661
https://hero.epa.gov/reference/7494661/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912189
https://hero.epa.gov/reference/4912189/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912180
https://hero.epa.gov/reference/4912180/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930708
https://hero.epa.gov/reference/4930708/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=817317
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=817317
https://hero.epa.gov/reference/817317/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160103
https://hero.epa.gov/reference/5160103/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991419
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=459&tid=81
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1487649
https://hero.epa.gov/reference/1487649/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11783539
https://hero.epa.gov/reference/11783539/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912368
https://hero.epa.gov/reference/4912368/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049129
https://hero.epa.gov/reference/13049129/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929929
https://hero.epa.gov/reference/4929929/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/reference/12227371/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10614981
https://hero.epa.gov/reference/10614981/


PUBLIC RELEASE DRAFT 

April 2026 

Page 123 of 194 

Bogaards, JJ; Van Ommen, B; Wolf, CR; Van Bladeren, PJ. (1995). Human cytochrome p450 enzyme 4303 

selectivities in the oxidation of chlorinated benzenes. Toxicol Appl Pharmacol 132: 44-52. 4304 

https://hero.epa.gov/reference/659826/ 4305 

Bolton, JL; Dunlap, T. (2017). Formation and biological targets of quinones: Cytotoxic versus 4306 

cytoprotective effects. Chem Res Toxicol 30: 13-37. https://hero.epa.gov/reference/4305164/ 4307 

Bomhard, E; Luckhaus, G; Voigt, WH; Loeser, E. (1988). Induction of light-hydrocarbon nephropathy 4308 

by para-dichlorobenzene. Arch Toxicol 61: 433-439. https://hero.epa.gov/reference/4909074/ 4309 

Bomhard, EM; Schmidt, U; Löser, E. (1998). Time course of enzyme induction in liver and kidneys and 4310 

absorption, distribution and elimination of 1,4-dichlorobenzene in rats. Toxicology 131: 73-91. 4311 

https://hero.epa.gov/reference/4912268/ 4312 

Boobis, AR; Cohen, SM; Dellarco, V; McGregor, D; Meek, ME; Vickers, C; Willcocks, D; Farland, W. 4313 

(2006). IPCS framework for analyzing the relevance of a cancer mode of action for humans. Crit 4314 

Rev Toxicol 36: 781-792. https://hero.epa.gov/reference/712747/ 4315 

Boobis, AR; Doe, JE; Heinrich-Hirsch, B; Meek, ME; Munn, S; Ruchirawat, M; Schlatter, J; Seed, J; 4316 

Vickers, C. (2008). IPCS framework for analyzing the relevance of a noncancer mode of action 4317 

for humans [Review]. Crit Rev Toxicol 38: 87-96. https://hero.epa.gov/reference/1311683/ 4318 

Bornatowicz, N; Antes, A; Winker, N; Hofer, H. (1994). [A 2-generation fertility study with 1,4-4319 

dichlorobenzene in rats] (with English translation). Wien Klin Wochenschr 106: 345-353. 4320 

https://hero.epa.gov/reference/3828438/ 4321 

Buccafusco, RJ; Ells, SJ; Leblanc, GA. (1981). Acute toxicity of priority pollutants to bluegill (Lepomis 4322 

macrochirus). Bull Environ Contam Toxicol 26: 446-452. https://hero.epa.gov/reference/18064/ 4323 

Buckley, JP; Quirós-Alcalá, L; Teitelbaum, SL; Calafat, AM; Wolff, MS; Engel, SM. (2018). 4324 

Associations of prenatal environmental phenol and phthalate biomarkers with respiratory and 4325 

allergic diseases among children aged 6 and 7 years. Environ Int 115: 79-88. 4326 

https://hero.epa.gov/reference/4728666/ 4327 

Buckman, F. (2013). Paradichlorobenzene (toxin)-induced leucoencephalopathy. BMJ Case Rep 2013. 4328 

https://hero.epa.gov/reference/2969785/ 4329 

Burnham, KP; Anderson, DR. (2002). Model selection and multimodel inference: a practical 4330 

information-theoretic approach (2nd ed.). New York: Springer. 4331 

https://hero.epa.gov/reference/89956/ 4332 

Bushy Run. (1992). Developmental toxicity study of maternally inhaled para-dichlorobenzene (PDCB) 4333 

vapor in CD rats. (MRID: 42619601). Washington, DC: Chemical Manufacturers Association. 4334 

https://hero.epa.gov/reference/12227445/ 4335 

Calamari, D; Galassi, S; Setti, F. (1982). Evaluating the hazard of organic substances on aquatic life: the 4336 

paradichlorobenzene example. Ecotoxicol Environ Saf 6: 369-378. 4337 

https://hero.epa.gov/reference/4912296/ 4338 

Calamari, D; Galassi, S; Setti, F; Vighi, M. (1983). Toxicity of selected chlorobenzenes to aquatic 4339 

organisms. Chemosphere 12: 253-262. https://hero.epa.gov/reference/4930936/ 4340 

Call, DJ; Brooke, LT; Ahmad, N; Richter, JE. (1983). Toxicity and metabolism studies with EPA 4341 

(Environmental Protection Agency) priority pollutants and related chemicals in freshwater 4342 

organisms. (EPA/600/3-83/095). Duluth, MN: U.S. Environmental Protection Agency. 4343 

https://hero.epa.gov/reference/3634370/ 4344 

Campbell, DM; Davidson, RJ. (1970). Toxic haemolytic anaemia in pregnancy due to a pica for 4345 

paradichlorobenzene. J Obstet Gynaecol Br Commonw 77: 657-659. 4346 

https://hero.epa.gov/reference/4912336/ 4347 

Carlson, AR; Kosian, PA. (1987). Toxicity of chlorinated benzenes to fathead minnows (Pimephales 4348 

promelas). Arch Environ Contam Toxicol 16: 129-135. https://hero.epa.gov/reference/4930931/ 4349 

Carlson, GP. (1977). Chlorinated benzene induction of hepatic porphyria. Experientia 33: 1627-1629. 4350 

https://hero.epa.gov/reference/4912424/ 4351 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=659826
https://hero.epa.gov/reference/659826/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4305164
https://hero.epa.gov/reference/4305164/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4909074
https://hero.epa.gov/reference/4909074/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912268
https://hero.epa.gov/reference/4912268/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=712747
https://hero.epa.gov/reference/712747/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1311683
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1311683
https://hero.epa.gov/reference/1311683/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/reference/3828438/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=18064
https://hero.epa.gov/reference/18064/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728666
https://hero.epa.gov/reference/4728666/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2969785
https://hero.epa.gov/reference/2969785/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991419
https://hero.epa.gov/reference/89956/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227445
https://hero.epa.gov/reference/12227445/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912296
https://hero.epa.gov/reference/4912296/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930936
https://hero.epa.gov/reference/4930936/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3634370
https://hero.epa.gov/reference/3634370/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912336
https://hero.epa.gov/reference/4912336/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930931
https://hero.epa.gov/reference/4930931/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912424
https://hero.epa.gov/reference/4912424/


PUBLIC RELEASE DRAFT 

April 2026 

Page 124 of 194 

Central Toxicol Lab. (1980). Paradichlorobenzene: long term inhalation study in the mouse. 4352 

(CTL/P/448). Central Toxicology Laboratory. Imperial Chemical Industries Limited. 4353 

https://hero.epa.gov/reference/11843638/ 4354 

Chanas, SA; Jiang, Q; Mcmahon, M; Mcwalter, GK; Mclellan, LI; Elcombe, CR; Henderson, CJ; Wolf, 4355 

CR; Moffat, GJ; Itoh, K; Yamamoto, M; Hayes, JD. (2002). Loss of the Nrf2 transcription factor 4356 

causes a marked reduction in constitutive and inducible expression of the glutathione S-4357 

transferase Gsta1, Gsta2, Gstm1, Gstm2, Gstm3 and Gstm4 genes in the livers of male and 4358 

female mice. The Biochemical journal 365: 405-416. https://hero.epa.gov/reference/13049134/ 4359 

Charbonneau, M; Short, BG; Lock, EA; Swenberg, JA. (1987). Mechanism of petroleum induced sex-4360 

specific protein droplet nephropathy and renal cell proliferation in Fischer-344 rats: Relevance to 4361 

humans. In DD Hemphill (Ed.), Trace substances in environmental health - XXI (pp. 263-273). 4362 

Columbia, MO: University of Missouri. https://hero.epa.gov/reference/630425/ 4363 

Charbonneau, M; Strasser, J, Jr; Lock, EA; Turner, MJ, Jr; Swenberg, JA. (1989). Involvement of 4364 

reversible binding to "alpha"2u-globulin in 1,4-dichlorobenzene-induced nephrotoxicity. Toxicol 4365 

Appl Pharmacol 99: 122-132. https://hero.epa.gov/reference/68063/ 4366 

Charles River Laboratories. (2025). The in vitro percutaneous absorption of radiolabelled p-4367 

dichlorobenzene (pDCB) in eight dose scenarios through human split-thickness skin. (Test 4368 

Facility Study No. 20471799; Sponsor Reference No. 10010456). Washington, DC: American 4369 

Chemistry Council. https://hero.epa.gov/reference/12392282/ 4370 

Chauvin, G; Vannier, G. (1994). Insecticidal properties of paradichlorobenzene and camphor: Effects on 4371 

behavior, transpiration and heat resistance. A preliminary study on Tineola bisselliella Hum. 4372 

(Lepidoptera: Tineidae). Acta Oecol 15: 23-29. https://hero.epa.gov/reference/4909001/ 4373 

Chemical Manufacturers Association. (1989). Two-generation reproduction study of inhaled 4374 

paradichlorobenzene in Sprague-Dawley (CD) rats [TSCA Submission]. In Bushy Run Research 4375 

Center, Project Report (pp. 51-593). (Project Report 51-593. OTS0523028. 40-89201001. 47002 4376 

L3A-2. TSCATS/407028). Bushy Run Research Center. Chemical Manufacturers Association. 4377 

https://hero.epa.gov/reference/5017707/ 4378 

Chen, JF; Jiao, C. (2016). Hydrogen sulfide alleviates chlorobenzene toxicity in soybean seedlings. 4379 

Ciencia Rural 46: 1743-1749. https://hero.epa.gov/reference/4914450/ 4380 

Chrostek, WJ; Thoburn, TW. (1976). Health Hazard Evaluation Determination Report No. HHE-74-4381 

107-279, General Electric Company, Silicone Products Department, Waterford, New York (pp. 4382 

74-107). (NIOSH/00179829). Chrostek, WJ; Thoburn, TW. 4383 

https://hero.epa.gov/reference/1990090/ 4384 

Consortium, M. (2010). The MicroArray Quality Control (MAQC)-II study of common practices for the 4385 

development and validation of microarray-based predictive models. Nat Biotechnol 28: 827-838. 4386 

https://hero.epa.gov/reference/13012883/ 4387 

Corton, JC; Hill, T; Sutherland, JJ; Stevens, JL; Rooney, J. (2020). A Set of Six Gene Expression 4388 

Biomarkers Identify Rat Liver Tumorigens in Short-term Assays. Toxicological sciences : an 4389 

official journal of the Society of Toxicology 177: 11-26. 4390 

https://hero.epa.gov/reference/13049131/ 4391 

Corton, JC; L, V; Cohen. (2024). A transcriptomic biomarker predictive of cell proliferation for use in 4392 

adverse outcome pathway-informed testing and assessment. Toxicological sciences : an official 4393 

journal of the Society of Toxicology 201: 174-189. https://hero.epa.gov/reference/13036684/ 4394 

Corton, JC; Mitchell, CA; Auerbach, S; Bushel, P; Ellinger-Ziegelbauer, H; Escobar, PA; Froetschl, R; 4395 

Harrill, AH; Johnson, K; Klaunig, JE; Pandiri, AR; Podtelezhnikov, AA; Rager, JE; Tanis, KQ; 4396 

van Der Laan, JW; Vespa, A; Yauk, CL; Pettit, SD; Sistare, FD. (2022). A Collaborative 4397 

Initiative to Establish Genomic Biomarkers for Assessing Tumorigenic Potential to Reduce 4398 

Reliance on Conventional Rodent Carcinogenicity Studies. Toxicological sciences : an official 4399 

journal of the Society of Toxicology 188: 4-16. https://hero.epa.gov/reference/13049139/ 4400 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11843638
https://hero.epa.gov/reference/11843638/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049134
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049134
https://hero.epa.gov/reference/13049134/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=630425
https://hero.epa.gov/reference/630425/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=68063
https://hero.epa.gov/reference/68063/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12392282
https://hero.epa.gov/reference/12392282/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4909001
https://hero.epa.gov/reference/4909001/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017707
https://hero.epa.gov/reference/5017707/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4914450
https://hero.epa.gov/reference/4914450/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1990090
https://hero.epa.gov/reference/1990090/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012883
https://hero.epa.gov/reference/13012883/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049131
https://hero.epa.gov/reference/13049131/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13036684
https://hero.epa.gov/reference/13036684/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049139
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049139
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049139
https://hero.epa.gov/reference/13049139/


PUBLIC RELEASE DRAFT 

April 2026 

Page 125 of 194 

Cotter, LH. (1953). Paradichlorobenzene poisoning from insecticides. N Y State J Med 53: 1690-1692. 4401 

https://hero.epa.gov/reference/4912426/ 4402 

CPA. (2005). Letter to OPPT Document Control Office, USEPA, from Lynne Jones, Manager, 4403 

Chlorobenzene Producers Association, re: Study entitled "p-Dichlorobenzene: In Vitro Dermal 4404 

Absorption Rate Testing". Available online at https://hero.epa.gov/reference/7978648/  4405 

Croes, K; Den Hond, E; Bruckers, L; Govarts, E; Schoeters, G; Covaci, A; Loots, I; Morrens, B; Nelen, 4406 

V; Sioen, I; Van Larebeke, N; Baeyens, W. (2015). Endocrine actions of pesticides measured in 4407 

the Flemish environment and health studies (FLEHS I and II). Environ Sci Pollut Res Int 22: 4408 

14589-14599. https://hero.epa.gov/reference/3061562/ 4409 

Curtis, M; Ward, C. (1981). Aquatic toxicity of forty industrial chemicals: Testing in support of 4410 

hazardous substance spill prevention regulation. J Hydrol 51: 359-367. 4411 

https://hero.epa.gov/reference/5352394/ 4412 

Curtis, MW; Copeland, TL; Ward, CH. (1979). Acute toxicity of 12 industrial chemicals to freshwater 4413 

and saltwater organisms. Water Res 13: 137-141. https://hero.epa.gov/reference/1392282/ 4414 

Davis, A; Gift, JS; Woodall, GM; Narotsky, MG; Foureman, GL. (2009). The role of developmental 4415 

toxicity studies in acute exposure assessments: Analysis of single-day vs. multiple-day exposure 4416 

regimens. Regul Toxicol Pharmacol 54: 134-142. https://hero.epa.gov/reference/194855/ 4417 

Delfino, RJ; Gong, H; Linn, WS; Hu, Y; Pellizzari, ED. (2003). Respiratory symptoms and peak 4418 

expiratory flow in children with asthma in relation to volatile organic compounds in exhaled 4419 

breath and ambient air. J Expo Anal Environ Epidemiol 13: 348-363. 4420 

https://hero.epa.gov/reference/90941/ 4421 

den Besten, C; Ellenbroek, M; van der Ree, MAE; Rietjens, IMC, M; van Bladeren, PJ. (1992). The 4422 

involvement of primary and secondary metabolism in the covalent binding of 1,2- and 1,4-4423 

dichlorobenzenes. Chem Biol Interact 84: 259-275. https://hero.epa.gov/reference/4912282/ 4424 

Desesso, JM; Scialli, AR. (2018). Bone development in laboratory mammals used in developmental 4425 

toxicity studies [Review]. Birth Defects Res 110: 1157-1187. 4426 

https://hero.epa.gov/reference/4955996/ 4427 

Dietrich, DR; Swenberg, JA. (1991). NCI-Black-Reiter (NBR) male rats fail to develop renal disease 4428 

following exposure to agents that induce alpha-2u-globulin (alpha 2u) nephropathy. Toxicol Sci 4429 

16: 749-762. https://hero.epa.gov/reference/28007/ 4430 

Dinkova-Kostova, AT; Wang, XJ. (2011). Induction of the Keap1/Nrf2/ARE pathway by oxidizable 4431 

diphenols. Chem Biol Interact 192: 101-106. https://hero.epa.gov/reference/13243420/ 4432 

Dow Chemical. (1944). The concentration of urea in the blood of men working in the chlorobenzol plant 4433 

[TSCA Submission]. (OTS0206683. 878214861). https://hero.epa.gov/reference/4929963/ 4434 

Dow Chemical. (1974). Dynamic acute toxicity of selected phenol and benzene compounds to rainbow 4435 

trout, Salmo gairdneria, Richardson prepared by Waste Control Dept [TSCA Submission]. 4436 

(OTS0206149. 878211088. TSCATS/017936). https://hero.epa.gov/reference/2048390/ 4437 

Dow Chemical. (1982a). A dynamic toxicity study of p-dichlorobenzene to bluegill [TSCA 4438 

Submission]. (OTS0206148. 878211361. TSCATS/017929). 4439 

https://hero.epa.gov/reference/4929941/ 4440 

Dow Chemical. (1982b). Para-dichlorobenzene - Inhalation teratology study in rabbits. (MRID: 4441 

40568001). Midland, MI. https://hero.epa.gov/reference/12227444/ 4442 

ECHA. (2004). European Union risk assessment report: 1,4-dichlorobenzene. (EINECS No: 203-400-5). 4443 

Luxembourg: European Commission, Joint Research Centre. 4444 

https://hero.epa.gov/reference/5017839/ 4445 

Eichner, J; Kossler, N. (2013). Expression data from CD-1 mouse liver samples obtained from in-vivo 4446 

treatment with genotoxic carcinogens, non-genotoxic carcinogens or non-hepatocarcinogens. 4447 

Retrieved from https://hero.epa.gov/reference/13012259/ 4448 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912426
https://hero.epa.gov/reference/4912426/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978648
https://hero.epa.gov/reference/7978648/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3061562
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3061562
https://hero.epa.gov/reference/3061562/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5352394
https://hero.epa.gov/reference/5352394/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1392282
https://hero.epa.gov/reference/1392282/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=194855
https://hero.epa.gov/reference/194855/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=90941
https://hero.epa.gov/reference/90941/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912282
https://hero.epa.gov/reference/4912282/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4955996
https://hero.epa.gov/reference/4955996/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=28007
https://hero.epa.gov/reference/28007/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13243420
https://hero.epa.gov/reference/13243420/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929963
https://hero.epa.gov/reference/4929963/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2048390
https://hero.epa.gov/reference/2048390/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929941
https://hero.epa.gov/reference/4929941/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227444
https://hero.epa.gov/reference/12227444/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017839
https://hero.epa.gov/reference/5017839/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012259
https://hero.epa.gov/reference/13012259/


PUBLIC RELEASE DRAFT 

April 2026 

Page 126 of 194 

Eichner, J; Kossler, N; Wrzodek, C; Kalkuhl, A; Bach Toft, D; Ostenfeldt, N; Richard, V; Zell, A. 4449 

(2013). A toxicogenomic approach for the prediction of murine hepatocarcinogenesis using 4450 

ensemble feature selection. PLoS ONE 8: e73938. https://hero.epa.gov/reference/13012260/ 4451 

Elcombe, CR; Peffer, RC; Wolf, DC; Bailey, J; Bars, R; Bell, D; Cattley, RC; Ferguson, SS; Geter, D; 4452 

Goetz, A; Goodman, JI; Hester, S; Jacobs, A; Omiecinski, CJ; Schoeny, R; Xie, W; Lake, BG. 4453 

(2014). Mode of action and human relevance analysis for nuclear receptor-mediated liver 4454 

toxicity: A case study with phenobarbital as a model constitutive androstane receptor (CAR) 4455 

activator [Review]. Crit Rev Toxicol 44: 64-82. https://hero.epa.gov/reference/2343661/ 4456 

Eldridge, SR; Goldsworthy, TL; Popp, JA; Butterworth, BE. (1992). Mitogenic stimulation of 4457 

hepatocellular proliferation in rodents following 1,4-dichlorobenzene administration. 4458 

Carcinogenesis 13: 409-415. https://hero.epa.gov/reference/4912293/ 4459 

Elliott, L; Longnecker, MP; Kissling, GE; London, SJ. (2006). Volatile organic compounds and 4460 

pulmonary function in the third national health and nutrition examination survey, 1988–1994. 4461 

Environ Health Perspect 114: 1210-1214. https://hero.epa.gov/reference/1057394/ 4462 

Etterson, M. (2020). User’s Manual: SSD Toolbox Version 1.0. (EPA/600/R-18/116). Duluth, MN: U.S. 4463 

Environmental Protection Agency. https://hero.epa.gov/reference/11350575/ 4464 

Eurofins EAG Agroscience, LLC, . (2023). p-Dichlorobenzene: A 10-day toxicity test with the midge 4465 

(Chironomus dilutus) using spiked whole sediment (with cover letter dated 11/21/2023). (264A-4466 

116; S21-08512). Washington, DC: American Chemistry Council. 4467 

https://hero.epa.gov/reference/11347349/ 4468 

Eurofins EAG Agroscience, LLC, . (2024). p-Dichlorobenzene: A life cycle toxicity test with the midge 4469 

(Chironomus dilutus) using spiked sediment. (264A-117; S21-08513). Washington, DC: 4470 

American Chemistry Council. https://hero.epa.gov/reference/11414384/ 4471 

Faure, M; San Miguel, A; Ravanel, P; Raveton, M. (2012). Concentration responses to organochlorines 4472 

in Phragmites australis. Environ Pollut 164: 188-194. https://hero.epa.gov/reference/1752518/ 4473 

Felter, SP; Foreman, JE; Boobis, A; Corton, JC; Doi, AM; Flowers, L; Goodman, J; Haber, LT; Jacobs, 4474 

A; Klaunig, JE; Lynch, AM; Moggs, J; Pandiri, A. (2018). Human relevance of rodent liver 4475 

tumors: Key insights from a toxicology forum workshop on nongenotoxic modes of action 4476 

[Review]. Regul Toxicol Pharmacol 92: 1-7. https://hero.epa.gov/reference/9642149/ 4477 

Figueroa, ID; Simmons, MS. (1991). Structure-activity relationships of chlorobenzenes using DNA 4478 

measurement as a toxicity parameter in algae. Environ Toxicol Chem 10: 323-330. 4479 

https://hero.epa.gov/reference/659965/ 4480 

Fisher, R; Barr, J; Zukoski, CF; Putnam, CW; Sipes, IG; Gandolfi, AJ; Brendel, K. (1991a). In-vitro 4481 

hepatotoxicity of three dichlorobenzene isomers in human liver slices. Hum Exp Toxicol 10: 4482 

357-363. https://hero.epa.gov/reference/4912291/ 4483 

Fisher, R; Mccarthy, S; Sipes, IG; Hanzlik, RP; Brendel, K. (1991b). Metabolism of dichlorobenzenes in 4484 

organ cultured liver slices. In Biological Reactive Intermediates IV: Molecular and Cellular 4485 

Effects and Their Impact on Human Health. New York, NY: Plenum Publishing. 4486 

https://hero.epa.gov/reference/4912380/ 4487 

Fisher, R; Smith, PF; Sipes, IG; Gandolfi, AJ; Krumdieck, CL; Brendel, K. (1990). Toxicity of 4488 

chlorobenzenes in cultured rat liver slices. In Vitro Toxicol 3: 181-194. 4489 

https://hero.epa.gov/reference/659972/ 4490 

Fisher, RL; Hasal, SJ; Sipes, IG; Gandolfi, AJ; Brendel, K. (1995). Comparative metabolism and 4491 

toxicity of dichlorobenzenes in Sprague-Dawley, Fischer-344 and human liver slices. Hum Exp 4492 

Toxicol 14: 414-421. https://hero.epa.gov/reference/4931239/ 4493 

Fox, JR; Hogan, KA; Davis, A. (2016). Dose-response modeling with summary data from 4494 

developmental toxicity studies. Risk Anal 37: 905-917. https://hero.epa.gov/reference/3392311/ 4495 

Frank, SB; Cohen, HJ. (1961). Fixed Drug Eruption Due to Paradichlorobenzene. N Y State J Med 61. 4496 

https://hero.epa.gov/reference/4937436/ 4497 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012260
https://hero.epa.gov/reference/13012260/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2343661
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2343661
https://hero.epa.gov/reference/2343661/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912293
https://hero.epa.gov/reference/4912293/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1057394
https://hero.epa.gov/reference/1057394/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11350575
https://hero.epa.gov/reference/11350575/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11347349
https://hero.epa.gov/reference/11347349/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414384
https://hero.epa.gov/reference/11414384/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1752518
https://hero.epa.gov/reference/1752518/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9642149
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9642149
https://hero.epa.gov/reference/9642149/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=659965
https://hero.epa.gov/reference/659965/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912291
https://hero.epa.gov/reference/4912291/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912380
https://hero.epa.gov/reference/4912380/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=659972
https://hero.epa.gov/reference/659972/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4931239
https://hero.epa.gov/reference/4931239/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3392311
https://hero.epa.gov/reference/3392311/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4937436
https://hero.epa.gov/reference/4937436/


PUBLIC RELEASE DRAFT 

April 2026 

Page 127 of 194 

Friedman, BJ; Carlos, CA; Richardson, V; Rosenbach, M. (2012). A fatal case of mothball intoxication 4498 

presenting with refractory pruritus and ichthyosis [Letter]. Arch Dermatol 148: 404-405. 4499 

https://hero.epa.gov/reference/4912139/ 4500 

Galassi, S; Vighi, M. (1981). Testing toxicity of volatile substances with algae. Chemosphere 10: 1123-4501 

1126. https://hero.epa.gov/reference/1990600/ 4502 

Gersich, FM; Blanchard, FA; Applegath, SL; Park, CN. (1986). The precision of daphnid (Daphnia 4503 

magna Straus, 1820) static acute toxicity tests. Arch Environ Contam Toxicol 15: 741-749. 4504 

https://hero.epa.gov/reference/18824/ 4505 

Geter, DR; Bhat, VS; Gollapudi, BB; Sura, R; Hester, SD. (2014). Dose-response modeling of early 4506 

molecular and cellular key events in the CAR-mediated hepatocarcinogenesis pathway. Toxicol 4507 

Sci 138: 425-445. https://hero.epa.gov/reference/3119204/ 4508 

Ghittori, S; Imbriani, M; Pezzagno, G; Capodaglio, E. (1985). Urinary elimination of p-dichlorobenzene 4509 

(p-DCB) and weighted exposure concentration. G Ital Med Lav 7: 59-63. 4510 

https://hero.epa.gov/reference/2193490/ 4511 

Giavini, E; Broccia, ML; Prati, M; Vismara, C. (1986). Teratologic evaluation of p-dichlorobenzene in 4512 

the rat. Bull Environ Contam Toxicol 37: 164-168. https://hero.epa.gov/reference/4931253/ 4513 

Gustafson, DL; Coulson, AL; Feng, L; Pott, WA; Thomas, RS; Chubb, LS; Saghir, SA; Benjamin, SA; 4514 

Yang, RS. (1998). Use of a medium-term liver focus bioassay to assess the 4515 

hepatocarcinogenicity of 1,2,4,5-tetrachlorobenzene and 1,4-dichlorobenzene. Cancer Lett 129: 4516 

39-44. https://hero.epa.gov/reference/677348/ 4517 

Haber, F. (1924). Zur Geschichte des Gaskrieges. In Fünf Vorträge aus den Jahren 1920-1923. Berlin: 4518 
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5092 

APPENDICES 5093 

 5094 

Appendix A BENCHMARK DOSE MODELING RESULTS FOR 5095 

CRITICAL ENDPOINTS  5096 

EPA performed benchmark dose (BMD) modeling using EPA’s BMD modeling software (BMDS 5097 

Version BMDS Online 25.1)5 for selected critical non-cancer human health outcomes identified in the p-5098 

dichlorobenzene non-cancer hazard assessment (see Section 2.3). EPA conducted BMD modeling in a 5099 

manner consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMDS-5100 

generated MS Word reports for the datasets discussed below are provided in the BMDS output 5101 

supplemental file (U.S. EPA, 2026b). The supplemental file includes the datasets used for model inputs, 5102 

BMDS results, and plots of the selected models.  5103 

 5104 

Non-cancer endpoints selected for modeling were based on dichotomous, nested dichotomous, or 5105 

continuous data. The default model selection settings in BMDS were used for all BMD modeling runs, 5106 

unless otherwise stated. For dichotomous data, the default model settings include the restricted 5107 

Dichotomous Hill, Gamma, Log Logistic, Multistage, and Weibull models and the unrestricted Logistic, 5108 

Log Probit, Probit, and Quantal Linear models. For nested dichotomous data, the default model selection 5109 

settings include the restricted Nested Logistic and National Center for Toxicological Research (NCTR) 5110 

models. Nested models enable consideration of litter-specific covariates. Models were applied with and 5111 

without litter size as a litter-specific covariate (lsc), and with and without intralitter correlation (ilc); 5112 

thus, the forms of the model include lsc+ilc+, lsc+ilc-, lsc-ilc+, and lsc-ilc-. For continuous data, the 5113 

default model settings include the restricted Exponential, Hill, Polynomial, and Power models and the 5114 

unrestricted Linear model.  5115 

 5116 

Dichotomous models were fit employing a BMR of 10% extra risk (ER) and a BMR of 5% ER where 5117 

appropriate. Adequacy of model fit was judged based on the chi-square goodness-of-fit p-value (p > 5118 

0.1), magnitude of scaled residuals in the vicinity of the BMR, and visual inspection of the model fit. 5119 

 5120 

Continuous models were fit employing a BMR of 1 standard deviation (SD) and 10% relative deviation 5121 

(RD) where appropriate. A BMR of 0.5 SD was applied to certain datasets to account for the severity of 5122 

developmental outcomes. An adequate fit was judged based on the chi-square goodness-of-fit p-value 5123 

(Test 4; p > 0.1), magnitude of scaled residuals in the vicinity of the BMR, and visual inspection of the 5124 

model fit. In addition to these three criteria, a determination was made as to whether the variance across 5125 

dose groups was constant. If a constant variance model was deemed appropriate based on the statistical 5126 

test provided in BMDS (i.e., Test 2; p-value > 0.05), the final BMD results were estimated from a 5127 

constant variance model. If the test for homogeneity of variance was rejected (p-value < 0.05), the 5128 

dataset was run again while modeling the variance as a power function of the mean to account for 5129 

nonconstant variance. If this nonconstant variance model also did not adequately fit the data (i.e., Test 3; 5130 

p-value < 0.05), the lognormal distribution option was applied. If neither variance model nor the 5131 

lognormal distribution option provided adequate fit to the data, the dataset was considered unsuitable for 5132 

BMD modeling.  5133 

 5134 

For dichotomous, nested dichotomous, and continuous data, the lowest benchmark dose lower 5135 

confidence level (BMDL) from all models providing adequate fit was selected if the BMDLs estimated 5136 

 
5BMDS package version and timestamps: U.S. Environmental Protection Agency. (2025). BMDS Online (25.1; pybmds 25.1; 

bmdscore 25.1) [Software]. Available from https://bmdsonline.epa.gov; accessed February 5, 2026. 
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from different models varied greater than 3-fold; otherwise, the BMDL from the model with the lowest 5137 

Akaike’s information criterion (AIC) was selected. 5138 

 5139 

Administered concentrations/doses were converted to HECs/HEDs prior to BMD analyses. Graphs of 5140 

the selected modeling results for BMDLs selected for use in risk estimation are also included below, 5141 

where applicable. 5142 

 Chemical Manufacturers Association (1989) 5143 

A.1.1 Pup Deaths in Multigenerational Study of Rats  5144 

Pup deaths through postnatal day (PND) 4 were increased in both F1 and F2 generations in a 5145 

multigenerational study of SD rat dams exposed to p-dichlorobenzene via inhalation (6 hours/day, 7 5146 

days/week) (Chemical Manufacturers Association, 1989). Data for pup deaths were modeled using 5147 

nested dichotomous models. For nested modeling, the required inputs are numbers of dead pups per 5148 

litter and litter size. Pup viability data for each litter were reported in Appendix 3 of (Chemical 5149 

Manufacturers Association, 1989). For each dam, data reported on PND 0 consisted of numbers of males 5150 

and females alive, stillborn, or cannibalized, as well as numbers of cannibalized pups of undetermined 5151 

sex. Analyses were performed with either inclusion of stillbirths (PND 0–4 viability) or exclusion of 5152 

stillbirths (PND 1–4 viability). 5153 

 5154 

Data reported on PND 4 consisted of numbers of males and females alive, dead, or missing, as well as 5155 

number of missing pups of undetermined sex. PND 4 data were reported before and after culling the 5156 

pups. All BMD analyses used PND 4 data prior to culling. Options for treating the cannibalized and 5157 

missing pups in the model were: (a) assume that cannibalized and missing pups died before being 5158 

cannibalized/lost; (b) exclude cannibalized and missing pups from the analysis; or (c) assume that 5159 

cannibalized and missing pups were alive when cannibalized/lost. For the purposes of BMD modeling 5160 

herein, options (a) and (b) were considered. For option (a) (assumes that cannibalized/missing pups were 5161 

dead), the litter size used was the total number of pups born. For option (b) (excludes 5162 

cannibalized/missing pups from the analysis), the litter size used was the total number of pups born alive 5163 

after subtracting the number of pups that were subsequently identified as cannibalized/missing. EPA 5164 

determined that, without evidence to the contrary, all cannibalized and missing pups compared to PND 0 5165 

should be assumed dead due to exposure; therefore, option (a) was considered more appropriate. Results 5166 

for both options (a) and (b) are provided below.  5167 

 5168 

Datasets for the pup viability that were considered for modeling are shown in Table_Apx A-1. BMD 5169 

modeling was not performed for the dataset, “F2 pup deaths (number of dead only) on PND 1-4,” as 5170 

only one F2 pup was confirmed to have died by PND 4. 5171 

 5172 

Table_Apx A-1. Datasets Considered for BMD Modeling for Pup Deaths From Litters of Dams 5173 

Administered p-Dichlorobenzene via Inhalation (6 Hours/Day, 7 Days/Week) in a Two-Generation 5174 

Reproduction Study in Sprague-Dawley Rats (Chemical Manufacturers Association, 1989) 5175 

Dataset Basis for Litter Size Basis for the Number of Deaths per Litter 

F1 generation 

F1 pup deaths on PND 1–4a All pups born alive  All pups reported as dead, cannibalized, or missing 

between PND 1–4  

F1 pup deaths (number of 

dead only) on PND 1–4 b 

All pups born alive minus number 

of cannibalized or missing pups 

Only pups reported as dead between PND 1–4  

F1 pup deaths (total) on PND 

0–4 a 

All pups born, including stillbirths All stillborn, dead, cannibalized, or missing pups 

between PND 0–4 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017707
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017707
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017707
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Dataset Basis for Litter Size Basis for the Number of Deaths per Litter 

F2 generation 

F2 pup deaths on PND 1–4 a All pups born alive  All pups reported as dead, cannibalized, or missing 

pups between PND 1–4 

F2 pup deaths (number of 

dead only) on PND 1–4 b 

All pups born alive minus number 

cannibalized or missing 

Only pups reported as dead between PND 1–4 

 

F2 pup deaths (total) on PND 

0–4 a 

All pups born, including stillbirths All stillborn, dead, cannibalized, or missing pups 

between PND 0–4 

a Assumes that cannibalized and missing pups were dead. 
b Excludes cannibalized and missing pups from the analysis. 

 5176 

Nested dichotomous data on pup deaths were modeled using BMRs of 5% and 10% ER consistent with 5177 

EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The total litter size was used as the 5178 

litter specific covariate using the default “Overall Mean” option (averaged across all dose groups). 5179 

A.1.1.1 F1 Pup Deaths on PND 1 to 4 5180 

The dataset for F1 pup deaths on PND 1 to 4 included pups reported as dead, missing, or cannibalized. 5181 

The litter size used for modeling included only pups born alive (pups found cannibalized were assumed 5182 

to have been born alive); stillborn pups were excluded. Data for the litter of dam number 19009 in the 5183 

control group were excluded because all pups were stillborn. The BMD modeling results for increased 5184 

incidence of F1 pup deaths on PND 1 to 4 are summarized in Table_Apx A-2. 5185 

 5186 

Table_Apx A-2. Summary of BMD Modeling Results for F1 Pup Deaths on PND 1–4 in Litters of 5187 

Dams Administered p-Dichlorobenzene via Inhalation (Chemical Manufacturers Association, 5188 

1989) 5189 

Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER 

For the Nested Logistic model, only the 

model form applying both the intralitter 

correlation (ilc+) and the litter-specific 

covariate (lsc+) provided adequate fit 

to the data (p-value > 0.1).  

 

For the NCTR model, model forms 

applying the intralitter correlation 

(ilc+) provided an adequate fit to the 

data (p-value > 0.1) with or without the 

litter-specific covariate (lsc) applied.  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest 

AIC was selected. 

Nested Logistic (lsc+ilc+) 46.8 83.0 440.57 −0.358 S 

NCTR (lsc-ilc+) 36.0 72.0 441.68 −0.368 V 

NCTR (lsc+ilc+) 36.0 72.0 441.68 −0.368 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc-ilc+) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-) 

NCTR (lsc+ilc-)  

Goodness-of-fit p-value < 0.1 Q 

BMR: 10% ER 

Nested Logistic (lsc+ilc+) 71.6 115 440.57 −0.155 S 

NCTR (lsc-ilc+) 48.6 96.9 441.68 −0.309 V 

NCTR (lsc+ilc+) 48.6 96.9 441.68 −0.309 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc-ilc+) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-)  

NCTR (lsc+ilc-)  

Goodness-of-fit p-value < 0.1 Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for point of departure (POD) derivation); 

V = viable model; Q = questionable model. Green shading indicates viable models. Gray shading indicates questionable 

models. 
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 5190 

 5191 

Figure_Apx A-1. BMD Modeling Graph of the Nested Logistic Model 5192 

for F1 Pup Deaths on PND 1–4 in Litters of Rat Dams 5193 

A.1.1.2 F1 Pup Deaths (Number of Dead Only) on PND 1 to 4 5194 

The dataset for F1 pup deaths (number of dead only) on PND 1 to 4 included only pups reported as dead 5195 

between PND 1 and 4, excluding missing pups and pups found cannibalized. The litter size used for 5196 

modeling consisted of the number of pups born alive minus the number of cannibalized or missing pups. 5197 

Data for the litter of dam number 19009 in the control group were excluded because all pups were 5198 

stillborn and data for the litter of dam number 18938 in the 150 ppm group were excluded because all 5199 

pups were missing after PND 0. The BMD modeling results for increased incidence of F1 pup deaths 5200 

(number of dead only) on PND 1 to 4 are summarized in Table_Apx A-3. 5201 

 5202 

Table_Apx A-3. Summary of BMD Modeling Results for F1 Pup Deaths (Number of Dead Only) 5203 

on PND 1–4 in Litters of Dams Administered p-Dichlorobenzene via Inhalation (Chemical 5204 

Manufacturers Association, 1989) 5205 

Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER For the Nested Logistic model, model 

forms applying the intralitter 

correlation (ilc+) provided an 

adequate fit to the data (p-value > 0.1) 

with or without the litter specific 

covariate (lsc) applied. 

 

All NCTR models were considered 

questionable. 

 

The BMDLs of the viable models 

were sufficiently close (differed by 

<3-fold); therefore, the model with 

the lowest AIC was selected. 

Nested Logistic (lsc+ilc+) 66.9 127 73.65 −0.317 S 

Nested Logistic (lsc-ilc+) 61.0 114 75.74 −0.356 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-)  

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 

Q 

NCTR (lsc-ilc+)  

NCTR (lsc+ilc+) 

Lowest dose/BMDL ratio > 10.0 

BMD/BMDL ratio > 20.0 

BMR: 10% ER 

Nested Logistic (lsc+ilc+) c 104 158 73.65 −0.317 S 

Nested Logistic (lsc-ilc+) c 98.3 144 75.74 −0.356 V 
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Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-)  

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 

Q 

NCTR (lsc-ilc+)  

NCTR (lsc+ilc+) 

Lowest dose/BMDL ratio > 10.0 

BMD/BMDL ratio > 20.0 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
c BMD/highest dose ratio > 1.0. 

A.1.1.3 F1 Pup Deaths (Total) on PND 0 to 4 5206 

The dataset for total F1 pup deaths on PND 0 to 4 included pups reported as stillborn, dead, missing, or 5207 

cannibalized. The litter size used for modeling consisted of all pups born, including stillborn pups. The 5208 

BMD modeling results for increased incidence of F1 pup deaths (total) on PND 0 to4 are summarized in 5209 

Table_Apx A-4. 5210 

 5211 

Table_Apx A-4. Summary of BMD Modeling Results for F1 Pup Deaths (Total) on PND 0–4 in 5212 

Litters of Dams Administered p-Dichlorobenzene via Inhalation (Chemical Manufacturers 5213 

Association, 1989) 5214 

Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% and 10% ER 

None of the models provided an adequate fit 

to the data (p-value < 0.1); therefore, no 

model was selected. 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc-ilc+) 

Nested Logistic (lsc+ilc-) 

Nested Logistic (lsc+ilc+) 

NCTR (lsc-ilc-)  

NCTR (lsc-ilc+)  

NCTR (lsc+ilc-)  

NCTR (lsc+ilc+) 

Goodness-of-fit p-value < 0.1 Q 

a Data are shown only for models that were considered viable. 
b Model fit: Q = questionable model. Gray shading indicates questionable models. 

A.1.1.4 F2 Pup Deaths on PND 1 to 4 5215 

The dataset for F2 pup deaths on PND 1 to 4 included pups reported as dead, missing, or cannibalized. 5216 

The litter size used for modeling included only pups born alive (pups found cannibalized were assumed 5217 

to have been born alive); stillborn pups were excluded. Data for the litter of dam number 35848 in the 5218 

control group were excluded because no pups were born alive. The BMD modeling results for increased 5219 

incidence of F2 pup deaths on PND 1 to 4 are summarized in Table_Apx A-5. 5220 

 5221 
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Table_Apx A-5. Summary of BMD Modeling Results for F2 Pup Deaths on PND 1–4 in Litters of 5222 

Dams Administered p-Dichlorobenzene via Inhalation (Chemical Manufacturers Association, 5223 

1989) 5224 

Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER 

For both the Nested Logistic and the 

NCTR models, model forms applying 

the intralitter correlation (ilc+) 

provided an adequate fit to the data (p-

value > 0.1) with or without the litter 

specific covariate (lsc) applied. 

 

The BMDLs of the viable models 

were sufficiently close (differed by 

<3-fold); therefore, the model with the 

lowest AIC was selected. The NCTR 

(lsc-ilc+) and NCTR (lsc+ilc+) model 

forms converged for each BMR and 

these had the lowest AIC. 

NCTR (lsc-ilc+) 101 121 217.91 −0.543 S 

NCTR (lsc+ilc+) 101 121 217.91 −0.543 V 

Nested Logistic (lsc-ilc+) 65.8 77.5 223.05 −0.508 V 

Nested Logistic (lsc+ilc+) 70.5 84.0 221.04 −0.449 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-)  

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 Q 

BMR: 10% ER 

NCTR (lsc-ilc+) 105 126 217.91 −0.543 S 

NCTR (lsc+ilc+) 105 126 217.91 −0.543 V 

Nested Logistic (lsc-ilc+) 81.7 96.1 223.05 −0.498 V 

Nested Logistic (lsc+ilc+) 85.2 102 221.04 −0.443 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-) 

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

A.1.1.5 F2 Pup Deaths (Total) on PND 0 to 4 5225 

The dataset for total F2 pup deaths on PND 0 to 4 included pups reported as stillborn, dead, missing, or 5226 

cannibalized. The litter size used for modeling consisted of all pups born, including stillborn pups. The 5227 

BMD modeling results for increased incidence of F2 pup deaths (total) on PND 0 to 4 are summarized in 5228 

Table_Apx A-6. 5229 

 5230 

Table_Apx A-6. Summary of BMD Modeling Results for F2 Pup Deaths (Total) on PND 0–4 in 5231 

Litters of Dams Administered p-Dichlorobenzene via Inhalation (Chemical Manufacturers 5232 

Association, 1989) 5233 

Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER Using a BMR of 5% ER, none of the 

Nested Logistic model forms provided 

adequate fit to the data (p-value < 0.1); 

however, using a BMR of 10% ER, 

the Nested Logistic (lsc+ilc+) model 

form provided an adequate fit (p-value 

> 0.1). 

 

For the NCTR model (both BMRs), 

model forms applying the intralitter 

correlation (ilc+) provided an adequate 

NCTR (lsc-ilc+) 99.3 119 380.35 −0.800 S 

NCTR (lsc+ilc+) 99.3 119 380.35 −0.800 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc-ilc+) 

Nested Logistic (lsc+ilc-) 

Nested Logistic (lsc+ilc+) 

NCTR (lsc-ilc-)  

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 Q 

BMR: 10% ER 
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Model a 
BMDL 

(ppm) 

BMD  

(ppm) 
AIC 

Maximum 

Scaled Residual 

Near BMD 

Fit b Model Selection Notes 

NCTR (lsc-ilc+) 103 124 380.35 −0.800 S  fit to the data (p-value > 0.1) with or 

without the litter specific covariate 

(lsc) applied.  

 

The NCTR (lsc-ilc+) and NCTR 

(lsc+ilc+) model forms converged for 

each BMR and were the only viable 

models for the BMR of 5% ER. 

NCTR (lsc+ilc+) 103 124 380.35 −0.800 V 

Nested Logistic (lsc+ilc+) 80.4 92.6 383.40 0.968 V 

Nested Logistic (lsc-ilc-) 

Nested Logistic (lsc-ilc+) 

Nested Logistic (lsc+ilc-) 

NCTR (lsc-ilc-) 

NCTR (lsc+ilc-) 

Goodness-of-fit p-value < 0.1 Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

 Monsanto Chemical Company (1994a) 5234 

A.2.1 Forelimb Grip Strength in Male Rats  5235 

Continuous data for decreased forelimb grip strength in male SD rats exposed to p-dichlorobenzene via 5236 

inhalation for 4 hours were modeled using a BMR of 1 SD consistent with EPA’s Benchmark Dose 5237 

Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for decreased forelimb grip 5238 

strength in male rats are summarized in Table_Apx A-7.  5239 

 5240 

Table_Apx A-7. Summary of BMD Modeling Results for Forelimb Grip Strength in Male Rats 5241 

Exposed to p-Dichlorobenzene via Inhalation (Monsanto Chemical Company, 1994a) Using the 5242 

Constant Variance Model 5243 

Model a 

BMDL 

1 SD 

(ppm) 

BMD 

1 SD 

(ppm) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Linear 50.1 77.4 −32.34 −0.078 S The constant variance model provided an adequate fit 

to the variance data (Test 2 p-value > 0.05). The 

Linear, Exponential 3, Polynomial 2, Polynomial 3, and 

Power models provided adequate fit to the means (Test 

4 p-value > 0.1). 

 

The BMDLs of the viable models were sufficiently 

close (differed by <3-fold); therefore, the model with 

the lowest AIC was selected. 

Exponential 3 46.3 82.7 −30.41 −0.006 V 

Polynomial 2 50.4 83.8 −30.42 −0.001 V 

Polynomial 3 50.3 85.3 −30.42 −0.011 V 

Power 50.3 83.1 −30.42 −0.005 V 

Exponential 5, 

Hill 

Zero degrees of freedom; saturated 

model 
Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; 

Q = questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

A.2.2 Hindlimb Grip Strength in Male Rats  5244 

Continuous data for decreased hindlimb grip strength in male SD rats exposed to p-dichlorobenzene via 5245 

inhalation for 4 hours were modeled using a BMR of 1 SD consistent with EPA’s Benchmark Dose 5246 

Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for decreased hindlimb grip 5247 

strength in male rats are summarized in Table_Apx A-8.  5248 

  5249 
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Table_Apx A-8. Summary of BMD Modeling Results for Hindlimb Grip Strength in Male Rats 5250 

Exposed to p-Dichlorobenzene via Inhalation (Monsanto Chemical Company, 1994a) Using the 5251 

Constant Variance Model 5252 

Model a 

BMDL 

1 SD 

(ppm) 

BMD 

1 SD 

(ppm) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Exponential 3 49.8 85.8 −83.20 0.267 S 
The constant variance model provided an adequate fit to 

the variance data (Test 2 p-value > 0.05). The 

Exponential 3, Polynomial 2, Polynomial 3, Power, and 

Linear models provided adequate fit to the means (Test 

4 p-value > 0.1) and were viable. 

 

The BMDLs of the viable models were sufficiently 

close (differed by <3-fold); therefore, the model with 

the lowest AIC was selected. 

Polynomial 2 55.0 89.0 −83.07 0.246 V 

Polynomial 3 55.0 89.0 −83.07 0.245 V 

Power 55.0 89.0 −83.07 0.246 V 

Linear 55.0 89.0 −83.07 0.246 V 

Exponential 5  
lowest dose/BMDL ratio > 3.0 

BMD/BMDL ratio > 20.0 
Q 

Hill 
lowest dose/BMDL ratio > 10.0 

BMD/BMDL ratio > 20.0 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; 

Q = questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

 5253 

 5254 

 5255 

Figure_Apx A-2. BMD Modeling Graph of the Exponential 3 Model 5256 

for Hindlimb Grip Strength in Male Rats 5257 

A.2.3 Motor Activity in Male Rats  5258 

Continuous data for decreased motor activity in male SD rats exposed to p-dichlorobenzene via 5259 

inhalation for 4 hours were modeled using a BMR of 1 SD consistent with EPA’s Benchmark Dose 5260 

Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for decreased motor activity in 5261 

male rats are summarized in Table_Apx A-9.  5262 

 5263 
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Table_Apx A-9. Summary of BMD Modeling Results for Motor Activity in Male Rats Exposed to 5264 

p-Dichlorobenzene via Inhalation (Monsanto Chemical Company, 1994a) Using the Nonconstant 5265 

Variance Model 5266 

Model a 

BMDL 

1 SD 

(ppm) 

BMD 

1 SD 

(ppm) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Polynomial 2 75.5 91.4 428.44 −0.003 S The constant variance model did not provide an adequate 

fit to the variance data (Test 2 p-value < 0.05), but the 

nonconstant variance model provided adequate fit (Test 3 

p-value > 0.05). With the nonconstant variance model 

applied, the Polynomial 2, Exponential 3, Hill, Polynomial 

3, and Power models provided adequate fit to the means 

(Test 4 p-value > 0.1) and were viable. 

 

The BMDLs of the viable models were sufficiently close 

(differed by <3-fold); therefore, the model with the lowest 

AIC was selected. 

Exponential 3 96.2 98.5 429.38 0.055 V 

Hill 39.4 79.5 429.37 0.000 V 

Polynomial 3 76.0 92.0 430.31 −0.006 V 

Power 79.1 99.0 429.37 0.012 V 

Exponential 5  
Zero degrees of freedom; saturated 

model 
Q 

Linear  Goodness-of-fit p-value < 0.1 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; 

Q = questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

 Aiso et al. (2005b) 5267 

A.3.1 Eosinophilic Globules (Olfactory Epithelium) in Female Rats 5268 

Dichotomous data for increased incidence of eosinophilic globules in the olfactory epithelium in female 5269 

F344 rats exposed to p-dichlorobenzene via inhalation for 2 years (6 hours/day, 5 days/week) were 5270 

modeled using a BMR of 10% ER consistent with EPA’s Benchmark Dose Technical Guidance (U.S. 5271 

EPA, 2012b). To dichotomize the response data, severity scores of 2-3 were counted as positive and 5272 

scores of 1 were counted as negative. The sum of all animals in each dichotomous category (positive or 5273 

negative) was used as model input. 5274 

 5275 

Prior to modeling, exposure concentrations were adjusted to continuous exposure and the regional gas 5276 

dose ratio (RGDR) was applied as described in Section 2.3.2.2.1. The BMD modeling results for 5277 

increased incidence of eosinophilic globules in female rats are summarized in Table_Apx A-10.  5278 

 5279 

Table_Apx A-10. Summary of BMD Modeling Results for Eosinophilic Globules (Olfactory 5280 

Epithelium) in Female Rats Exposed to p-Dichlorobenzene via Inhalation (Aiso et al., 2005b) 5281 

Model a 

BMDL 

10% ER 

(ppm) 

BMD 

10% ER 

(ppm) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Logistic, 0.546 0.763 217.78 −0.375 S All models, except the Hill model, provided 

adequate fit to the data (p-value > 0.1).  

 

The BMDLs of the viable models were not 

sufficiently close (differed by > 3-fold). BMDS 

recommended the Log Probit model based on 

the lowest BMDL; however, this model had a 

ratio of lowest dose/BMDL of > 3 and a ratio of 

BMD/BMDL of > 3. In addition, the BMDL for 

the Log Probit model is below the lowest dose 

and the no-observed-adverse-effect 

concentration (NOAEC). The Logistic model 

Gamma 0.374 0.553 217.13 −0.362 V 

Log Logistic c d 0.162 0.608 218.52 −0.220 V 

Multistage 1 degree 0.374 0.553 217.13 −0.362 V 

Multistage 2 degree 0.374 0.553 217.13 −0.362 V 

Multistage 3 degree 0.374 0.553 217.13 −0.362 V 

Weibull 0.374 0.553 217.13 −0.362 V 

Log Probit c d 0.126 0.633 218.52 −0.220 V 

Probit 0.656 0.871 218.21 −0.404 V 

Quantal Linear 0.374 0.553 217.13 −0.362 V 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227443
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912180
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912180


PUBLIC RELEASE DRAFT 

April 2026 

Page 149 of 194 

Model a 

BMDL 

10% ER 

(ppm) 

BMD 

10% ER 

(ppm) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Hill Zero degrees of freedom; saturated model Q 

was selected because the BMD is only slightly 

below the lowest dose and NOAEC (see Section 

2.3.2.2.3).  

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
c Lowest dose/BMD ratio > 3.0. 
d BMD/BMDL ratio > 3.0. 

 5282 

 5283 

 5284 

Figure_Apx A-3. BMD Modeling Graph of the Logistic Model for 5285 

Eosinophilic Globules (Olfactory Epithelium) in Female Rats 5286 

 Monsanto Chemical Company (1996) 5287 

A.4.1 One-Year Exposure in Dogs  5288 

A.4.1.1 Relative Liver Weight in Male Dogs 5289 

Continuous data for increased relative liver weight in male beagle dogs administered p-dichlorobenzene 5290 

via oral capsule for 1 year (5 days/week) were modeled using BMRs of 10% RD and 1 SD consistent 5291 

with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for 5292 

increased relative liver weight in male dogs are summarized in Table_Apx A-11.  5293 

  5294 
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Table_Apx A-11. Summary of BMD Modeling Results for Relative Liver Weight in Male Dogs 5295 

Exposed to p-Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 1996) Using the 5296 

Constant Variance Model 5297 

Model a 
BMDL 

(mg/kg-day) 

BMD 

(mg/kg-day) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 10% RD 

The constant variance model provided 

adequate fit to the variance data (Test 2 p-

value > 0.05). For both BMRs, the Linear, 

Exponential 3, Polynomial 2, Polynomial 3, 

and Power models provided adequate fit to 

the means (Test 4 p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC was 

selected. 

 

 

Linear 3.4 4.5 23.65 −0.364 S 

Exponential 3 4.7 6.1 25.37 −0.272 V 

Polynomial 2 3.4 5.9 25.36 −0.272 V 

Polynomial 3 3.4 6.2 25.36 −0.279 V 

Power 3.5 6.8 25.27 −0.156 V 

Exponential 5, 

Hill 
Zero degrees of freedom; saturated model Q 

BMR: 1 SD 

Linear 5.0 6.8 23.65 −0.364 S 

Exponential 3 6.3 8.6 25.37 −0.272 V 

Polynomial 2 51 8.4 25.36 −0.272 V 

Polynomial 3 5.1 8.8 25.36 −0.279 V 

Power 5.1 9.2 25.27 −0.156 V 

Exponential 5, 

Hill 
Zero degrees of freedom; saturated model Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

A.4.1.2 Relative Liver Weight in Female Dogs 5298 

Continuous data for increased relative liver weight in female beagle dogs administered p-5299 

dichlorobenzene via oral capsule for 1 year (5 days/week) were modeled using BMRs of 10% RD and 1 5300 

SD consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD 5301 

modeling results for increased relative liver weight in female dogs are summarized in Table_Apx A-12.  5302 

 5303 

Table_Apx A-12. Summary of BMD Modeling Results for Relative Liver Weight in Female Dogs 5304 

Exposed to p-Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 1996) Using the 5305 

Constant Variance Model 5306 

Model a 
BMDL 

(mg/kg-day) 

BMD 

(mg/kg-day) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 10% RD The constant variance model provided 

adequate fit to the variance data (Test 2 p-

value > 0.05). For both BMRs, the Linear, 

Exponential 3, Polynomial 2, Polynomial 3, 

and Power models provided adequate fit to 

the means (Test 4 p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC 

was selected. 

 

Linear c 3.5 4.7 31.38 0.100 S 

Polynomial 2 c 3.5 4.7 31.38 0.100 V 

Polynomial 3 c 3.5 4.7 31.38 0.100 V 

Power c 3.5 4.7 31.38 0.100 V 

Exponential 3 c 4.9 6.1 32.31 0.103 V 

Exponential 5, 

Hill 
Zero degrees of freedom; saturated model Q 

BMR: 1 SD 

Linearc 5.9 8.0 31.38 0.100 S 
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Model a 
BMDL 

(mg/kg-day) 

BMD 

(mg/kg-day) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Polynomial 2 c 5.9 8.0 31.38 0.100 V The Linear, Polynomial 2, Polynomial 3, 

and Power models converged for each BMR 

and these models had the lowest AIC. 

 

 

Polynomial 3 c 5.9 8.0 31.38 0.100 V 

Power c 5.9 8.0 31.38 0.100 V 

Exponential 3 c 7.7 10.1 32.31 0.103 V 

Exponential 5, 

Hill 
Zero degrees of freedom; saturated model Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
c Control standard deviation fit > 1.5. 

A.4.1.3 Relative Liver Weight in Male and Female Dogs (Combined) 5307 

Continuous data for increased relative liver weight in male and female beagle dogs (combined) 5308 

administered p-dichlorobenzene via oral capsule for 1 year (5 days/week) were modeled using BMRs of 5309 

10% RD and 1 SD consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The 5310 

BMD modeling results for increased relative liver weight in male and female dogs (combined) are 5311 

summarized in Table_Apx A-13.  5312 

 5313 

Table_Apx A-13. Summary of BMD Modeling Results for Relative Liver Weight in Male and 5314 

Female Dogs (Combined) Exposed to p-Dichlorobenzene via Oral Capsule (Monsanto Chemical 5315 

Company, 1996) Using the Constant Variance Model 5316 

Model a 

BMDL 

(mg/kg-

day) 

BMD 

(mg/kg-

day) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 10% RD 

The constant variance model provided 

adequate fit to the variance data (Test 2 p-

value > 0.05). For both BMRs, the Linear, 

Exponential 3, Polynomial 2, Polynomial 3, 

and Power models provided adequate fit to the 

means (Test 4 p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC was 

selected. 

 

The Linear, Polynomial 2, Polynomial 3, and 

Power models converged for each BMR and 

these models had the lowest AIC. 

Linear 3.7 4.6 49.67 −0.175 S 

Polynomial 2 3.7 4.6 49.67 −0.184 V 

Polynomial 3 3.7 4.6 49.67 −0.176 V 

Power 3.7 4.6 49.67 −0.174 V 

Exponential 3 5.1 5.9 50.52 −0.126 V 

Exponential 5 

Hill 

Zero degrees of freedom; saturated model Q 

BMR: 1 SD 

Linear 6.0 7.5 49.67 −0.175 S 

Polynomial 2 6.0 7.5 49.67 −0.184 V 

Polynomial 3 6.0 7.5 49.67 −0.176 V 

Power 6.0 7.5 49.67 −0.174 V 

Exponential 3 7.6 9.3 50.52 −0.126 V 

Exponential 5 

Hill 

Zero degrees of freedom; saturated model Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
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A.4.1.4 Serum Alkaline Phosphatase (ALP) at 1 Year in Male Dogs 5317 

Continuous data for increased serum ALP in male beagle dogs administered p-dichlorobenzene via oral 5318 

capsule for 1 year (5 days/week) were modeled using a BMR of 1 SD consistent with EPA’s Benchmark 5319 

Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for increased serum ALP in 5320 

male dogs are summarized in Table_Apx A-14.  5321 

 5322 

Table_Apx A-14. Summary of BMD Modeling Results for Serum ALP in Male Dogs Exposed to p-5323 

Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 1996) Using the Nonconstant 5324 

Variance Model 5325 

Model a 

BMDL 

1 SD 

(mg/kg-day) 

BMD 

1 SD 

(mg/kg-day) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Exponential 3 

Polynomial 2 

Polynomial 3, 

Power  

Linear 

Goodness-of-fit p-value < 0.1 

Q 

 

The constant variance model did not provide an 

adequate fit to the variance data (Test 2 p-value 

< 0.05), but the nonconstant variance model 

provided adequate fit (Test 3 p-value > 0.05). 

With the nonconstant variance model applied, 

none of the models were considered viable; 

therefore, no model was selected.  
Exponential 5 

Hill 

Zero degrees of freedom; saturated model 

a Data are shown only for models that were considered viable. 
b Model fit: Q = questionable model; Gray shading indicates questionable models. 

A.4.1.5 Serum ALP at 1 Year in Female Dogs 5326 

Continuous data for increased serum ALP in female beagle dogs administered p-dichlorobenzene via 5327 

oral capsule for 1 year (5 days/week) were modeled using a BMR of 1 SD consistent with EPA’s 5328 

Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for increased 5329 

serum ALP in female dogs are summarized in Table_Apx A-15.  5330 

 5331 

Table_Apx A-15. Summary of BMD Modeling Results for Serum ALP in Female Dogs Exposed to 5332 

p-Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 1996) Using the Nonconstant 5333 

Variance Model 5334 

Model a 

BMDL 

1 SD 

(mg/kg-day) 

BMD 

1 SD 

(mg/kg-day) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Polynomial 2 3.0 6.8 250.046533 −0.286 S The constant variance model did not 

provide an adequate fit to the variance 

data (Test 2 p-value < 0.05), but the 

nonconstant variance model provided 

adequate fit (Test 3 p-value > 0.05). With 

the nonconstant variance model applied, 

the Polynomial 2, Exponential 3, 

Polynomial 3, and Power models 

provided adequate fit to the means (Test 4 

p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC 

was selected. 

Exponential 3  3.0 4.8 253.589058 −0.824 V 

Polynomial 3 2.9 6.8 250.046534 −0.286 V 

Power 3.3 6.5 252.033759 −0.335 V 

Exponential 5, 

Hill 

Zero degrees of freedom; saturated model 

Q 

Linear Goodness-of-fit p-value < 0.1 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

 5335 
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 5336 

Figure_Apx A-4. BMD Modeling Graph of the Polynomial 2 Model 5337 

for Serum ALP in Female Dogs (1-Year Timepoint) 5338 

A.4.2 Six-Month Interim Measurements in Dogs 5339 

A.4.2.1 Serum gamma-Glutamyl Transferase (GGT) at 6 Months in Female Dogs  5340 

Continuous data for increased serum GGT in female beagle dogs administered p-dichlorobenzene via 5341 

oral capsule for 6 months (5 days/week) were modeled using a BMR of 1 SD consistent with EPA’s 5342 

Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for increased 5343 

serum GGT in female dogs (at 6 months) are summarized in Table_Apx A-16.  5344 

 5345 

Table_Apx A-16. Summary of BMD Modeling Results for Serum GGT at the 6-Month Timepoint 5346 

in Female Dogs Exposed to p-Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 5347 

1996) Using the Nonconstant Variance Model 5348 

Model a 

BMDL 

1 SD 

(mg/kg-day) 

BMD 

1 SD 

(mg/kg-day) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Power 16 21 75.491 0.679 S The constant variance model did not provide an 

adequate fit to the variance data (Test 2 p-value 

< 0.05), but the nonconstant variance model 

provided adequate fit (Test 3 p-value > 0.05). 

With the nonconstant variance model applied, 

the Power, Exponential 3, and Polynomial 3 

models provided adequate fit to the means 

(Test 4 p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC was 

selected. 

Exponential 3 15 21 75.492 0.681 V 

Polynomial 3 12 17 76.034 −0.19 V 

Exponential 5 

Hill 
Zero degrees of freedom; saturated model 

Q 

Polynomial 2 

Linear 

Goodness-of-fit p-value < 0.1 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
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A.4.2.2 Serum ALP at 6 Months in Female Dogs  5349 

Continuous data for increased serum ALP in female beagle dogs administered p-dichlorobenzene via 5350 

oral capsule for 6 months (5 days/week) were modeled using a BMR of 1 SD consistent with EPA’s 5351 

Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling results for increased 5352 

serum ALP in female dogs (at 6 months) are summarized in Table_Apx A-17.  5353 

 5354 

Table_Apx A-17. Summary of BMD Modeling Results for Serum ALP at the 6-Month Timepoint 5355 

in Female Dogs Exposed to p-Dichlorobenzene via Oral Capsule (Monsanto Chemical Company, 5356 

1996) Using the Nonconstant Variance Model 5357 

Model a 

BMDL 

1 SD 

(mg/kg-day) 

BMD 

1 SD 

(mg/kg-day) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Polynomial 3 2.5 4.9 255.567 −0.714 S The constant variance model did not provide 

an adequate fit to the variance data (Test 2 p-

value < 0.05), but the nonconstant variance 

model provided adequate fit (Test 3 p-value 

> 0.05). With the nonconstant variance model 

applied, the Polynomial 3, Polynomial 2, and 

Power models provided adequate fit to the 

means (Test 4 p-value > 0.1).  

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC was 

selected. The Polynomial 3 and Polynomial 2 

models converged and had the lowest AIC. 

Polynomial 2 2.5 4.9 255.567 −0.714 V 

Power 2.6 4.7 257.543 −0.789 V 

Exponential 5 

Hill 
Zero degrees of freedom; saturated model 

Q 

Exponential 3 

Linear 

Goodness-of-fit p-value < 0.1 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 
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 5358 

Figure_Apx A-5. BMD Modeling Graph of the Polynomial 3 Model 5359 

for Serum ALP in Female Dogs (6-Month Timepoint) 5360 

 Bornatowicz et al. (1994) 5361 

A.5.1 Developmental Neurotoxicity Outcomes in Rats  5362 

A.5.1.1 F1 Delayed Eye Opening (First Occurrence)  5363 

Continuous data for delay of the first occurrence of eye opening in F1 generation SD rats administered 5364 

p-dichlorobenzene via gavage in a two-generation reproduction toxicity study were modeled using a 5365 

BMR of 1 SD consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). An 5366 

additional BMR of 0.5 SD was applied to account for the severity of developmental outcomes. The 5367 

BMD modeling results for delay of eye opening in F1 rats are summarized in Table_Apx A-18.  5368 

  5369 

Table_Apx A-18. Summary of BMD Modeling Results for Delayed Eye Opening (First 5370 

Occurrence) in F1 Rats Exposed to p-Dichlorobenzene via Gavage (Bornatowicz et al., 1994) Using 5371 

the Constant Variance Model 5372 

Model a 
BMDL 

(mg/kg-day) 

BMD 

(mg/kg-day) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 1 SD 

The constant variance model provided an 

adequate fit to the variance data (Test 2 p-value 

> 0.05). For both BMRs, all models provided 

adequate fit to the means (Test 4 p-value > 0.1).  

 

For the BMR of 1 SD, the BMDLs of the viable 

models were sufficiently close (differed by <3-

Exponential 3 39.3 57.6 151.919 0.029 S 

Exponential 5 41.6 57.2 153.920 0.030 V 

Hill 22.1 55.4 153.952 0.089 V 

Polynomial 2 38.5 60.9 153.951 0.073 V 

Polynomial 3 38.2 64.3 154.088 0.136 V 

Power 38.6 57.4 151.920 0.035 V 

Linear 38.6 57.4 151.920 0.035 V 
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Model a 
BMDL 

(mg/kg-day) 

BMD 

(mg/kg-day) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 0.5 SD fold); therefore, the model with the lowest AIC 

was selected.  

 

For the BMR of 0.5 SD, the BMDLs of the 

viable models differed by > 3-fold; therefore, 

the model with the lowest BMDL was selected; 

however, this BMDL was not considered for 

POD selection because it is lower than the no-

observed-adverse-effect level (NOAEL) and 

below the lowest dose tested (i.e., the dose 

below the NOAEL). There is also greater than a 

3-fold difference between the BMD and 

BMDL. 

Hill c 6.63 25.6 153.952 −0.430 S 

Exponential 3 19.8 29.1 151.919 −0.289 V 

Exponential 5 20.8 28.6 153.920 −0.306 V 

Polynomial 2 19.3 33.4 153.951 −0.168 V 

Polynomial 3 19.1 39.2 154.088 −0.019 V 

Power 19.3 28.7 151.920 −0.306 V 

Linear 19.3 28.7 151.920 −0.306 V 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model. 

Green shading indicates viable models.  
c BMD/BMDL ratio > 3.0. 

A.5.2 Pup Deaths in Rats 5373 

Data on pup deaths per litter were not reported in this study, precluding the use of nested modeling 5374 

approaches. Instead, the data were transformed using the Rao-Scott transformation. This transformation 5375 

is used to account for intralitter correlation when only summary-level dose-response data are available, 5376 

as described in Section 2.3.2.2.3. 5377 

A.5.2.1 Dead F2 Pups at Birth 5378 

Dichotomous data for increased incidence of dead F2 pups at birth in SD rats administered p-5379 

dichlorobenzene via gavage in a two-generation reproduction toxicity study were modeled using BMRs 5380 

of 5% and 10% ER consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). 5381 

The BMD modeling results for increased incidence of dead F2 pups at birth are summarized in 5382 

Table_Apx A-19. 5383 

 5384 

Table_Apx A-19. Summary of BMD Modeling Results for Dead F2 Pups at Birth in Rats Exposed 5385 

to p-Dichlorobenzene via Gavage (Bornatowicz et al., 1994) 5386 

Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER 

The Probit, Multistage 1, Logistic, and 

Quantal Linear models provided adequate 

fit to the data (p-value > 0.1). 

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); 

therefore, the model with the lowest AIC 

was selected.  

Probit 34.5 45.3 201.40 −0.184 S 

Multistage 1 23.6 38.3 201.59 0.585 V 

Logistic 37.0 47.3 201.52 −0.177 V 

Quantal Linear 23.6 38.3 201.59 0.585 V 

Gamma  

Log Logistic 

Multistage 2 

Multistage 3  

Weibull  

Log Probit  

Goodness-of-fit p-value < 0.1 

Q 

Hill Zero degrees of freedom; saturated model 

BMR: 10% ER 
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Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Probitc 52.2 68.9 201.40 −0.184 S 

Multistage 1 c 48.4 78.6 201.59 0.181 V 

Logistic c 54.0 69.0 201.52 −0.177 V 

Quantal Linear c 48.4 78.6 201.59 0.181 V 

Gamma  

Log Logistic 

Multistage 2 

Multistage 3  

Weibull  

Log Probit  

Goodness-of-fit p-value < 0.1 Q 

Hill Model did not successfully execute U 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model; U = unusable model. Green shading indicates viable models. Gray shading indicates questionable 

and unusable models. 
c BMD/highest dose ratio > 1.0. 

A.5.2.2 Dead F1 Pups at Day 4 5387 

Dichotomous data for increased incidence of dead F1 pups at day 4 in SD rats administered p-5388 

dichlorobenzene via gavage in a two-generation reproduction toxicity study were modeled using BMRs 5389 

of 5% and 10% ER consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). 5390 

The BMD modeling results for increased incidence of dead F1 pups at day 4 are summarized in 5391 

Table_Apx A-20.  5392 

 5393 

Table_Apx A-20. Summary of BMD Modeling Results for Dead F1 Pups at Day 4 in Rats Exposed 5394 

to p-Dichlorobenzene via Gavage (Bornatowicz et al., 1994) 5395 

Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER 

The Weibull, Gamma, Log Logistic, Multistage 2, 

Multistage 3, Logistic, Log Probit, and Probit 

models provided adequate fit to the data (p-value 

> 0.1). 

 

The BMDLs of the viable models were 

sufficiently close (differed by <3-fold); therefore, 

the model with the lowest AIC was selected.  

Weibull 23.9 36.6 159.74 −0.018 S 

Gamma 23.9 35.0 161.74 −0.009 V 

Log Logistic 23.9 35.9 161.74 −0.015 V 

Multistage 2 20.7 26.8 161.65 −1.147 V 

Multistage 3 23.8 34.7 159.78 −0.196 V 

Logistic 26.4 31.4 160.37 −0.669 V 

Log Probit 24.0 33.6 161.75 −0.002 V 

Probit 23.6 28.3 161.06 −0.914 V 

Multistage 1,  

Quantal Linear  

Goodness-of-fit p-value < 0.1 

Q 

Hill Zero degrees of freedom; saturated model 

BMR: 10% ER 

Weibull 34.3 45.6 159.74 0.002 S 

Gamma 33.6 43.5 161.74 −0.009 V 

Log Logistic 33.7 44.6 161.74 0.002 V 

Multistage 2 31.5 38.4 161.65 −1.147 V 
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Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Multistage 3 34.3 44.1 159.78 −0.196 V 

Logistic 37.5 43.2 160.37 −0.669 V 

Log Probit 32.5 41.7 161.75 −0.002 V 

Probit 34.5 40.4 161.06 −0.914 V 

Multistage 1, 

Quantal Linear 

Goodness-of-fit p-value < 0.1 

Q 

Hill Zero degrees of freedom; saturated model 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

A.5.2.3 Dead F2 Pups at Day 4 5396 

Dichotomous data for increased incidence of dead F2 pups at day 4 in SD rats administered p-5397 

dichlorobenzene via gavage in a two-generation reproduction toxicity study were modeled using BMRs 5398 

of 5% and 10% ER consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). 5399 

The BMD modeling results for increased incidence of dead F2 pups at day 4 are summarized in 5400 

Table_Apx A-21.  5401 

 5402 

Table_Apx A-21. Summary of BMD Modeling Results for Dead F2 Pups at Day 4 in Rats Exposed 5403 

to p-Dichlorobenzene via Gavage (Bornatowicz et al., 1994) 5404 

Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

BMR: 5% ER 

All models provided adequate fit to the data (p-value 

> 0.1) except for the Hill model. 

 

The BMDLs of the viable models were sufficiently 

close (differed by <3-fold); therefore, the model with 

the lowest AIC was selected.  

 

The Multistage 1 and Quantal Linear model 

converged and these had the lowest AIC. 

Multistage 1 17.6 26.2 180.77 0.285 S 

Quantal Linear 17.6 26.2 180.77 0.285 V 

Gamma 18.1 28.3 182.36 0.542 V 

Log Logistic 17.7 28.0 182.34 0.520 V 

Multistage 2 17.8 28.8 182.58 0.550 V 

Multistage 3 17.8 28.8 182.58 0.550 V 

Weibull 18.1 28.4 182.39 0.543 V 

Logistic 33.9 41.3 182.39 1.485 V 

Log Probit 16.9 26.7 182.08 0.394 V 

Probit 31.0 38.6 181.91 1.340 V 

Hill Zero degrees of freedom; saturated model Q 

BMR: 10% ER 

Multistage 1 36.1 53.8 180.77 0.181 S 

Quantal Linear 36.1 53.8 180.77 0.181 V 

Gamma 36.1 50.9 182.36 −0.186 V 

Log Logistic 35.7 50.7 182.34 −0.178 V 

Multistage 2 36.6 52.5 182.58 −0.111 V 

Multistage 3 36.6 52.5 182.58 −0.111 V 

Weibull 36.3 51.1 182.39 −0.175 V 

Logistic 48.5 58.4 182.39 −0.286 V 

Log Probit 33.9 49.2 182.08 −0.169 V 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433
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Model a 

BMDL 

ER 

(mg/m3) 

BMD ER 

(mg/m3) 
AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Probit 45.8 56.6 181.91 −0.326 V 

Hill Zero degrees of freedom; saturated model Q 

a Data are shown only for models that were considered viable. 
b Model fit: S = selected viable model (bold indicates the model being considered for POD derivation); V = viable model; Q 

= questionable model. Green shading indicates viable models. Gray shading indicates questionable models. 

 5405 

 5406 

 5407 

Figure_Apx A-6. BMD Modeling Graph of the Multistage 1 Model 5408 

for Dead F2 Pups at Day 4 in Rats 5409 

 Bushy Run (1992) 5410 

A.6.1 Maternal Body Weight Gain in Rats During Gestation Day (GD) 0 to 21  5411 

Continuous data for decreased maternal body weight gain during GD 0 to21 in CD rats exposed to p-5412 

dichlorobenzene via inhalation on GD 6 to 15 (6 hours/day) were modeled using a BMR of 1 SD 5413 

consistent with EPA’s Benchmark Dose Technical Guidance (U.S. EPA, 2012b). The BMD modeling 5414 

results for decreased maternal body weight gain in rats during GD 0 to 21 are summarized in Table_Apx 5415 

A-22.  5416 

  5417 
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Table_Apx A-22. Summary of BMD Modeling Results for Maternal Body Weight Gain During 5418 

GD 0–21 in Rats Exposed to p-Dichlorobenzene via Inhalation (Bushy Run, 1992) 5419 

Model a 

BMDL 

1 SD 

(mg/kg) 

BMD 

1 SD 

(mg/kg) 

AIC 

Scaled 

Residual 

Near BMD 

Fit b Model Selection Notes 

Exponential 3 

Exponential 5 

Hill 

Polynomial 2 

Polynomial 3 

Power  

Linear 

The constant and nonconstant variance 

tests failed (Test 2 p-value < 0.05 and 

Test 3 p-value < 0.05, respectively). 

Q/U Neither the constant nor nonconstant variance models 

provided an adequate fit to the variance data (Test 2 

and Test 3 p-values < 0.05).  

 

Because the change in weight was significantly 

different in the second-to-highest dose, the dataset was 

rerun without the highest dose. With the highest dose 

dropped, neither variance model fit the dataset. In 

addition, there were no adequately fitting models using 

the lognormal distribution option. Therefore, this 

dataset is considered unsuitable for BMD modeling. 

a Data are shown only for models that were considered viable. 
b Model fit: Q/U = questionable or unusable model. Gray shading indicates questionable and unusable models. 

5420 
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Appendix B OTHER HUMAN HEALTH HAZARD OUTCOMES 5421 

This appendix discusses organ systems that have weaker evidence integration conclusions, insufficient 5422 

information, and /or reported effects at exposures similar to or higher than the critical human health 5423 

hazard outcomes identified in Section 2.3.1, (e.g., liver toxicity, respiratory toxicity, reproductive/ 5424 

developmental toxicity, neurotoxicity, and kidney toxicity). Taken together, none of the following 5425 

outcomes were considered for dose-response and POD derivation. See the full data extraction for all 5426 

relevant studies in Draft Data Extraction Information for Environmental Hazard and Human Health 5427 

Hazard Animal Toxicology and Epidemiology for p-Dichlorobenzene (U.S. EPA, 2026e). 5428 

 5429 

As described in Section 2.1.1, EPA reviewed prior assessments from ATSDR and EPA in 2006 5430 

(ATSDR, 2006; U.S. EPA, 2006b) and used the database summaries from those assessments to help 5431 

focus this analysis. The 2006 EPA assessment was a draft that was never finalized. As such, this Other 5432 

Human Health Hazard Outcomes narrative summarizes information from the ATSDR report unless 5433 

otherwise stated. While more recent information was identified for these other outcomes (Figure_Apx 5434 

L-1), EPA determined given the robust database for p-dichlorobenzene that further analysis was not 5435 

needed for these outcomes (with the exception of endocrine organ toxicity, which was used to inform 5436 

reproductive/developmental toxicity). 5437 

 Endocrine Organ Toxicity  5438 

Human Evidence 5439 

Croes (2015) conducted biomarker monitoring surveys for teens (14–15 years old) in Belgium and found 5440 

that the urinary metabolite 2,5-dichlorophenol was statistically significantly associated with a very slight 5441 

increase in thyroid stimulating hormone (TSH) and decrease in free thyroxine (T4). In a similar U.S. 5442 

study, urinary 2,5-dichlorophenol in 12 to 19-year-olds was positively associated with TSH, 5443 

thyroglobulin, and hypothyroidism. These effects were not fully dose responsive however as the highest 5444 

quartile (Q4) of exposure presented a more diminished response than Q2 and Q3 for TSH and 5445 

hypothyroidism (Wei and Zhu, 2016). 5446 

 5447 

Laboratory Animal Evidence 5448 

There were no effects observed to adrenal, thyroid, or pituitary glands of male or female rats following 5449 

up to 500 ppm of p-dichlorobenzene inhaled for 76 weeks (ICI Ltd, 1980).  5450 

 5451 

Mechanistic and Supporting Evidence 5452 

Effects on the male reproductive system observed following exposure to high injected doses were not 5453 

associated with androgen receptor binding (Takahashi et al., 2011). Inconsistent and dose-dependent 5454 

effects of intraperitoneal p-dichlorobenzene on the female reproductive system were associated with 5455 

varying hormonal responses in female mice, though intermediate doses generally interrupted estrogenic 5456 

activity (indicated by uterotrophy and uterine peroxidase activity). The directionality of response also 5457 

varied across strains with differing alleles for aryl hydrocarbon receptor (AhR) activity (anti-5458 

uterotrophic with more active AhR), indicating that the anti-uterotrophic activity of p-dichlorobenzene 5459 

may be dependent on AhR signaling (Takahashi et al., 2007). Consistent with these studies in rodents, p-5460 

dichlorobenzene was found to demonstrate weak estrogenic activity in yeast and zebrafish (Versonnen et 5461 

al., 2003) 5462 

 5463 

Evidence Integration Summary 5464 

There is no evidence of gross toxicity to endocrine organs, with slight evidence of hormone changes in 5465 

humans and animals but without a clear mode of action. Estrogen and thyroid signaling interact to 5466 

maintain hormonal homeostasis (Ren and Zhu, 2022). The human data on thyroid outcomes suggest that 5467 
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increasing p-dichlorobenzene exposure may inhibit thyroid function, however there was inconsistent 5468 

dose-response that confounds interpretation of the thyroid outcomes (Wei and Zhu, 2016). Similarly, 5469 

rodent studies on subcutaneously injected p-dichlorobenzene observed inconsistent results on female 5470 

organ weights at low doses but consistently reduced weights at high doses, while the impact on uterine 5471 

peroxidase activity varied across strain and dose (Takahashi et al., 2007). It is therefore difficult to 5472 

determine a consistent dose-response relationship for either of these hormone signaling systems. 5473 

 Hematologic and Immune System Toxicity 5474 

Human Evidence  5475 

As summarized in (ATSDR, 2006), there are three case reports of hematological effects in humans after 5476 

inhalation exposure to p-dichlorobenzene either residentially or occupationally, with two men reporting 5477 

anemia and one woman reporting enlarged spleen. An older industrial hygiene survey reported no 5478 

adverse hematological effects attributable to p-dichlorobenzene exposure at air concentrations from 10 5479 

to 550 ppm (Hollingsworth et al., 1956). 5480 

 5481 

Laboratory Animal Evidence 5482 

Blood effects were not reported in rats or rabbits exposed for 5 to 7 months but decreased relative spleen 5483 

weight was seen in guinea pigs exposed for 16 days (Hollingsworth et al., 1956). Indications of 5484 

microcytic anemia were observed in male rats (but not mice or female rats) exposed to 120 ppm or 5485 

above for 13 weeks (Aiso et al., 2005a) in the absence of histopathological changes and the authors 5486 

believed that these effects were likely downstream of α2μ-globulin toxicity in the kidney. Changes in 5487 

blood chemistry and other blood parameters were observed in rats exposed for up to 500 ppm for 76 5488 

weeks but without any consistent trend (ICI Ltd, 1980). Guinea pigs did not demonstrate a difference in 5489 

antibody titers following 12 weeks of p-dichlorobenzene exposure (Suzuki et al., 1991). Some changes 5490 

in various hematological parameters occurred at 300 ppm in the chronic (Aiso et al., 2005b; JBRC, 5491 

1995) study but without sufficient statistical analysis. 5492 

 5493 

In a 4-week immunotoxicity study on mice discussed in the Office of Pesticide Programs risk 5494 

assessment, there was no indication of immune effects at the maximum dose of 1,000 mg/kg-day 5495 

(Huntingdon Life Sciences, 2012). 5496 

 5497 

Mechanistic and Supporting Evidence 5498 

Erythropoietin promotes the production of red blood cells and is synthesized in renal tubules (Thomas et 5499 

al., 2005), which could be affected by male rat-specific α2μ-globulin kidney toxicity. 5500 

 5501 

Evidence Integration Summary 5502 

There is only slight evidence for blood or immune system toxicity, with limited observations only from 5503 

individual case studies or at elevated doses in animals and potentially associated with α2μ-globulin 5504 

kidney toxicity that is not relevant to humans. Any effect is not very sensitive and would be protected 5505 

against by the proposed PODs. 5506 

 Ocular Toxicity 5507 

Human Evidence  5508 

Painful eye irritation was reported in an industrial hygiene survey on 58 male workers exposed from 80 5509 

to 160 ppm. Histopathological changes to the eye were not observed (Hollingsworth et al., 1956). 5510 

 5511 

Laboratory Animal Evidence 5512 

Changes to the back of the eye and associated irritation were seen in two rabbits exposed to 798 ppm for 5513 
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12 weeks (Hollingsworth et al., 1956). Irritation was also reported in rats and guinea pigs but without 5514 

any histopathological changes. Encrustation of the periocular region and lacrimation were observed in 5515 

rats during a two-generation inhalation study at 211 ppm and above (Chemical Manufacturers 5516 

Association, 1989). 5517 

 5518 

Mechanistic and Supporting Evidence 5519 

p-dichlorobenzene is not considered acidic or basic, so the mechanism for eye irritation is unknown. The 5520 

above studies are based on vapor exposure, however exposure to p-dichlorobenzene powder would 5521 

likely cause mechanical irritation. 5522 

 5523 

Evidence Integration Summary 5524 

There is slight evidence for eye irritation and indeterminate evidence for any other ocular toxicity from 5525 

exposure to p-dichlorobenzene vapor in air. This is likely not a sensitive effect and would be protected 5526 

against by the proposed inhalation PODs. 5527 

 Cardiovascular Toxicity  5528 

Human Evidence  5529 

EPA did not identify any reasonably available information assessing cardiovascular effects of p-5530 

dichlorobenzene exposure. 5531 

 5532 

Laboratory Animal Evidence 5533 

Changes in heart weight was not seen in rats or guinea pigs exposed to 12 exposures of 173 ppm or 130 5534 

exposures of 96 ppm p-dichlorobenzene (Hollingsworth et al., 1956). Heart changes also were not seen 5535 

in pregnant rats exposed from GD 6 to 15 (Hodge et al., 1977). 5536 

 5537 

Mechanistic and Supporting Evidence 5538 

EPA did not identify any relevant information assessing cardiovascular effects of p-dichlorobenzene 5539 

exposure. 5540 

 5541 

Evidence Integration Summary 5542 

There is indeterminate evidence to evaluate cardiovascular toxicity from p-dichlorobenzene exposure. 5543 

 Gastrointestinal Toxicity  5544 

Human Evidence  5545 

There are two case reports of gastrointestinal (GI) effects following residential or occupational exposure 5546 

to p-dichlorobenzene. One case of residential exposure believed to be associated with p-dichlorobenzene 5547 

vapors for 3 to 4 months resulted in diarrhea, while a case of occupational exposure to vapors resulted in 5548 

vomiting and GI hemorrhage associated with liver cirrhosis. p-dichlorobenzene cannot be quantified 5549 

from these incidents and there may be other confounders explaining these strong responses. 5550 

 5551 

Laboratory Animal Evidence 5552 

There is limited information on GI effects in animals, however one chronic study exposed rats to 500 5553 

ppm of p-dichlorobenzene for 76 weeks and did not report any effects on the caecum, colon, duodenum, 5554 

jejunum, esophagus, pancreas, or stomach (ICI Ltd, 1980). 5555 

 5556 

Mechanistic and Supporting Evidence 5557 

EPA did not identify any relevant information assessing GI effects of p-dichlorobenzene exposure. 5558 

 5559 
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Evidence Integration Summary 5560 

There is indeterminate evidence to evaluate GI toxicity from p-dichlorobenzene exposure, as two case 5561 

reports carry low weight and there is an absence of any animal or other evidence.  5562 
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Appendix C HUMAN HEALTH HAZARD CONFIDENCE 5563 

SUMMARY 5564 

Table_Apx C-1 summarizes the confidence ratings for each factor for the critical human health hazard 5565 

endpoints and associated hazard values considered for acute, intermediate, and chronic non-cancer 5566 

scenarios, and cancer lifetime exposure scenarios. The bolded rows in the table are the most robust and 5567 

sensitive health effect for each exposure scenario and will be used to calculate risks for p-5568 

dichlorobenzene. “Slight” is indicated by a single +, “moderate” by ++, and “robust” by +++. Overall 5569 

hazard confidence score was based on the summation of scores from all categories; a score of less than 8 5570 

is slight, 8–9 is slight to moderate, 10–11 is moderate, 12–13 is moderate-to-robust, and 14–15 is robust. 5571 

For cancer, scores were not given and the score represents overall confidence in the cancer 5572 

classification. 5573 

 5574 

Table_Apx C-1. Confidence Summary for Human Health Hazard Assessment 5575 

Hazard 

Domain 

Evidence 

Integration 

Conclusion 

Selection of Most 

Critical Endpoint 

and Study 

Relevance to 

Exposure 

Scenarios 

Dose-Response 

Considerations 

PESS 

Sensitivity 

Overall 

Hazard 

Confidence 

Acute non-cancer 

Reproductive/ 

Developmental 

+ + + + + + + + + + + Moderate 

Neurological + + + + + + + + + + + + + Moderate-to- 

Robust 

Intermediate non-cancer oral/Inhalation a 

Liver + + + + + + + + + + + + + + Robust 

Reproductive/ 

Developmental 

+ + + + + + + + + + + Moderate 

Chronic non-cancer oral/Inhalation 

Respiratory + + + + + + + + + + + + + Moderate-to-

Robust 

Liver + + + + + + + + + + + + + + Robust 

Reproductive/ 

Developmental 

+ + + + + + + + + + + + Moderate  

Lifetime cancer 

Cancer Not Likely to be Carcinogenic to Humans Moderate-to-

Robust 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting 

WOSE outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on 

the hazard estimate. 

+ +     Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting 

scientific evidence weighed against the uncertainties is reasonably adequate to characterize hazard estimates. 

+        Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the 

scenario, and when the assessor is making the best scientific assessment possible in the absence of complete information. 

There are additional uncertainties that may need to be considered. 

Bolded rows indicate the endpoints used for risk estimation. 
a For the inhalation route, there is moderate confidence that the range of PODs across all relevant studies represent 

reasonable bounds for risk estimation, however there is only slight confidence in any particular value. 

  5576 
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Appendix D GENE EXPRESSION BIOMARKER ANALYSIS OF 5577 

EXISTING RODENT LIVER STUDIES WITH p-5578 

DICHLOROBENZENE 5579 

There is recognition across broad sectors of the scientific community that well-characterized, predictive 5580 

genomic biomarkers have the potential to contribute to MOA prediction as part of a weight of evidence 5581 

analysis in rodent studies (Corton et al., 2022). Evidence suggests that application of such biomarker 5582 

panels in short-term rodent exposure studies can identify both tumorigenic hazard as well as dose levels 5583 

that would result in induction of liver tumors in chronic studies. Mouse liver biomarkers have been 5584 

characterized to predict MIEs associated with mouse liver tumor induction. These efforts capitalized on 5585 

available microarray data from chemically treated wild-type and transcription factor-null mice allowing 5586 

for the identification of well-defined mechanistic gene sets. The gene expression biomarkers include 5587 

those that predict activation of the receptors AhR (Oshida et al., 2015b), CAR (Oshida et al., 2015a), 5588 

and peroxisome proliferator-activated receptor alpha (PPARα) (Oshida et al., 2015c). In addition, 5589 

biomarkers have been characterized which predict increases in oxidative stress by examining Nrf2 5590 

activation (Rooney et al., 2019; Rooney et al., 2018b) and which predict increases in cell proliferation 5591 

(Corton et al., 2024). Most of these biomarkers have predictive accuracies exceeding 91%. The cell 5592 

proliferation biomarker can be used to predict hepatocyte proliferation in the mouse and rat, but the 5593 

predictive accuracy has not been determined (Corton et al., 2024). These biomarkers have been applied 5594 

to sets of chemicals to identify the most likely AOP responsible for mouse liver tumors (Peffer et al., 5595 

2018; Rooney et al., 2017) or to understand the relationships between exposure and hazard (Rosen et al., 5596 

2017).  5597 

  5598 

A number of studies have described biomarkers that predict liver cancer MIEs and tumorigenic doses in 5599 

the rat liver. In 2 studies, a set of 6 transcriptomic biomarkers were characterized that predict the major 5600 

MIEs in AOPs by which chemicals cause liver tumors in rats (Corton et al., 2020; Rooney et al., 2018a). 5601 

These biomarkers predict genotoxicity, cytotoxicity, and activation of AhR, CAR, ER, and PPARα. 5602 

Each of the biomarkers was built using a set of gene expression profiles from the livers of rats treated 5603 

with known inducers of the respective receptor, DNA damage, or cytotoxicity. The biomarkers predict 5604 

the MIE of a test set of chemicals with excellent accuracies (91–97%) across a wide range of doses and 5605 

times of exposure. The activation levels of the MIEs can be used to predict potential tumorigenesis in rat 5606 

livers even after short-term exposures (Ledbetter et al., 2024; Hill et al., 2020; Lewis et al., 2020; Qin et 5607 

al., 2019). These studies required careful annotation of the known liver tumorigenic outcomes of each 5608 

chemical-dose combination derived from two-year bioassay data archived in a number of databases such 5609 

as the Lhasa database (https://carcdb.lhasalimited.org/, last accessed July 10, 2025; based on the 5610 

Carcinogenicity Potency Database). The activation levels of 6 MIEs associated with liver tumor 5611 

induction had a predictive accuracy of 91 to 97% depending on the activation levels used (Hill et al., 5612 

2020), with low false negative rates, a highly desirable characteristic for regulatory determination of 5613 

hazard. In follow-up studies (Lewis et al., 2020), an analysis of approximately 50 chemicals profiled in 5614 

rat liver from an independent dataset yielded approximately 90% predictive accuracy. 5615 

  5616 

The genes altered by chemical exposure are compared to each biomarker in a pair-wise fashion using the 5617 

Running Fisher test resulting in a correlation p-value that can be used to determine activation 5618 

(Kupershmidt et al., 2010). A -Log( p-value) greater than or equal to four is considered a significant 5619 

activation/increase (see individual studies for details on how accuracy was determined).  5620 

 Studies in Mice 5621 

A review of the literature, Gene Expression Omnibus (GEO), and studies archived in BaseSpace 5622 

Correlation Engine identified three studies in which the livers of mice treated with p-dichlorobenzene 5623 
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were examined for global gene expression changes by transcript profiling. Each of the studies were 5624 

assessed for MIE activation using gene expression biomarkers. The biomarkers used included those 5625 

derived in mouse livers (AhR, CAR, PPARa), in rat livers (cytotoxicity, genotoxicity), and human 5626 

tissues but validated in rodent liver (cell proliferation). Each of the gene expression comparisons (i.e., p-5627 

dichlorobenzene treatment vs. control) were compared to each of the biomarkers using the Running 5628 

Fisher test.  5629 

  5630 

In the first study (Henderson et al., 2015a), published only as Gene Expression Omnibus results 5631 

GSE68365), p-dichlorobenzene (600 mg/kg) was administered to C57BL/6J mice (sex not specified) 5632 

each day for 3d. Three mouse strains were used to examine the role of CAR and PXR in mediating the 5633 

effects of p-dichlorobenzene: wild-type mice, CAR/PXR-null mice, and humanized CAR/PXR mice 5634 

(hCAR/hPXR) in which the human CAR and PXR genes were expressed in the CAR/PXR-null mice. 5635 

Full genome gene expression profiling was carried out on the livers using Affymetrix mouse 430 2.0 5636 

arrays. To confirm the genotypes of the mouse strains used, transcript differences were examined 5637 

between control CAR/PXR-null mice and control wild-type mice. The expression of both CAR (Nr1i3; -5638 

10.4-fold) and PXR (Nr1i2; −8.1-fold, −6.57-fold) biomarkers were decreased in expression in the 5639 

nullizygous mice compared to the wild-type mice. A parallel analysis of the expression of the human 5640 

CAR/PXR in a comparison between control hCAR/hPXR mice vs. control CAR/PXR-null mice could 5641 

not be carried out due to the specificity of the arrays used in the analysis (mouse vs. human).  5642 

  5643 

CAR was activated by p-dichlorobenzene in wild-type mice but not in CAR/PXR-null mice 5644 

(Figure_Apx D-1). Treatment of hCAR/hPXR mice resulted in CAR activation similar to that in treated 5645 

wild-type mice. Exposure to p-dichlorobenzene also increased Nrf2 activation in treated wild-type mice. 5646 

Activation of Nrf2 is often seen when CAR is activated, presumably due to increases in oxidative stress 5647 

from increases in the activity of Cyp family members regulated by CAR (Rooney et al., 2019). Nrf2 5648 

activation was also observed in the CAR/PXR-null and hCAR/hPXR mice. There was no evidence of 5649 

AhR or PPARα activation in any of the mouse strains. Additionally, there were no increases in cell 5650 

proliferation, cytotoxicity or genotoxicity. Thus, the modulation of genes regulated by CAR after p-5651 

dichlorobenzene exposure in wild-type mice but not in the CAR/PXR-null mice supports the role of 5652 

CAR in mediating the tumorigenic effects of p-dichlorobenzene. 5653 

 5654 

 5655 

Figure_Apx D-1. Biomarker Analysis of GSE68365  5656 

  5657 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13011851
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In the second study ((Eichner et al., 2013), GSE44783), p-dichlorobenzene (600 mg/kg) was 5658 

administrated to male and female mice CD-1 mice by oral gavage each day for 3 or 14 days and 5659 

sacrificed the next day. Full genome gene expression profiling was carried out on a mixture of the 5660 

median and left lateral liver lobes using Affymetrix mouse 430 2.0 arrays. At both 4 and 15 d, CAR was 5661 

activated as assessed using the CAR biomarker that was significant (-Log( p-value) ≥ 4) in both the 5662 

males and females at 4 d and in the females at 15d (Figure_Apx D-2). CAR activation approached 5663 

significance in the males at 15 d (-Log( p-value) = 3.15). Nrf2 was activated and cell proliferation 5664 

increased in both sexes at both timepoints. There were no changes in AhR, PPARα, cytotoxicity, or 5665 

genotoxicity.  5666 

  5667 

 5668 

Figure_Apx D-2. Biomarker Analysis of GSE44783 5669 

  5670 

In the third study ((Thomas et al., 2011); GSE18858), five-week-old female B6C3F1 mice were exposed 5671 

for 13 weeks to 5 dose levels of p-dichlorobenzene (100, 300, 400, 500, 600 mg/kg). Full genome gene 5672 

expression profiling was carried out on a mixture of the right, caudate and median liver lobes using 5673 

Affymetrix mouse 430 2.0 arrays. CAR was activated at 300 mg/kg and above with the level of 5674 

significance of the correlation generally increasing with dose (Figure_Apx D-3). In parallel, there were 5675 

increases in Nrf2 activation. There was no evidence of changes in cell proliferation, cytotoxicity, 5676 

genotoxicity, AhR, or PPARα.  5677 

  5678 

In summary, the biomarker analysis showed that in the livers of mice treated with p-dichlorobenzene, 5679 

there is increased activation of CAR, NRF2 and increases in cell proliferation but no changes in AhR, 5680 

PPARα, genotoxicity or cytotoxicity.  5681 

 5682 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012260
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PUBLIC RELEASE DRAFT 

April 2026 

Page 169 of 194 

 5683 

Figure_Apx D-3. Biomarker Analysis of GSE18858  5684 

 Studies in Rats 5685 

A review of the literature, Gene Expression Omnibus (GEO), and studies archived in BaseSpace 5686 

Correlation Engine identified one rat study (covered in multiple publications (Consortium, 2010; 5687 

Popovici et al., 2010; Shi, 2010); GSE24363) in which animals were treated with p-dichlorobenzene (15, 5688 

150, 1500 mg/kg) for 0.25, 1 or 2d. Full genome gene expression profiling was carried out on the livers 5689 

using Affymetrix rat 230 2.0 arrays. Each of the treatment conditions were assessed for MIE activation 5690 

using 6 rat gene expression biomarkers described above. 5691 

  5692 

 p-Dichlorobenzene induced CAR at the highest dose at 1 and 2d and at the 150 mg/kg dose at 1d only 5693 

(Figure_Apx D-4). p-dichlorobenzene induced AhR at the highest dose at 1 and 2d but not the other 5694 

treatments. ER was activated at only the highest dose at 1d. PPARα was activated only at the highest 5695 

dose at 2d. There were no increases in cytotoxicity or genotoxicity under any exposure condition. Cell 5696 

proliferation was activated only at the 1500 mg/kg dose at 2d. In summary, under conditions examined 5697 

in the two-year bioassay (600 mg or less), there was only evidence of weak and inconsistent activation 5698 

of CAR but not other MIEs. Only at the 1500 mg/kg dose, above the highest dose tested was there 5699 

evidence of consistent activation of AhR and CAR but not other MIEs. These results, though limited, are 5700 

consistent with the lack of liver tumor induction in rats. 5701 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012883
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13012261
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 5702 

 5703 

Figure_Apx D-4. Biomarker Analysis of p-Dichlorobenzene from GSE243635704 
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5705 

Appendix E RAT AND MOUSE COMPARISON FOR CAR MOA 5706 

Additional support for the mouse CAR MOA comes from an analysis of effects in mice compared to 5707 

rats. Species concordance (or lack thereof) is not a Bradford-Hill criterion but is critical for evaluating 5708 

the human relevance of the proposed MOA, and whether it aligns with the observed differential tumor 5709 

responses. 5710 

 5711 

There is evidence from transcript profiling studies that CAR is activated to greater levels in mice 5712 

compared to rats (0). The EPA/NIEHS five-day inhalation study in B6D2F1/Crl mice and Sprague 5713 

Dawley rats (NIEHS, 2025b) demonstrated marked induction of canonical CAR biomarker genes. Based 5714 

on a selected set of CAR-responsive genes, mice demonstrated greater CAR activation compared to rats 5715 

above 50 ppm (Section 2.4.3.3.2). This difference increases with dose, ranging from approximately 4- to 5716 

32-fold for the four genes examined at 400 ppm, a similar dose to that where mouse-specific liver 5717 

tumors are observed (Aiso et al., 2005b; JBRC, 1995).  5718 

 5719 

Mouse CAR was induced at a lower dose compared to rat CAR. Mouse hepatic Cyp2b10 was induced at 5720 

lower concentrations (BMDL = 37.4 ppm) while the rat orthologues Cyp2b1 and Cyp2b2 required 5721 

higher exposure levels (BMDL = 110.2 and 131.7 ppm, respectively) to achieve significant activation. In 5722 

a study in which rats were exposed to 15, 150, or 1,500 mg/kg of p-dichlorobenzene for 0.5, 1, or 2 5723 

days, CAR was weakly or inconsistently activated, achieving significance at only one time point at the 5724 

150 mg/kg dose and two of the three time points at the 1,500 mg/kg dose (Shi, 2010). This contrasts 5725 

with consistent activation at doses of 300 mg/kg and higher in the mouse liver [(Henderson et al., 2015a; 5726 

Eichner et al., 2013a; Eichner et al., 2013b; Thomas, 2009); Appendix D]. This analysis of comparative 5727 

transcript profiling experiments show that p-dichlorobenzene exhibits pronounced species differences in 5728 

CAR response. This suggests that liver cancer induction likely requires a tumorigenic threshold of CAR 5729 

signaling that is not surpassed in rats.  5730 

 5731 

Additional cross-species studies support higher CAR activation in mice compared to rats. In subchronic 5732 

gavage studies, male F344 rats given 25 to 300 mg/kg-day p-dichlorobenzene and male B6C3F1 mice 5733 

administered 300 or 600 mg/kg-day (5 days/week for 1,4 or 13 weeks) exhibited dose-related increases 5734 

in hepatic Cyp2b enzyme induction, which was approximately 2-fold greater in mice than in rats (Lake 5735 

et al., 1997). Similarly, Hissink et al. (1997b) demonstrated that repeated oral administration of p-5736 

dichlorobenzene (25–300 mg/kg-day for 1–13 weeks) induced CYP2B activity in Wistar rats, with 5737 

B6C3F1 mice exhibiting greater induction under the same regimen.  5738 

 5739 

While there is some evidence that rats respond to exposure with a transient increase in hepatocyte 5740 

proliferation, there is no evidence that rats maintain chronic proliferation. A study by Eldridge et al. 5741 

(1992) showed that a single dose of 300 mg/kg p-dichlorobenzene induced a marked increase in the 5742 

hepatocyte BrdU labeling index (LI) within 24 hours in B6C3F1 mice and F344 rats. The 24-hour 5743 

response was greater in rats but quickly decreased, while labeling in male mice peaked at 48 hours 5744 

(female mice showed a more mild and less sustained response). Similar responses were seen in Lake et 5745 

al. (1997). In that study, hepatocyte proliferation was sustained up to 4 weeks in B6C3F1 mice while 5746 

increased proliferation in F344 rats was only seen at 1 week; the total labeling was greater in rats but 5747 

also higher in controls, so comparing the relative induction of proliferation is difficult. Several studies 5748 

by Umemura et al. (Umemura et al., 1998; Umemura et al., 1996; 1992) found that p-dichlorobenzene 5749 

significantly increased hepatocyte proliferation in both mice and rats, also with a more sustained 5750 

response in mice and a more transient response in rats. More specifically, in a short-term gavage study, 5751 

hepatocyte proliferation (measured by BrdU labeling index) was significantly increased in a dose 5752 

dependent manner in F344 rats (150–300 mg/kg) and B6C3F1 mice (300–600 mg/kg), with the strongest 5753 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049127
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4912180
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elevations observed at higher doses (Umemura et al., 1992). Hepatocyte proliferation increased 5754 

approximately two to three-fold in rats and four to tenfold in mice. In a four-week study, proliferative 5755 

activity remained elevated in mice at 600 mg/kg, whereas in rats at 150 to 300 mg/kg it was transient 5756 

and returned to baseline by week 4 (Umemura et al., 1998), corroborating the results of (Lake et al., 5757 

1997). Lastly, a study by James et al. found that 1 to 2 days of p-dichlorobenzene exposure increased 5758 

DNA synthesis by a greater magnitude in rats (2.3-fold) than mice (1.6-fold) while reducing the level of 5759 

apoptosis both in vitro and in vivo similarly in both species (James et al., 1998). Overall, these studies 5760 

demonstrate that while rat liver tissue proliferates similarly or even more potently than mice 5761 

immediately after p-dichlorobenzene exposure (magnitudes are difficult to compare given different 5762 

exposure levels between species in several studies), elevated CAR signaling in mice sustains hepatocyte 5763 

proliferation longer in mice, potentially reaching the proliferative threshold necessary for cell 5764 

transformation into neoplastic foci.  5765 

 5766 

In contrast to mice, rats do not exhibit increases in preneoplastic foci or tumors upon exposure to p-5767 

dichlorobenzene. Medium-term assays in rats showed no increase in GST-P-positive foci, which is 5768 

consistent with the absence of liver tumor development in rats (Gustafson et al., 1998). Chronic studies 5769 

consistently demonstrated dose dependent increases in these hepatocellular tumors in mice, but not in 5770 

rats, via both oral and inhalation routes. A 2-year NTP gavage study in male and female B6C3F1 mice 5771 

resulted in a significant increase in hepatocellular adenomas and carcinomas at 300 and 600 mg/kg, 5772 

whereas F344 rats did not develop tumors in the liver (NTP, 1987). A 2-year inhalation bioassay yielded 5773 

similar findings, with a significant increase in hepatocellular adenomas and carcinomas in both male and 5774 

female mice, with clear positive trends observed at the MTD of 300 ppm (Aiso et al., 2005b; JBRC, 5775 

1995). In contrast, rats in the same study did not develop liver tumors. 5776 

 5777 

In summary, the differences in response to p-dichlorobenzene between mice and rats provide support for 5778 

the CAR MOA. Although there is strong support for the key events in the CAR MOA in mice, rats 5779 

exhibit a muted CAR activation including the expression of downstream genes, a transient proliferative 5780 

response, and lack the induction of liver tumors.  5781 
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Appendix F POD OPTIONS FOR RISK SCREENING OF 5782 

INTERMEDIATE INHALATION EXPOSURES 5783 

As discussed in Section 2.3.2.2.5, there are significant uncertainties about each of the three POD options 5784 

for intermediate inhalation exposures. The two lower inhalation POD values could not be BMD 5785 

modeled, while the highest value suffers from potential overestimation of air concentrations due to 5786 

technical problems during the study.  5787 

 5788 

The remaining options for inhalation PODs cover a range from 10.4 ppm (liver toxicity in 5789 

(Biodynamics, 1991)) to 46.8 ppm (postnatal mortality in (Chemical Manufacturers Association, 1989). 5790 

There is insufficient confidence in these studies to select a single value for intermediate inhalation 5791 

exposures, and the chronic inhalation POD is expected to be the risk driver compared to this range. Risk 5792 

estimates may utilize this range for screening of intermediate exposure scenarios and there is moderate 5793 

confidence that these values capture the likely range of intermediate hazard values, but there is reduced 5794 

confidence in any conclusions based solely on intermediate risk estimates. These screening POD options 5795 

for intermediate inhalation exposure scenarios are summarized below in Table_Apx F-1. 5796 

 5797 

Table_Apx F-1. Screening POD Options for Intermediate Inhalation Exposure Scenarios 5798 

Endpoint HEC Reference Comments 

Postnatal mortality BMCL5 =  

46.8 ppm 

(281 mg/mg3) 

Chemical Manufacturers 

Association (1989)  

Uncertainty in the analytical air 

concentrations impact the precision of 

BMD modeling and may have biased the 

POD high. Differing interpretations of 

missing pups also results in differing BMD 

results.  

Reduced maternal 

weight/weight gain 

NOAEC =  

12.25 ppm 

(73.65 mg/mg3) 

Bushy Run (1992) Effects on maternal weight are not 

consistent throughout gestation/lactation. 

The LOAEC is based on a smaller change 

than a typical BMR (10% relative 

deviation). 

Liver toxicity 

(increased organ 

weight, serum ALP) 

NOAEC =  

10.4 ppm 

(62.5 mg/mg3) 

Biodynamics (1991) Only two animals tested per group; not 

amenable to BMD modeling. Study was 

ruled supplementary by OPP and intended 

to serve as a range-finding study. 

  5799 

Route-to-route extrapolation from oral studies would introduce additional uncertainty. While similar 5800 

values and endpoints obtained via different routes in the 28-day dog studies provide consistent hazard 5801 

values across routes (10.4 ppm inhalation from (Biodynamics, 1991) = 11.5 mg/kg-day oral; 9.8 mg/kg-5802 

day oral in (Monsanto Chemical Company, 1995) = 8.9 ppm inhalation), there is still uncertainty in 5803 

assuming equivalence across routes. Developmental outcomes demonstrate potentially increased 5804 

sensitivity via the oral route (e.g., Bornatowicz compared to Chemical Manufacturers Association), and 5805 

the importance of liver metabolism for p-dichlorobenzene toxicity (Sections 2.2.3 and 2.3.1.1.3) suggest 5806 

that first pass metabolism could be significant. Consequently, the intermediate oral POD of 3.0 mg/kg-5807 

day will not be extrapolated to the inhalation route.  5808 

 5809 
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5810 

Appendix G DERMAL ABSORPTION TEST ORDER SUMMARY 5811 

AND INTERPRETATION 5812 

Background 5813 

In January 2021, EPA issued an Order under TSCA Section 4 to require recipients of the Order to 5814 

conduct an in vitro dermal absorption study on p-dichlorobenzene (CAS No. 106-46-7) that follows the 5815 

2004 OECD 428 test guideline, as well as the OECD 156 Guidance Notes on Dermal Absorption and 5816 

the OECD 28 Guidance Document for the Conduct of Skin Absorption Studies.  5817 

  5818 

In response to this Order, the American Chemistry Council (ACC) submitted a study plan by Charles 5819 

River Laboratories for EPA to review in October 2023. Following a series of amendments in order to 5820 

meet EPA testing requirements, EPA approved the 6th amendment to the study plan, finalized in 5821 

September 2024. This document provides a review of the final study report, “The In Vitro Dermal 5822 

Percutaneous Absorption of Radiolabeled p-Dichlorobenzene (pDCB) in Eight Dose Scenarios Through 5823 

Human Split-Thickness Skin,” submitted by ACC on March 19th, 2025, which was completed in 5824 

response to the TSCA section 4(a)(2) test order for in vitro dermal absorption testing of p-5825 

dichlorobenzene. In this study, fractional dermal absorption of a finite loading of p-dichlorobenzene was 5826 

measured for three different concentrations in two formulations, plus neat p-dichlorobenzene as a solid 5827 

powder. Human ex vivo skin was exposed for 8 hours, with absorption continuing through 24 hours post-5828 

initial dosing. See (https://www.regulations.gov/docket/EPA-HQ-OPPT-2018-0446) for more details on 5829 

the study plan and results. 5830 

 5831 

Results and Interpretation 5832 

Results in the final study report demonstrated a range of estimated terminal (i.e., measured at the end of 5833 

the study) percentage absorption between approximately 1 and 4%. Consistent with OECD guidances 5834 

(TG428, GD28, GN156), EPA is using the potentially absorbed dose as the amount detected in the 5835 

receptor fluid, skin depot, and the stratum corneum after the first two tape strips. For the neat test 5836 

preparations, potentially absorbed dose was 4.10% for 1 mg/cm2 and 2.37% for 5 mg/cm2. Absorption 5837 

for test preparations formulated in isopropyl myristate (IPM) ranged from 0.71% to 1.01% without a 5838 

consistent concentration-response between a weight fraction of 1% to 50%. Hydrotreated heavy naptha 5839 

(HHN) formulation results demonstrated a concentration response ranging from 2.24% absorption for 5840 

40% concentration to 1.87% absorption for 1% concentration.  5841 

 5842 

Sufficient recovery of approximately 80% in accordance with OECD guidance (TG428, GD28, GN156) 5843 

was achieved, however the coefficient of variation (CV) was greater than the recommended 25% for 5844 

almost all test preparations. The neat test preparation resulting in 4% mean absorption (1 mg/cm2) had 5845 

the greatest variability, with a CV greater than 50%. The 95% confidence interval for these results 5846 

would therefore include a high-end estimate as much as twice as large as the mean (i.e., between 6% and 5847 

8%), however there would be reduced confidence in use of this high-end estimate given that 4% 5848 

absorption is itself the highest estimate of the two test preparations on the neat chemical. Based on the 5849 

variability both between loading conditions and the uncertainty associated with the representative 5850 

estimate, further statistical adjustments for CV or recovery were not performed. Among the test 5851 

preparations with p-dichlorobenzene in formulation, the HHN results were more consistent and reliable 5852 

with CVs at approximately 25% or less.  5853 

 5854 

For application to the risk evaluation, an estimate of 4% absorption for the 1 mg/cm2 neat test 5855 

preparation will be applied to all formulations with greater than 50% concentration, regardless of 5856 

formulation/media. There is uncertainty in applying this estimate to exposure scenarios not tested in this 5857 

https://www.regulations.gov/docket/EPA-HQ-OPPT-2018-0446
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study such as neat pDCB diluted in other solid material or highly concentrated pDCB in solution. In the 5858 

absence of alternative empirical data for these scenarios, using the highest result from neat test 5859 

preparations represents a reasonable, health-protective estimate. An absorption value of 2% absorption 5860 

based on the HHN formulation will be used for all pDCB formulations of less than 50%. There is high 5861 

confidence in this estimate because HHN results varied only slightly across concentrations and CVs 5862 

were all 28% or less; however, variability would increase if data points determined to be outliers by the 5863 

laboratory were not excluded. The above considerations only apply to scenarios where fractional 5864 

absorption is most appropriate; these values would not be used when application of flux/permeability 5865 

approach is applicable.  5866 
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Appendix H PODs USED IN OTHER HUMAN HEALTH 5867 

ASSESSMENTS 5868 

 5869 

Table_Apx H-1. Hazard Reference Values and Cancer Classifications from Used in Other Human 5870 

Health Assessments 5871 

Agency 
Hazard Valuea (UF) Cancer 

Classification 
Acute Intermediate Chronic 

ATSDR 

MRL  

(2006) 

2 ppm based on 

respiratory irritation in 

humans (10× UFH) 

0.2 ppm based on 

increased liver weight 

in rats (10× UFH, 10× 

UFA) 

0.01 ppm based on nasal lesions 

in rats (10× UFH, 3× UFA) 

Cancer not evaluated 

EPA IRIS  

RfD/C 

(2006b) 

N/A – IRIS program 

did not evaluate acute 

hazard values 

Not derived 0.13 ppm based on liver effects 

in dogs (10× UFH, 10× UFA, 3× 

UFdatabase);  0.08 mg/m3 based on 

nasal lesions in rats and testis 

effects in mice (10× UFH, 3× 

UFA) 

Likely to Be 

Carcinogenic to 

Humans via oral and 

inhalation routes 

EPA OPP 

RfD/LOC  

(2018) 

RfD = 2.1 mg/kg-d 

based on neurotoxicity 

(↓limb grip and motor 

activity) (10× UFH, 

10× UFA) 

Not derived RfD = 0.10 mg/kg-d 

based on liver effects in dogs 

(10× UFH, 10× UFA); 

HEC = 4.96–5.58 mg/m3 for 

nasal lesions in rats (10× UFH, 

3× UFA) 

Not Likely to Be 

Carcinogenic to 

Humans based on non-

mutagenic MOA 

involving mitogenesis 

CalEPA REL 

(2025) 

(2025) 

1.5 ppm  

based on ↓ pup 

viability in rats (≈30× 

UFH, ≈6× UFA) 

Not derived 0.0008 ppm  

based on nasal lesions in rats and 

testis effects in mice (≈30× UFH, 

≈6× UFA) 

Carcinogen (1989) 

listed under Prop 65 

based on liver tumors 

in mice 

TCEQ ReV 

(2015) 

0.5 ppm based on 

respiratory irritation in 

humans (10× UFH, 3× 

UFdatabase) 

Not derived 0.0887 ppm for nasal lesions in 

rats (10× UFH, 3× UFA) 

Animal inhalation 

cancer data are 

considered to be 

inadequate at this time 

for calculation of a 

carcinogenic-based 

Effects Screening 

Level with an 

acceptable level of 

confidence 

a These hazard values incorporate uncertainty factors. 

  5872 
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Appendix I RUBRIC FOR ENVIRONMENTAL HAZARD WEIGHT 5873 

OF SCIENTIFIC EVIDENCE 5874 

The weight of scientific evidence fundamentally means that the evidence is weighed (i.e., ranked) and 5875 

weighted (i.e., a piece or set of evidence or uncertainty may have more importance or influence in the 5876 

result than another). Based on the weight of scientific evidence and uncertainties, a confidence statement 5877 

was developed that qualitatively ranks (i.e., robust, moderate, slight, or indeterminate) the confidence in 5878 

the hazard threshold. The qualitative confidence levels are described below. 5879 

 5880 

The evidence considerations and criteria detailed within (U.S. EPA, 2021)guides the application of 5881 

strength-of-evidence judgments for environmental hazard effect within a given evidence stream and 5882 

were adapted from Table 7-10 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). 5883 

 5884 

EPA used the strength-of-evidence and uncertainties from U.S. EPA (2021)U.S. EPA (2021) for the 5885 

hazard assessment to qualitatively rank the overall confidence rating for environmental hazard 5886 

(Table_Apx I-2). Confidence levels of robust (+ + +), moderate (+ +), slight (+), or indeterminant are 5887 

assigned for each evidence property that corresponds to the evidence considerations (U.S. EPA, 2021). 5888 

The rank of the Quality of the Database consideration is based on the systematic review overall quality 5889 

determination (High, Medium, or Low) for studies used to calculate the hazard threshold, and whether 5890 

there are data gaps in the toxicity data set. Another consideration in the Quality of the Database is the 5891 

risk of bias (i.e., how representative the study is to ecologically relevant endpoints). Additionally, 5892 

because of the importance of the studies used for deriving hazard thresholds, the Quality of the Database 5893 

consideration may have greater weight than the other individual considerations. The high, medium, and 5894 

low systematic review overall quality determination ranks correspond to the evidence table ranks of 5895 

robust (+ + +), moderate (+ +), or slight (+), respectively. The evidence considerations are weighted 5896 

based on professional judgment to obtain the overall confidence for each hazard threshold. In other 5897 

words, the weights of each evidence property relative to the other properties are dependent on the 5898 

specifics of the weight of scientific evidence and uncertainties that are described in the narrative and 5899 

may or may not be equal. Therefore, the overall score is not necessarily a mean or defaulted to the 5900 

lowest score. The confidence levels and uncertainty type examples are described below. 5901 

 5902 

Table_Apx I-1. p-Dichlorobenzene Evidence Table Summarizing the Overall Confidence Derived 5903 

from Hazard Thresholds 5904 

Types of Evidence 

Quality of 

the 

Database 

Consistency 

Strength 

and 

Precision 

Biological 

Gradient/ 

Dose-Response 

Relevance 
Hazard 

Confidence 

Aquatic 

Acute aquatic (SSD) +++ +++ +++ +++ +++ Robust 

Chronic aquatic 

vertebrates 

++ ++ ++ ++ ++ Moderate 

Chronic aquatic 

invertebrates 

++ ++ ++ ++ ++ Moderate 

Aquatic plants and algae ++ ++ ++ ++ ++ Moderate 

Terrestrial 

Terrestrial vertebrates ++ ++ ++ ++ + Moderate 

Terrestrial invertebrates + Not applicable + + + Slight 

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=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
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Types of Evidence 

Quality of 

the 

Database 

Consistency 

Strength 

and 

Precision 

Biological 

Gradient/ 

Dose-Response 

Relevance 
Hazard 

Confidence 

Terrestrial plants + + + + + Slight 

SSD =sSpecies sensitivity distribution 
a Relevance includes biological, physical/chemical, and environmental relevance. 

+++ Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting 

weight of scientific evidence outweighs the uncertainties to the point where it is unlikely that the uncertainties could 

have a significant effect on the hazard estimate. 

++   Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting 

scientific evidence weighed against the uncertainties is reasonably adequate to characterize hazard estimates. 

+     Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the 

scenario, and when the assessor is making the best scientific assessment possible in the absence of complete 

information. There are additional uncertainties that may need to be considered. 

5905 

 Confidence Levels 5906 

• Robust (+ + +) confidence suggests thorough understanding of the scientific evidence and 5907 

uncertainties. The supporting weight of scientific evidence outweighs the uncertainties to the 5908 

point where it is unlikely that the uncertainties could have a significant effect on the exposure or 5909 

hazard estimate. 5910 

• Moderate (+ +) confidence suggests some understanding of scientific evidence and uncertainties. 5911 

The supporting scientific evidence weighed against the uncertainties is reasonably adequate to 5912 

characterize exposure or hazard estimates. 5913 

• Slight (+) confidence is assigned when the weight of scientific evidence may not be adequate to 5914 

characterize the scenario, and when the assessor is making the best scientific assessment possible 5915 

in the absence of complete information. There are additional uncertainties that may need to be 5916 

considered. 5917 

 Types of Uncertainties 5918 

The following uncertainties may be relevant to one or more of the weight of scientific evidence 5919 

considerations listed above and will be integrated into that property’s rank in the evidence table: 5920 

• Scenario Uncertainty: Uncertainty regarding missing or incomplete information needed to fully 5921 

define the exposure and dose. 5922 

o The sources of scenario uncertainty include descriptive errors, aggregation errors, errors 5923 

in professional judgment, and incomplete analysis. 5924 

• Parameter Uncertainty: Uncertainty regarding some parameter. 5925 

o Sources of parameter uncertainty include measurement errors, sampling errors, 5926 

variability, and use of generic or surrogate data. 5927 

• Model Uncertainty: Uncertainty regarding gaps in scientific theory required to make predictions 5928 

on the basis of causal inferences. 5929 

o Modeling assumptions may be simplified representations of reality. 5930 

Table_Apx I-2 summarizes the weight of scientific evidence and uncertainties, while increasing 5931 

transparency on how EPA arrived at the overall confidence level for each exposure hazard threshold. 5932 

Symbols are used to provide a visual overview of the confidence in the body of evidence, while de-5933 

emphasizing an individual ranking that may give the impression that ranks are cumulative (e.g., ranks of 5934 

different categories may have different weights). 5935 



PUBLIC RELEASE DRAFT 

December 2024 

 

Page 179 of 194 

Table_Apx I-2. Considerations that Inform Evaluations of the Strength of the Evidence within an Evidence Stream (i.e., Apical 5936 

Endpoints, Mechanistic, or Field Studies) 5937 

Consideration 
Increased Evidence Strength (of the Apical 

Endpoints, Mechanistic, or Field Studies Evidence) 

Decreased Evidence Strength (of the Apical Endpoints, Mechanistic, or 

Field Studies Evidence) 

The evidence considerations and criteria laid out here guide the application of strength-of-evidence judgments for an outcome or environmental hazard effect 

within a given evidence stream. Evidence integration or synthesis results that do not warrant an increase or decrease in evidence strength for a given 

consideration are considered “neutral” and are not described in this table (and, in general, are captured in the assessment-specific evidence profile tables). 

Quality of the databasea 

(risk of bias) 

• A large evidence base of high- or medium-quality 

studies increases strength. 

• Strength increases if relevant species are represented 

in a database. 

• An evidence base of mostly low-quality studies decreases strength. 

• Strength also decreases if the database has data gaps for relevant species, 

i.e., a trophic level that is not represented. 

• Decisions to increase strength for other considerations in this table should 

generally not be made if there are serious concerns for risk of bias; in other 

words, all the other considerations in this table are dependent upon the 

quality of the database. 

Consistency Similarity of findings for a given outcome (e.g., of a 

similar magnitude, direction) across independent 

studies or experiments increases strength, particularly 

when consistency is observed across species, life stage, 

sex, wildlife populations, and across or within aquatic 

and terrestrial exposure pathways. 

• Unexplained inconsistency (i.e., conflicting evidence decreases strength; 

see (U.S. EPA, 2005)) 

• Strength should not be decreased if discrepant findings can be reasonably 

explained by study confidence conclusions; variation in population or 

species, sex, or life stage; frequency of exposure (e.g., intermittent or 

continuous); exposure levels (low or high); or exposure duration. 

Strength (effect 

magnitude) and precision 

• Evidence of a large magnitude effect (considered 

either within or across studies) can increase strength. 

• Effects of a concerning rarity or severity can also 

increase strength, even if they are of a small 

magnitude. 

• Precise results from individual studies or across the 

set of studies increases strength, noting that biological 

significance is prioritized over statistical significance. 

• Use of probabilistic model (e.g., Web-ICE, SSD) 

may increase strength. 

Strength may be decreased if effect sizes that are small in magnitude are 

concluded not to be biologically significant, or if there are only a few 

studies with imprecise results. 

Biological gradient/dose-

response 

• Evidence of dose-response increases strength. 

• Dose-response may be demonstrated across studies or 

within studies and it can be dose- or duration-
dependent. 

• Dose response may not be a monotonic dose-

response (monotonicity should not necessarily be 

• A lack of dose-response when expected based on biological 

understanding and having a wide range of doses/exposures evaluated in the 

evidence base can decrease strength. 
• In experimental studies, strength may be decreased when effects resolve 

under certain experimental conditions (e.g., rapid reversibility after 

removal of exposure). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6324329
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Consideration 
Increased Evidence Strength (of the Apical 

Endpoints, Mechanistic, or Field Studies Evidence) 

Decreased Evidence Strength (of the Apical Endpoints, Mechanistic, or 

Field Studies Evidence) 

expected, e.g., different outcomes may be expected at 

low vs. high doses due to activation of different 

mechanistic pathways or induction of systemic toxicity 

at very high doses). 

• Decreases in a response after cessation of exposure 

(e.g., return to baseline fecundity) also may increase 

strength by increasing certainty in a relationship 

between exposure and outcome (this particularly 

applicable to field studies). 

• However, many reversible effects are of high concern. Deciding between 

these situations is informed by factors such as the toxicokinetics of the 

chemical and the conditions of exposure, see (U.S. EPA, 1998), endpoint 

severity, judgments regarding the potential for delayed or secondary 

effects, as well as the exposure context focus of the assessment (e.g., 

addressing intermittent or short-term exposures). 

• In rare cases, and typically only in toxicology studies, the magnitude of 

effects at a given exposure level might decrease with longer exposures 

(e.g., due to tolerance or acclimation). 

• Like the discussion of reversibility above, a decision about whether this 

decreases evidence strength depends on the exposure context focus of the 

assessment and other factors. 

• If the data are not adequate to evaluate a dose-response pattern, then 

strength is neither increased nor decreased. 

Biological relevance Effects observed in different populations or 

representative species suggesting that the effect is 

likely relevant to the population or representative 

species of interest (e.g., correspondence among the 

taxa, life stages, and processes measured or observed 

and the assessment endpoint). 

An effect observed only in a specific population or species without a clear 

analogy to the population or representative species of interest decreases 

strength. 

Physical/chemical 

relevance 

Correspondence between the substance tested and the 

substance constituting the stressor of concern. 

The substance tested is an analog of the chemical of interest or a mixture of 

chemicals which include other chemicals besides the chemical of interest. 

Environmental relevance Correspondence between test conditions and 

conditions in the region of concern. 

The test is conducted using conditions that would not occur in the 

environment. 

a Database refers to the entire data set of studies integrated in the environmental hazard assessment and used to inform the strength of the evidence. In this context, 

database does not refer to a computer database that stores aggregations of data records such as the ECOTOX Knowledgebase. 

5938 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=30021
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Appendix J SPECIES SENSITIVITY DISTRIBUTION ACUTE 5939 

AQUATIC HAZARD  5940 

The SSD Toolbox is a resource that can fit SSDs to environmental hazard data (Etterson, 2020). It runs 5941 

on Matlab 2018b (9.5) for Windows 64 bit. For this draft p-dichlorobenzene risk evaluation, EPA 5942 

created one SSD with the SSD Toolbox Version 1.0 to evaluate acute aquatic vertebrate and invertebrate 5943 

toxicity. The use of this probabilistic approach increases confidence in the hazard threshold 5944 

identification as it is a more data-driven way of accounting for uncertainty. For the acute SSD, acute 5945 

exposure hazard data for aquatic vertebrates and invertebrates were curated to prioritize study quality 5946 

and to assure comparability between toxicity values. For example, the empirical data set included only 5947 

LC50s for high and medium quality acute duration assays that measured mortality for aquatic 5948 

vertebrates and invertebrates. Table_Apx J-1 shows the empirical data that were used in the SSD. To 5949 

further improve the fit and representativeness of the SSD, Web-ICE acute toxicity predictions for 5950 

additional species were added (Table_Apx J-3). 5951 

 5952 

With this data set, the SSD Toolbox was used to apply a variety of algorithms to fit and visualize SSDs 5953 

with different distributions. An HC05 is calculated for each (Table_Apx J-3). The SSD Toolbox’s output 5954 

contained several methods for choosing an appropriate distribution and fitting method, including 5955 

goodness-of-fit and standard error (Burnham and Anderson, 2002). Acceptable p-values were observed 5956 

for the Normal distribution fit with the Maximum Likelihood method (p > 0.05) and for the Normal, 5957 

Logistic, Gumbel, and Burr distributions fit with the Metropolis-Hastings method (a Bayesian method; 5958 

p-values >0.025 and <0.975). The data was also visually inspected to assess goodness-of-fit. For the Q-5959 

Q plot, the horizontal axis gives the empirical quantiles while the vertical axis gives the predicted 5960 

quantiles (from the fitted distribution). The Q-Q plot demonstrates a good model fit when the data points 5961 

are in close proximity to the line across the data distribution. Q-Q plots were used to visually assess the 5962 

goodness-of-fit for the distributions. All models with acceptable p-values also had acceptable Q-Q plots 5963 

(Figure_Apx J-1). The Logistic and Burr models demonstrated the best fit near the low end of the 5964 

distribution, which is the region from which the HC05 is derived. Posterior diagnostics (autocorrelation, 5965 

trace plots, and posterior distributions) were also visually assessed and based on this it was determined 5966 

that the logistic model was most appropriate (Figure_Apx J-2, Figure_Apx J-3, Figure_Apx J-4). The 5967 

results for this model (Table_Apx J-3) predicted 5% of the species (HC05) to have their EC50s/LC50s 5968 

exceeded at 0.33 mg/L (0.21 to 0.50 mg/L 95% CI). 5969 

 5970 

Table_Apx J-1. Species Sensitivity Distribution (SSD) Model Input for Acute Exposure Toxicity in 5971 

Aquatic Vertebrates and Invertebrates – Empirical Data 5972 

Scientific Name Common Name 
Acute Toxicity Value LC50 

(mg/L) 
Citation 

Oncorhynchus mykiss Rainbow trout 
1.12 (Ahmad et al., 1984)  

1.3 (Dow Chemical, 1974) 

Pimephales promelas Fathead minnow 

2.85 (Sum et al., 1993) 

3.6 (Mayes et al., 1983) 

4 (Veith et al., 1983) 

4.2 (Carlson and Kosian, 1987) 

11.7 (Mayes et al., 1983) 

14.2 

Jordanella floridae American flagfish 2.05 (Smith et al., 1991) 

Lepomis macrochirus Bluegill 1.00 (Dow Chemical, 1982a) 

https://www.epa.gov/comptox-tools/species-sensitivity-distribution-ssd-toolbox
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11350575
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991419
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7494661
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2048390
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=654569
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5254869
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=85158
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4930931
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5254869
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=95201
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929941
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Scientific Name Common Name 
Acute Toxicity Value LC50 

(mg/L) 
Citation 

Poecilia reticulata Guppy 2.90 (Sum et al., 1993) 

Daphnia magna Daphnid 

10.5 

(Gersich et al., 1986) 10.9 

13.5 

 5973 

 5974 

Table_Apx J-2. Species Sensitivity Distribution (SSD) Model Input for Acute Exposure Toxicity in 5975 

Aquatic Organisms – Web-ICE Data 5976 

Common Name Scientific Name 
Acute Toxicity Value LC50 

(mg/L) 

Copepod Acartia clausi 0.83 

Copepod Acartia clausi 0.10 

Copepod Acartia tonsa 6.0E−02 

Shortnose sturgeon Acipenser brevirostrum 1.0 

Amphipod Allorchestes compressa 2.1 

Amphipod Allorchestes compressa 0.34 

Threeridge Amblema plicata 0.12 

Threeridge Amblema plicata 2.7 

Black bullhead Ameiurus melas 8.1 

Mysid Americamysis bahia 0.15 

Mysid Americamysis bahia 3.2 

Mysid Americamysis bigelowi 0.67 

Isopod Asellus aquaticus 15 

Isopod Asellus aquaticus 1.2 

Isopod Asellus aquaticus 230 

Silver perch Bidyanus bidyanus 2.1 

Vernal pool fairy shrimp Branchinecta lynchi 8.9 

Isopod Caecidotea brevicauda 0.64 

Isopod Caecidotea brevicauda 0.64 

Isopod Caecidotea brevicauda 0.75 

Goldfish Carassius auratus 4.3 

Goldfish Carassius auratus 7.0 

Goldfish Carassius auratus 2.1 

White sucker Catostomus commersonii 8.5 

White sucker Catostomus commersonii 0.69 

Daphnid Ceriodaphnia dubia 7.7 

Midge Chironomus tentans 1.6 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=654569
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=18824
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Common Name Scientific Name 
Acute Toxicity Value LC50 

(mg/L) 

Water flea Chydorus sphaericus 4.6 

Mrigal carp Cirrhinus mrigala 3.6 

Common shrimp Crangon crangon 6.8 

Common shrimp Crangon crangon 4.1 

Amphipod Crangonyx pseudogracilis 92 

Eastern oyster Crassostrea virginica 2.1 

Eastern oyster Crassostrea virginica 0.45 

Sheepshead minnow Cyprinodon variegatus 2.2 

Sheepshead minnow Cyprinodon variegatus 3.8 

Sheepshead minnow Cyprinodon variegatus 1.5 

Sheepshead minnow Cyprinodon variegatus 1.6 

Common carp Cyprinus carpio 2.5 

Common carp Cyprinus carpio 5.9 

Common carp Cyprinus carpio 1.5 

Zebrafish Danio rerio 1.6 

Zebrafish Danio rerio 5.2 

Zebrafish Danio rerio 22 

Zebrafish-embryo Danio rerio-embryo 3.6 

Zebrafish-embryo Danio rerio-embryo 7.3 

Zebrafish-embryo Danio rerio-embryo 2.6 

Zebrafish-embryo Danio rerio-embryo 25 

Daphnid Daphnia pulex 8.8 

Daphnid Daphnia pulicaria 10 

Mayfly Drunella grandis 5.5 

Spotfin chub Erimonax monachus 1.9 

Northern pike Esox lucius 0.79 

Northern pike Esox lucius 0.13 

Greenthroat darter Etheostoma lepidum 1.3 

Indian bullfrog Euphlyctis hexadactylus 5.0 

Indian bullfrog Euphlyctis hexadactylus 0.45 

Amphipod Gammarus fasciatus 5.8 

Amphipod Gammarus minus 17 

Amphipod Gammarus pseudolimnaeus 9.2 

Catla Gibelion catla 5.4 

Catla Gibelion catla 2.1 
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Common Name Scientific Name 
Acute Toxicity Value LC50 

(mg/L) 

Bonytail Gila elegans 3.5 

Amphipod Hyalella azteca 8.6E−02 

Channel catfish Ictalurus punctatus 2.2 

Channel catfish Ictalurus punctatus 5.2 

Channel catfish Ictalurus punctatus 1.5 

Channel catfish Ictalurus punctatus 6.6 

Rohu Labeo rohita 9.8 

Neosho mucket Lampsilis rafinesqueana 7.3 

Fatmucket Lampsilis siliquoidea 1.3 

Fatmucket Lampsilis siliquoidea 8.1 

Peppered loach Lepidocephalichthys guntea 4.4 

Green sunfish Lepomis cyanellus 2.4 

Green sunfish Lepomis cyanellus 1.6 

Green sunfish Lepomis cyanellus 2.2 

Redear sunfish Lepomis microlophus 1.1 

Oligochaete Limnodrilus hoffmeisteri 44 

Bullfrog Lithobates catesbeianus 3.3 

Bullfrog Lithobates catesbeianus 6.1 

Bullfrog Lithobates catesbeianus 1.4 

Northern leopard frog Lithobates pipiens 6.3 

Southern leopard frog Lithobates sphenocephalus 4.8 

Oligochaete Lumbriculus variegatus 6.3 

Swamp lymnaea Lymnaea stagnalis 1.0 

Swamp lymnaea Lymnaea stagnalis 11 

Oriental river shrimp Macrobrachium nipponense 6.6 

Western pearlshell Margaritifera falcata 7.0 

Washboard Megalonaias nervosa 4.8 

Inland silverside Menidia beryllina 0.93 

Atlantic silverside Menidia menidia 0.52 

Atlantic silverside Menidia menidia 0.62 

Tidewater silverside Menidia peninsulae 0.39 

Largemouth bass Micropterus salmoides 0.89 

Largemouth bass Micropterus salmoides 0.98 

Largemouth bass Micropterus salmoides 1.4 

Water flea Moina macrocopa 11 
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Common Name Scientific Name 
Acute Toxicity Value LC50 

(mg/L) 

Striped bass Morone saxatilis 1.6 

Cape Fear shiner Notropis mekistocholas 2.4 

Cutthroat trout Oncorhynchus clarkii 1.2 

Cutthroat trout Oncorhynchus clarkii 1.8 

Cutthroat trout Oncorhynchus clarkii 1.1 

Cutthroat trout Oncorhynchus clarkii 1.5 

Apache trout Oncorhynchus gilae 1.1 

Coho salmon Oncorhynchus kisutch 1.7 

Coho salmon Oncorhynchus kisutch 1.5 

Coho salmon Oncorhynchus kisutch 0.55 

Sockeye salmon Oncorhynchus nerka 1.6 

Chinook salmon Oncorhynchus tshawytscha 1.4 

Chinook salmon Oncorhynchus tshawytscha 1.3 

Chinook salmon Oncorhynchus tshawytscha 0.44 

Mozambique tilapia Oreochromis mossambicus 3.9 

Mozambique tilapia Oreochromis mossambicus 1.8 

Mozambique tilapia Oreochromis mossambicus 8.7 

Nile tilapia Oreochromis niloticus 1.2 

Pheasantshell Ortmanniana pectorosa 8.1 

Medaka Oryzias latipes 6.6 

Medaka Oryzias latipes 2.8 

Midge Paratanytarsus dissimilis 5.8 

Midge Paratanytarsus dissimilis 16 

Midge Paratanytarsus parthenogeneticus 18 

Midge Paratanytarsus parthenogeneticus 33 

Yellow perch Perca flavescens 1.2 

Yellow perch Perca flavescens 1.3 

Yellow perch Perca flavescens 2.1 

Yellow perch Perca flavescens 0.66 

Yellow perch Perca flavescens 1.3 

Cuvier's foam froglet Physalaemus cuvieri 7.0 

Tadpole physa Physella gyrina 0.95 

Tadpole physa Physella gyrina 10 

Copepod Pseudodiaptomus coronatus 1.4 

Colorado squawfish Ptychocheilus lucius 5.3 
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Common Name Scientific Name 
Acute Toxicity Value LC50 

(mg/L) 

Atlantic salmon Salmo salar 1.1 

Atlantic salmon Salmo salar 0.63 

Brown trout Salmo trutta 1.3 

Brown trout Salmo trutta 0.44 

Brook trout Salvelinus fontinalis 1.2 

Brook trout Salvelinus fontinalis 1.4 

Brook trout Salvelinus fontinalis 0.70 

Brook trout Salvelinus fontinalis 0.75 

Lake trout Salvelinus namaycush 0.96 

Lake trout Salvelinus namaycush 0.84 

Lake trout Salvelinus namaycush 0.75 

Walleye Sander vitreus 0.49 

Walleye Sander vitreus 0.57 

Beaver-tail fairy shrimp Thamnocephalus platyurus 8.5 

Copepod Tigriopus japonicus 15 

Copepod Tigriopus japonicus 3.3 

Oligochaete Tubifex tubifex 6.0 

Oligochaete Tubifex tubifex 0.70 

Oligochaete Tubifex tubifex 1.53 

Oligochaete Tubifex tubifex 100 

Paper pondshell Utterbackia imbecillis 1.2 

Paper pondshell Utterbackia imbecillis 7.7 

Rainbow mussel Villosa iris 0.96 

African clawed frog Xenopus laevis 4.1 

Razorback sucker Xyrauchen texanus 2.1 

Copepod Acartia clausi 11 

Snipefly Atherix variegata 5.8 

Bigscale mullet Chelon macrolepis 603 

Zebrafish Danio rerio 2.3 

Daphnid Daphnia galeata 9.9 

Brook trout Salvelinus fontinalis 1.4 

Daphnid Simocephalus serrulatus 6.2 

Copepod Tisbe battagliai 7.2E−02 

 5977 
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Table_Apx J-3. SSD Model Predictionsa for Acute Exposure Toxicity to Aquatic Organisms 5978 

including both Empirical and Web-ICE Predictive Data  5979 

Distribution Distributionb HC05 (mg/L) P-value 

Maximum Likelihood 

Normal 0.314 0.086 

Logistic 0.3477 0.029 

Triangular 0.1595 9.99E−04 

Gumbel 0.3076 9.99E−04 

Weibull 5.3E−07 9.99E−04 

Burr 0.379 0.009 

Metropolis-Hastings 

Normal 0.2991 0.9424 

Logistic 0.3337 0.7502 

Triangular 0.1450 1 

Gumbel 0.2978 0.9442 

Weibull 1.4E−04 1 

Burr 0.3924 0.813 

a The SSD was generated using SSD Toolbox v1.0. 
b The model with the best model fit is bolded. 

 5980 

 5981 
Figure_Apx J-1. Q-Q Plot of Acute p-Dichlorobenzene Toxicity to 5982 

Aquatic Vertebrates and Invertebrates with Metropolis-Hastings 5983 

Method and Logistic Distribution 5984 

 5985 

https://www.epa.gov/comptox-tools/species-sensitivity-distribution-ssd-toolbox
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 5986 

 5987 
Figure_Apx J-2. Autocorrelation Plot of Acute p-5988 

Dichlorobenzene Toxicity to Aquatic Vertebrates and 5989 

Invertebrates with Metropolis-Hastings Method and 5990 

Logistic Distribution 5991 

 5992 

 5993 
Figure_Apx J-3. Trace Plot of Acute p-Dichlorobenzene 5994 

Toxicity to Aquatic Vertebrates and Invertebrates with 5995 

Metropolis-Hastings Method and Logistic Distribution 5996 

 5997 
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 5998 
Figure_Apx J-4. Posterior Distributions for Acute p-Dichlorobenzene 5999 

Toxicity to Aquatic Vertebrates and Invertebrates with Metropolis-6000 

Hastings Method and Logistic Distribution 6001 
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6002 

Appendix K ECOSAR (VERSION 2.2) REPORT p-6003 

DICHLOROBENZENE PREDICTIVE MODEL 6004 

 6005 

 6006 
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Appendix L LITERATURE INVENTORY TREES 6007 

During data screening, EPA followed the process described in Appendix H, Section H.5.11 of the 2021 6008 

Draft Systematic Review Protocol (U.S. EPA, 2021), to conduct title-abstract (TIAB) and full-text 6009 

screening for o-dichlorobenzene literature search results, as guided by the PECO statement. PECO 6010 

stands for Population, Exposure, Comparator or Scenario, and Outcomes for Exposure Concentration or 6011 

Dose. Full details and screening results for all the identified studies will be described in the Draft 6012 

Systematic Review Protocol for o-Dichlorobenzene, to be released with the risk evaluation package. 6013 

 Hazard 6014 

The same PECO statement was used during TIAB and full-text screening for references obtained during 6015 

the initial 2019 search for the evaluation of environmental and human health hazard (including both 6016 

epidemiology and animal toxicology) resulting from exposure to o-dichlorobenzene. An updated PECO 6017 

was used for the April 2025 literature update that focused on in vivo information specific to cancer. 6018 

Figure_Apx L-1 presents the number of references that report environmental and human health hazard 6019 

data that met PECO screening criteria at TIAB and full-text screening for o-dichlorobenzene. 6020 

 6021 

 6022 

Figure_Apx L-1. Literature Inventory Tree for Environmental and Human Health Hazard 6023 
View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from 6024 
the publicly available databases and gray literature references that were included in systematic review as of 6025 
December 12, 2025.  6026 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhawc.epa.gov%2Fsummary%2Fvisual%2Fassessment%2F100500527%2Fp-DCB-Literature-Tag-Tree%2F&data=05%7C02%7Cjacobs.keith%40epa.gov%7Ce170d1072082444e066308de6fdc3d40%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C639071189021183266%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=YywpdGKmO0GliK2i%2F5q7kaOGjA9n5zZrsykyrWoGB08%3D&reserved=0
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L.1.1 Further Filtering of Epidemiological Studies 6027 

The table below presents results of further filtering on epidemiological studies that passed PECO 6028 

screening. Studies that included fewer than three exposure levels did not meet filtering criteria and did 6029 

not undergo data quality evaluation or extraction. Studies with three or more exposure levels did 6030 

undergo data quality evaluation (U.S. EPA, 2026g) and extraction (U.S. EPA, 2026e). 6031 

 6032 

Table_Apx L-1. Further Filtering Results for Epidemiological Studies That Passed PECO 6033 

Screening 6034 

Reference 

Study Met PECO Criteria But Did 

Not Meet Further Filtering 

Criteria (No Data Quality Rating) 

Study Met Both PECO Criteria 

and Further Filtering Criteria 

(Data Quality Evaluated) 

(Liu et al., 2009) Yes  

(Hsiao et al., 2009) Yes  

(Elliott et al., 2006)  Yes 

(Delfino et al., 2003) Yes  

(Buckley et al., 2018)  Yes 

(Kalkbrenner et al., 2018) Yes  

(Liu and Jia, 2014) Yes  

(Dow Chemical, 1944) Yes  

(Kato et al., 2004) Yes  

(Pridgen et al., 2023)  Yes 

(WJ and TW, 1976) Yes  

(Heck et al., 2015)  Yes 

(Von Ehrenstein et al., 

2016) 

 Yes 

 6035 

 Dermal Absorption 6036 

EPA developed a PECO statement to conduct both TIAB and full-text screening of references 6037 

considered for the evaluation of dermal absorption resulting from o-dichlorobenzene exposure. EPA 6038 

additionally identified supplemental studies that may also inform dermal absorption and exposure for 6039 

DINP. Each reference was manually screened by two reviewers at the TIAB and full-text screening steps 6040 

or only at full-text, as relevant for the type of data source (peer vs. gray). Results are presented in 6041 

Figure_Apx L-2. 6042 

 6043 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363477
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363497
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1066770
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4931409
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1057394
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=90941
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728666
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4837230
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2857226
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4929963
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1488239
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12091181
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11830336
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2369182
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5684085
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5684085
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 6044 

Figure_Apx L-2. Literature Inventory Tree for Dermal Absorption 6045 
View the interactive literature inventory tree in HAWC. Data in this figure represent all 6046 
references obtained from the publicly available databases and gray literature references that 6047 
were included in systematic review as of December 12, 2025. 6048 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhawc.epa.gov%2Fsummary%2Fvisual%2Fassessment%2F100500523%2Fp-Dichlorobenzene-Literature-Tree%2F&data=05%7C02%7Cjacobs.keith%40epa.gov%7Ce170d1072082444e066308de6fdc3d40%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C639071189021216838%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=RzQPq3lXEBaYtGBRgXGMtbFr3r1rybZczUWXIbl5LAs%3D&reserved=0
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6049 

Appendix M ALTERNATIVE DERMAL ASSESSMENT APPROACH 6050 

Accounting for Absorption Using Alternative Dermal Approach 6051 

As discussed in Section 2.3.2.2.6, the dermal POD from the rat study (Biodynamics, 1990) would 6052 

only potentially be supported for application to repeated-dose, fractional absorption-based exposure 6053 

scenarios. For acute exposures, the oral POD for developmental toxicity from (Bornatowicz et al., 6054 

1994) would still need to be extrapolated. When adjusting to daily exposure, the dermal NOAEL-6055 

HED from (Biodynamics, 1990) is 214 mg/kg-day with a UF of 100; the UFA is 10× because 6056 

allometric scaling is not applied to dermal exposures. Because absorption differences across routes 6057 

would now be mitigated by using the dermal study, the exposure estimates would no longer 6058 

incorporate absorption adjustments. Instead, no absorption adjustment would be applied when using 6059 

dermal data for intermediate/chronic exposures. To match this assumption in the exposure 6060 

assessment, absorption adjustments for acute exposures must be applied to the hazard values 6061 

(accounting for the higher dose that would be needed to get the same internal dose). Therefore, 6062 

multiple dermal HEDs extrapolated from the (Bornatowicz et al., 1994) POD must be derived 6063 

specific to different absorption estimates. For p-dichlorobenzene, absorption estimates will range 6064 

from 2 to 4%, varying based on concentration (Section 2.2.1). The resulting dermal HED for acute 6065 

exposures from (Bornatowicz et al., 1994) is either 440 mg/kg (17.6 × 25) or 880 mg/kg (17.6 × 50) 6066 

for application to 4% or 2% absorption scenarios, respectively.  6067 

 6068 

Comparison Between Use of Dermal Rat HED and Extrapolating from Oral POD 6069 

The (Biodynamics, 1990) HED can be directly applied to all repeat-dose fractional absorbed exposure 6070 

scenarios regardless of exposure assumptions, with a risk threshold (HED/UF) of 2.14 mg/kg-day. For 6071 

comparison, the dermal risk threshold calculated from the 1-year dog study (Monsanto Chemical 6072 

Company, 1996) would be very similar at 2.5 mg/kg-day for a 4% absorption scenario (3.0 × 25 / 30); 6073 

the risk threshold for a 2% scenario would be over 2-fold higher at 5.0 mg/kg-day. Therefore, the use of 6074 

the rat dermal study would be more protective for risk estimation, albeit relatively similar to results 6075 

obtained with the (Monsanto Chemical Company, 1996) HED. 6076 

 6077 

Table_Apx M-1 presents the dermal PODs to be used for risk estimation of all exposure scenarios. 6078 

There is moderate confidence in application of the NOAEL from (Biodynamics, 1990) to repeat-dose 6079 

dermal exposures. 6080 

 6081 

Table_Apx M-1. Potential Dermal HEDs for Each Duration 6082 

Duration 
Absorption 

Scenario 

Exposure 

Adjusted for 

Absorption? 

Exposure 

Route in 

Study 

HED 

(mg/kg-day) 

Total 

Uncertainty 

Factors 

Reference 

Acute 

% Absorp, 2% No 

Oral 

880 30 

Bornatowicz et al. 

(1994) 
% Absorp, 4% No 440 30 

Flux Yes 17.6 30 

Inter-

mediate / 

Chronic 

% Absorp, any 

% absorbed 

No Dermal 214 100 Biodynamics (1990) 

Flux Yes Yes 3 30 Monsanto Chemical 

Company (1996) 

 6083 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017826
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017826
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017826
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828438
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12227371
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017826
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