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1 INTRODUCTION 69 

The Frank R. Lautenberg Chemical Safety for the 21st Century Act amended the Toxic Substances 70 

Control Act (TSCA), the Nation’s primary chemicals management law, in June 2016. Through the 71 

amended statute, the U.S. Environmental Protection Agency (EPA or the Agency) is required, under 72 

TSCA section 6(b), to conduct risk evaluations to determine whether a chemical substance presents an 73 

unreasonable risk of injury to health or the environment, without consideration of costs or other non-risk 74 

factors, including an unreasonable risk to potentially exposed or susceptible subpopulation(s) (PESS) 75 

identified by EPA as relevant to the risk evaluation, under the conditions of use (COU). TSCA section 76 

6(b)(4)(A) requires EPA to consider PESS, which are subpopulations “who, due to either greater 77 

susceptibility or greater exposure, may be at greater risk than the general population of adverse health 78 

effects from exposure to a chemical substance or mixture, such as infants, children, pregnant women, 79 

workers, or the elderly” [15 U.S.C. § 2602(12)]. Several reports from the National Research Council 80 

(NRC)—including the 1994 report Science and Judgment in Risk Assessment, the 2008 report Phthalates 81 

and Cumulative Risk Assessment: The Tasks Ahead, and the 2009 report Science and Decisions: 82 

Advancing Risk Assessment—have highlighted the importance of understanding the combined risk from 83 

multiple environmental stressors (NRC, 2009, 2008, 1994). These reports, as well as legislation such as 84 

the Food Quality Protection Act of 1996 (FQPA), have driven, in part, EPA’s evolving work on 85 

cumulative risk assessment (CRA). 86 

TSCA does not explicitly require EPA to conduct CRAs. However, TSCA does require that EPA, when 87 

conducting TSCA risk evaluations in 3 to 3.5 years [15 U.S.C. § 2605(b)(4)(G)], consider the reasonably 88 

available information, consistent with the best available science, and make decisions based on the 89 

weight of the scientific evidence [15 U.S.C. § 2625(h), (i), (k)]. EPA recognizes that for some chemical 90 

substances undergoing risk evaluation, the best available science may indicate that the development of a 91 

CRA is appropriate to ensure that any risks to human health and the environment are adequately 92 

characterized. TSCA also gives the Agency the authority to consider the combined risk from multiple 93 

chemical substances when there is an interrelated group of chemicals or mixtures [15 U.S.C. § 2625(c)]. 94 

Under TSCA section 26(c), EPA may take “any action authorized” under any provision of TSCA, in 95 

accordance with that provision with respect to a category of chemical substances or mixtures of 96 

chemical substances. Because individuals are co-exposed to many chemicals in their daily lives, some of 97 

which may have the same health effects, EPA believes that in some cases the best approach to assess 98 

risk to human health may be to look at the combined risk to health from exposure to multiple chemicals. 99 

EPA plans to solicit comments on this draft document from the Science Advisory Committee on 100 

Chemicals (SACC) and the public, which may be used in the future as part of the development of a more 101 

detailed TSCA CRA Framework and in support of future CRAs. 102 

  103 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=180073
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=635834
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6424


PUBLIC COMMENT DRAFT – DO NOT CITE OR QUOTE 

 

 

Page 6 of 22 

2 SCOPE 104 

EPA has developed this draft principles document providing an overview of TSCA and defining CRA 105 

within the requirements of TSCA. This draft document is not a framework nor a guidance document on 106 

the process for conducting CRAs; rather, it focuses on principles of CRA for chemical substances. There 107 

are multiple definitions of the term “cumulative risk assessment.” This draft principles document 108 

primarily relies on the definition in EPA’s Framework for Cumulative Risk Assessment that defines 109 

CRA as “an analysis, characterization, and possible quantification of the combined risks to health and/or 110 

the environment from multiple agents and/or stressors” (U.S. EPA, 2003). This could include evaluation 111 

of multiple chemical substances that jointly exert a common toxic effect. Exposures to these chemicals 112 

could result from multiple exposure pathways and through multiple routes of exposure.  113 

  114 

Further, this draft CRA principles document does not address cumulative impacts, which refer to the 115 

total burden—positive, neutral, or negative—from chemical and non-chemical stressors and their 116 

interactions that affect the health, well-being, and quality of life of an individual, community, or 117 

population at a given point in time or over a period of time (U.S. EPA, 2022). Cumulative impacts, 118 

which may or may not include toxicologically defined risk, would be considered in other types of 119 

assessments such as a cumulative impact assessment. EPA’s Office of Research and Development 120 

(ORD) is actively working to strengthen the scientific underpinning for assessing cumulative impacts. 121 

EPA’s Office of Pollution Prevention and Toxics (OPPT) may consider cumulative impacts in the future 122 

and as appropriate data, methods, and guidance are available. 123 

  124 

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=10555212


PUBLIC COMMENT DRAFT – DO NOT CITE OR QUOTE 

 

 

Page 7 of 22 

3 PROPOSED PRINCIPLES OF CRA UNDER TSCA 125 

In the development of this draft principles document, EPA has relied substantially on existing CRA-126 

related work by EPA’s Risk Assessment Forum (RAF), EPA’s Office of Pesticide Programs (OPP), the 127 

Organisation for Economic Co-operation and Development (OECD), the European Commission, and the 128 

World Health Organization (WHO) and International Programme on Chemical Safety (IPCS), including 129 

• Guidelines for the Health Risk Assessment of Chemical Mixtures (U.S. EPA, 1986) 130 

• Guidance for Identifying Pesticide Chemicals and Other Substances That Have a Common 131 

Mechanism of Toxicity (U.S. EPA, 1999) 132 

• Supplementary Guidance for Conducting Health Risk Assessment of Chemical Mixtures (U.S. 133 

EPA, 2000) 134 

• General Principles for Performing Aggregate Exposure and Risk Assessments (U.S. EPA, 2001) 135 

• Guidance on Cumulative Risk Assessment of Pesticide Chemicals that Have a Common 136 

Mechanism of Toxicity (U.S. EPA, 2002a) 137 

• Framework for Cumulative Risk Assessment (U.S. EPA, 2003) 138 

• Concepts, Methods and Data Sources for Cumulative Health Risk Assessment of Multiple 139 

Chemicals, Exposures, and Effects: A Resource Document (U.S. EPA, 2007) 140 

• State of the Art Report on Mixture Toxicity (European Commission, 2009) 141 

• Risk Assessment of Combined Exposure to Multiple Chemicals: A WHO/IPCS Framework (Meek 142 

et al., 2011) 143 

• Pesticide Cumulative Risk Assessment: Framework for Screening Analysis Purpose (U.S. EPA, 144 

2016) 145 

• Considerations for Assessing the Risks of Combined Exposure to Multiple Chemicals (OECD, 146 

2018) 147 

• Phthalates and Cumulative Risk Assessment: The Tasks Ahead (NRC, 2008) 148 

These documents provide the scientific foundation for the proposed TSCA CRA principles described in 149 

Sections 3.1 to 3.7. 150 

3.1 Populations for Consideration 151 

As required under section 6(b)(4) of TSCA, EPA issued a final rule, Procedures for Chemical Risk 152 

Evaluation Under the Amended Toxic Substances Control Act (82 FR 33726) (hereinafter “Risk 153 

Evaluation Rule”), in July 2017, which provides the procedural requirements for EPA’s risk evaluations, 154 

including for chemicals designated as High-Priority Substances and chemical substances subject to a 155 

Manufacturer-Requested Risk Evaluation. Pursuant to TSCA section 6(b) and the Risk Evaluation Rule, 156 

risk evaluations must include both hazard and exposure assessments for the chemical substance in order 157 

to characterize any risk that the substance may pose under its COUs to ecological and human 158 

populations. At this time, EPA proposes to focus its CRA efforts on human health, not on ecological 159 

taxa. This is because established Agency cumulative risk guidance documents are available to support 160 

human health, but not yet ecological CRA. The Agency may, in the future, develop an approach for 161 

conducting CRA under TSCA for ecological taxa.  162 

Under TSCA, the key human populations considered include the general population and PESS such as 163 

workers and occupational non-users (ONUs), consumers and consumer bystanders, fenceline 164 

communities, and tribal populations. TSCA section 6(b)(4)(A) requires EPA to determine whether a 165 

chemical substance presents an unreasonable risk of injury to health or the environment—without 166 

consideration of costs or other non-risk factors, including to PESS [15 U.S.C. § 2605(b)(4)(A)]. As 167 

noted previously, PESS are subpopulations “who, due to either greater susceptibility or greater exposure, 168 

may be at greater risk than the general population of adverse health effects from exposure to a chemical 169 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1157975
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9641556
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065617
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=712746
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=653775
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10293409
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239940
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239940
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10285062
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10285062
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288625
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288625
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=635834
https://www.govinfo.gov/content/pkg/FR-2017-07-20/pdf/2017-14337.pdf
https://www.govinfo.gov/content/pkg/FR-2017-07-20/pdf/2017-14337.pdf
https://www.federalregister.gov/documents/2017/07/20/2017-14337/procedures-for-chemical-risk-evaluation-under-the-amended-toxic-substances-control-act


PUBLIC COMMENT DRAFT – DO NOT CITE OR QUOTE 

 

 

Page 8 of 22 

substance or mixture, such as infants, children, pregnant women, workers, or the elderly” [15 U.S.C. § 170 

2602(12)]. TSCA does not statutorily define what constitutes “greater susceptibility” or “greater 171 

exposure,” thereby providing flexibility to EPA to consider both chemical and non-chemical stressors 172 

when identifying PESS. As OPPT continues to develop its approaches for CRA, OPPT will take into 173 

consideration PESS in hazard, exposure, and risk methods and results. 174 

3.2 Stressors for Consideration 175 

Under EPA’s RAF description of cumulative risk (U.S. EPA, 2003), the term “stressors” refers to both 176 

chemical and non-chemical stressors. Non-chemical stressors may include radiological, biological, and 177 

other physical stressors; lifestyle conditions; and socioeconomic stressors. Non-chemical stressors may 178 

directly or indirectly affect health adversely, increase vulnerability to chemical stressors, or have 179 

exposure-response modifying effects on other chemical stressors (U.S. EPA, 2022, 2003). Few methods 180 

have been developed that allow for a quantitative analysis of cumulative risk from combined exposure to 181 

chemical and non-chemical stressors. However, EPA ORD is actively working to strengthen the 182 

scientific underpinning for assessing cumulative impacts, including impacts from non-chemical stressors 183 

within ORD’s FY23-26 Strategic Research Action Plans (U.S. EPA, 2022). Until Agency-wide guidance 184 

and established methodologies have been developed, EPA does not expect to quantitatively evaluate 185 

non-chemical stressors when conducting CRAs under TSCA. In contrast, Agency-wide guidance and 186 

methodologies for quantitatively evaluating cumulative risk from combined exposure to multiple 187 

chemical substances and/or mixtures are available (U.S. EPA, 2000, 1986). Therefore, at this time for 188 

purposes of TSCA risk evaluations, EPA is proposing to focus its quantitative CRA efforts on the 189 

evaluation of chemical substances. However, if EPA identifies potential non-chemical stressors that may 190 

be reasonably anticipated to impact cumulative risk estimates from chemical substance exposure, then 191 

EPA may include a qualitative discussion of the non-chemical stressors and their potential impact on a 192 

case-by-case basis until such time that peer-reviewed, Agency-wide guidance for quantitative evaluation 193 

of non-chemical stressors is available.  194 

3.3 Sources, Pathways, and Routes of Exposure Considered 195 

If EPA determines in a TSCA section 6(b) risk evaluation that the manufacture, processing, distribution 196 

in commerce, use, or disposal of a “chemical substance,” or that any combination of such activities 197 

presents an unreasonable risk of injury to health or the environment, then TSCA section 6(a) requires 198 

EPA to regulate the manufacture, processing, distribution in commerce, commercial use, or disposal of 199 

the “chemical substance” to the extent necessary so that the “chemical substance” or mixture no longer 200 

presents such risk [15 U.S.C. 2605(a)]. 201 

 202 

TSCA section 6(b)(4)(D) requires EPA to identify the hazards, exposures, conditions of use, and the 203 

PESS the Administrator expects to consider in a risk evaluation. TSCA section 3(2) excludes from the 204 

definition of “chemical substance” “any food, food additive, drug, cosmetic, or device (as such terms are 205 

defined in Section 201 of the Federal Food, Drug, and Cosmetic Act [21 U.S.C. 321]) when 206 

manufactured, processed, or distributed in commerce for use as a food, food additive, drug, cosmetic, or 207 

device” as well as “any pesticide (as defined in the Federal Insecticide, Fungicide, and Rodenticide Act 208 

[7 U.S.C. 136 et seq.]) when manufactured, processed, or distributed in commerce for use as a 209 

pesticide.” EPA may not in a risk management rule under section 6(a) directly regulate non-TSCA uses; 210 

however, incidental effects of 6(a) regulation on non-TSCA uses are not prohibited by TSCA’s chemical 211 

substance definition. Additionally, as described in EPA’s Risk Evaluation Rule (see Procedures for 212 

Chemical Risk Evaluation Under the Amended TSCA, 33726 Fed. Reg. 33735 (July 20, 2017), “[t]he 213 

potential risks of non-TSCA uses may help inform the Agency’s risk determination for the exposures 214 

from uses that are covered under TSCA (e.g., as background exposures that would be accounted for, 215 

should EPA decide to evaluate aggregate exposures)” 82 FR at 33735. For example, EPA may take into 216 

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=10555212
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=10555212
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1157975
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account exposure to multiple chemical substances resulting from non-TSCA uses and/or naturally 217 

occurring sources, should the Agency decide to conduct a CRA. 218 

 219 

Relevant pathways and routes of exposure to a person from various sources will be considered for a 220 

CRA conducted under TSCA. Potentially relevant routes of exposure include inhalation, oral, and 221 

dermal routes. Possible pathways of exposure to a chemical substance may include, but are not limited 222 

to, ingestion of contaminated groundwater, inhalation of volatile compounds emitted in an indoor 223 

environment, or dermal exposure to products during use. The determination of which exposure routes 224 

and pathways to include in a CRA requires consideration of the toxicological endpoint(s) selected on the 225 

basis of toxicologic similarity (discussed further in Section 3.4.1) and the likelihood of single or 226 

multiple routes or pathways to result in co-exposure within a relevant timeframe (discussed further in 227 

Section 3.4.2). For example, if a toxicologic effect is only observed following exposure via certain 228 

routes, then it may be appropriate to evaluate only those routes of exposure as part of the CRA. 229 

Similarly, unless various pathways of exposure result in co-exposures within a relevant timeframe, they 230 

may not be considered as part of a CRA. 231 

3.4 Chemical Grouping Considerations 232 

Under TSCA, the term “category of chemical substances” is broadly defined as “a group of chemical 233 

substances the members of which are similar in molecular structure, in physical, chemical, or biological 234 

properties, in use, or in mode of entrance into the human body or into the environment, or the members 235 

of which are in some other way suitable for classification” [15 U.S.C. § 2625(c)(2)(A)]. This broad 236 

definition provides EPA with the flexibility to group chemical substances for inclusion in a CRA based 237 

on defined criteria hereinafter referred to as a “cumulative chemical group.”  238 

  239 

Available EPA (2016, 2003, 2002a, 2000, 1986), OECD (2018), and World Health Organization/ 240 

International Programme on Chemical Safety (WHO/IPCS) (Meek et al., 2011) guidance outlines two 241 

principal considerations for grouping chemicals for inclusion in a CRA, (1) toxicologic similarity, and 242 

(2) evidence of co-exposure over a relevant timeframe. Consistent with available guidance, toxicological 243 

similarity and evidence of co-exposure will be the principal considerations when determining chemical 244 

groupings for CRA under TSCA. Consideration for determining toxicologic similarity and co-exposure 245 

over a relevant timeframe under TSCA are discussed in Sections 3.4.1 and 3.4.2, respectively. The 246 

establishment of a cumulative chemical group for purposes of CRA will be developed using a narrative 247 

that clearly characterizes the strengths and uncertainties of the evidence of toxicological similarity as 248 

well as the potential co-exposure for each chemical substance in the cumulative chemical group 249 

considered. 250 

 Toxicologic Similarity 251 

As described in EPA’s Supplementary Guidance for Conducting Health Risk Assessment of Chemical 252 

Mixtures (mixtures guidance) (U.S. EPA, 2000), evidence for toxicological similarity exists along a 253 

continuum and includes, but may not be limited to (from most to least informative/restrictive with regard 254 

to data and knowledge requirements) the following: 255 

• identical toxicodynamics (i.e., same molecular initiating event [MIE], downstream key events, 256 

and apical outcome; an example of this is a group of chemical substances that have a common 257 

toxic metabolite); 258 

• similar toxicodynamics (e.g., different MIE, convergent toxicodynamic pathways leading to a 259 

common downstream effect, and same apical outcome); 260 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10285062
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=712746
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1157975
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288625
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239940
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
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• shared syndrome (e.g., phthalate syndrome (NRC, 2008), T (tremor)-syndrome or CS 261 

(choreoathetosis and salivation)-syndrome elicited by Type I and II pyrethroids, respectively 262 

(U.S. EPA, 2011)); 263 

• shared apical outcome (MIE and other key events unknown); 264 

• effect on the same target organ; 265 

• structural similarity; and 266 

• similarly shaped dose-response curves in comparable toxicity studies.  267 

Empirical evidence from mixture studies may also provide support for establishing cumulative chemical 268 

groups for CRA. Generally, EPA is unlikely to conduct CRAs under TSCA when the reasonably 269 

available information is limited to an effect on the same target organ as this approach may introduce too 270 

much uncertainty to risk estimates. 271 

  272 

A variety of toxicodynamic information can be used to inform the degree of toxicologic similarity of a 273 

cumulative chemical group. The quality, quantity, and relevance of this information must be discussed 274 

as part of the weight of evidence narrative. EPA’s mixtures guidance (U.S. EPA, 2000) and other 275 

international guidance (OECD, 2018; Meek et al., 2011) describe examples of data sources that may 276 

provide evidence of toxicological similarity, including: 277 

• In vivo studies: Evidence of toxicologic similarity may come from both animal studies 278 

(guideline and non-guideline) and human studies. Animal studies may provide evidence of the 279 

same target organ, shared apical outcome or syndrome, similar toxicokinetics (including potency 280 

of metabolites and metabolites common to multiple chemicals), and/or the same mode of action 281 

(MOA). Analyses of data from in vivo (as well as ex vivo and in vitro) studies may also provide 282 

evidence of similarly shaped dose-response curves (e.g., linear or S-shaped), which can provide 283 

support for proportional toxicodynamics. Human studies, including controlled human exposure 284 

and epidemiologic studies, may provide additional evidence of a common target organ, shared 285 

apical effect or syndrome, as well as provide evidence of species concordance and human 286 

relevance of effects observed in animal models. 287 

• Ex vivo studies: Organ and tissue studies may provide information about shared toxicodynamic 288 

events and pathways or evidence of the effect on the same target organ. In some cases, these 289 

studies may also provide information about shared toxicokinetics (absorption, metabolism, etc.), 290 

shared metabolites, or apical endpoint (e.g., eye irritation, skin sensitization).  291 

• In vitro studies: Cell-based bioassays and other in vitro high-throughput screening techniques 292 

(e.g., ToxCast and Tox21 testing programs, three-dimensional tissue models, mechanistic or 293 

metabolic assays, etc.) may inform assumptions about toxicologic similarity by providing 294 

information on mechanism and/or MOA, as well as target organ effect data. In addition, in vitro 295 

(as well as in vivo) mixture studies can provide empirical evidence for toxicologic similarity 296 

when observed dose-response data are consistent with dose additive predictions. 297 

• In silico studies: In silico tools may provide predictive evidence that supports toxicologic 298 

similarity. For example, structure-activity relationship and quantitative structure-activity 299 

relationship (i.e., [Q]SAR) modeling can provide predictive hazard information on the target 300 

organ, apical outcome, or MOA. Similarly, molecular docking approaches can be used to predict 301 

interactions between a chemical and protein, which may inform a chemical’s MOA. These tools 302 

may also help characterize structural similarity.  303 

 Co-exposure Considerations 304 

In addition to toxicological similarity, inclusion and grouping of two or more chemical substances into a 305 

CRA requires consideration of whether exposure to multiple chemical substances occur at 306 

toxicologically significant concentrations and over relevant and/or overlapping timeframes (e.g., during 307 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=635834
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10285061
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288625
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239940
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a critical window of development). When determining relevant timeframes of exposure the duration or 308 

frequency that is relevant to effects of concern should be taken into account. Relevant timeframes may 309 

include, but may not be limited to, exposure to multiple chemicals at the same time, exposure to 310 

persistent chemicals at different times that may bioaccumulate in the body or have persistent effects 311 

from exposure to multiple chemicals at different times. Relevant timeframes of exposure can vary by 312 

factors including, but not limited to, chemicals, lifestages, or effects.  313 
 314 

Characterizing co-exposure requires consideration of the source of chemical exposure, populations 315 

impacted by exposure, and the possible varying routes and pathways of exposure. Additionally, the 316 

magnitude, frequency, and duration of exposure to multiple chemical substances influence the potential 317 

for co-exposure to occur within a given period of time (e.g., 24 hours, 1 year, or a lifetime); where the 318 

magnitude of exposure is the level of exposure dictated by the physical and chemical properties of the 319 

chemical substance and exposure scenario, frequency is the number of exposure events over a given 320 

time, and duration is the length of exposure time per event (OECD, 2018; U.S. EPA, 2001). 321 

 322 

Because chemical substances are assessed for risk under the COUs, the magnitude of exposure is 323 

calculated through individual exposure scenarios that consider the source, pathway, route, media, 324 

frequency, and duration of an exposure and should be considered against the concentration of 325 

toxicological significance. The frequency of exposure can be given as the predicted number of days in 326 

which an exposure occurs in a year or the number of exposure events in a given timeframe such as per 327 

day, month, or year. Examples of high frequency exposure events could be daily ingestion of drinking 328 

water whereas infrequent exposure events may be a consumer painting their home. The duration of 329 

exposure is the length of time in which a person is exposed to the chemical substance of interest and can 330 

vary in length, from short-term (e.g., use of bathroom cleaner) to long-term (e.g., continuous emissions 331 

from home flooring). Relevant exposure patterns incorporating frequency and duration should be 332 

matched with relevant adverse effects when conducting a CRA (U.S. EPA, 2001). For example, if an 333 

adverse effect is observed in animals after a single, acute exposure, then it would be most appropriate to 334 

estimate cumulative risk based on acute or single-day exposure estimates. Alternatively, if an adverse 335 

effect is observed after sub-chronic or chronic exposure, then cumulative risk should be estimated based 336 

on corresponding relevant timeframes of exposure duration. An exception to this may be for certain 337 

developmental effects that occur after an acute or short-term exposure takes place during a window of 338 

susceptibility during pregnancy. In such cases, the acute or short-term developmental exposure may be 339 

considered more relevant than a lifetime of exposure and may be considered as part of a chronic 340 

assessment (U.S. EPA, 2002b, 1991). 341 

 342 

Taken together, frequency and duration impact the potential for co-exposure to multiple chemical 343 

substances. Specifically, continuous long-term exposure to a chemical substance may increase the 344 

likelihood of co-exposure to another chemical substance simultaneously. In contrast, an infrequent short-345 

term exposure to a chemical substance may not result in a co-exposure to another chemical substance 346 

where the relevant timeframe of exposure may be defined as the time in which exposure to multiple 347 

chemical substances is occurring simultaneously (OECD, 2018; U.S. EPA, 2001). Some examples of co-348 

exposures that may occur simultaneously could include use of a product containing multiple chemical 349 

substances, simultaneous use of multiple products containing different chemical substances, or 350 

inhalation of ambient air containing multiple chemical substances. Exposures to multiple chemical 351 

substances can occur at different times, and the timeframe in which all exposures have occurred can still 352 

be considered a relevant timeframe of co-exposure depending on factors such as biological persistence 353 

of the relevant chemical substances in an organism and the relevant toxicity endpoint of interest (OECD, 354 

2018).  355 

 356 
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For example, physical and chemical properties of a chemical substance can impact the biological 357 

persistence of the chemical substance and, therefore, the relevant timeframe of exposure. Even if 358 

exposures to multiple chemical substances do not occur simultaneously, biologically-persistent chemical 359 

substances may remain in the body during exposure to another chemical substance leading to co-360 

exposure of both chemical substances. Short, intermittent exposures are less likely to result in co-361 

exposure over a defined timeframe, unless there is evidence of persistence in the body. Additionally, co-362 

occurrence may not occur for certain chemical substances that are rapidly eliminated from the body— 363 

even with frequent repeated exposure (OECD, 2018; U.S. EPA, 2001). However, it may still be 364 

appropriate to consider these chemical substances for inclusion in a CRA if frequent, albeit non-365 

overlapping exposure, contributes to a subchronic or chronic health effect. 366 

 367 

Some data sources that can provide evidence of co-exposures within relevant timeframes to individuals 368 

and populations considered under TSCA include the following: 369 

• Biomonitoring data: Biomonitoring can be used to both identify individuals and populations 370 

exposed to chemical substances and quantify internal doses of chemical substances. 371 

Biomonitoring data sets can also indicate the presence of multiple chemical substances within 372 

persons of interest (e.g., pregnant women) at the time of sampling and serve as evidence of co-373 

exposure to multiple chemical substances of interest. However, there are limitations with using 374 

biomonitoring data in a CRA. Quantifying an intake dose from biomonitoring data can be 375 

complicated and requires many assumptions and complex modeling. Although biomonitoring 376 

data may provide evidence that co-exposure is occurring within a relevant timeframe leading to 377 

the presence of multiple chemical substances in the human body, it cannot be used to isolate the 378 

sources, routes, or timeframes of each chemical exposure. Additionally, robust biomonitoring 379 

data may not be widely available for all chemical substances undergoing TSCA risk evaluation. 380 

• Product formulation data: Co-exposure to multiple chemical substances can occur through 381 

exposures from the presence of multiple chemical substances in a single product (e.g., plastic 382 

products containing multiple phthalates). The presence of multiple chemical substances in a 383 

single product can be determined through process information or production formulation data 384 

provided by the manufacturer of a product or through a safety data sheet. Supporting data on 385 

multiple chemical substances in products or articles may also come from completed chemical 386 

risk assessments, including Agency for Toxic Substances and Disease Registry’s Toxicological 387 

Profiles, which often present the prevalence of chemical substances in certain products available 388 

on the U.S. market and relevant usage patterns.  389 

• Survey of consumer behavior demonstrating co-use: Co-exposures to two or more chemical 390 

substances from multiple COUs result from what is commonly referred to as the co-occurrence 391 

of use (or co-use) and/or co-location of exposure sources. In other words, a determination of co-392 

exposures is dependent on evidence of co-use and/or co-location. In the context of TSCA, co-393 

uses typically refer to scenarios from which an individual (e.g., consumer) may be exposed to 394 

two or more COUs such as when a spray and powdered cleaner are used concurrently to clean a 395 

bathtub. For consumer co-exposures, which are primarily dependent on co-use data that are rare 396 

in the literature, studies that report continuous emissions of chemicals even when products are 397 

not in use (e.g., formaldehyde emission from unlit candles, flame retardants that are released 398 

from upholstery via dust over time) can be used to determine which products consumers and 399 

bystanders may be co-exposed to via specific rooms or space of use and periods of time.  400 

• Workplace monitoring: In industrial and commercial settings, multiple chemical substances 401 

may be manufactured, processed, or used at the same site or location leading to co-exposures of 402 

individuals to various chemical substances. It is important to consider all chemical substances 403 

used for that industry sector or site, their potential hazard, associated worker activities, and 404 
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exposure durations. When available, monitoring studies may provide evidence of exposure to 405 

multiple chemical substances via the workplace environment. Additionally, other site-specific 406 

information may provide evidence of the exposure potential for multiple chemical substances 407 

such as reviewing all the chemical substances reported to EPA programs (e.g., Chemical Data 408 

Reporting [CDR], Toxics Release Inventory [TRI], National Emissions Inventory [NEI]) for a 409 

single site. For occupational co-exposures, information on a facility’s chemical formulation, 410 

manufacturing, processing, and uses may be qualitatively considered to determine the potential 411 

of workers and ONUs to be co-exposed to multiple chemicals and through multiple COUs within 412 

an occupational exposure scenario. 413 

• Facility releases: Emission of multiple chemical substances from a single facility or multiple 414 

facilities within a certain geographical proximity can lead to co-exposures to humans. Similar to 415 

the assessment of exposure in the workplace, site-specific information reported to EPA programs 416 

(e.g., CDR, TRI, NEI) may be used to assess potential releases and resulting co-exposures near 417 

facilities. Unfortunately, location information about environmental releases is typically not 418 

available for every chemical substance.  419 

• Environmental monitoring: Chemicals present in the environment rarely exist in isolation. 420 

When reasonably available, environmental monitoring data such as measurements of chemical 421 

concentrations in ambient air, indoor air and dust, surface water, drinking water, and soils can 422 

provide evidence of the presence of multiple chemical substances in various environmental 423 

media. 424 

3.5 Additivity Considerations for Evaluating Cumulative Chemical 425 

Groups  426 

EPA mixtures guidance documents (U.S. EPA, 2000, 1986) describe several additivity approaches to 427 

evaluate multiple chemical substances for cumulative risk, including dose addition, response addition, 428 

and integrated addition, as well as approaches to account for toxicologic interactions. EPA’s default 429 

assumption when evaluating toxicologically similar chemical substances for cumulative risk is dose 430 

addition (U.S. EPA, 2000, 1986). Similarly, the WHO/IPCS and European Commission also recommend 431 

the use of dose addition as the default assumption for estimating risk from exposure to multiple chemical 432 

substances (Meek et al., 2011; European Commission, 2009). This default assumption is based on 433 

previous analyses of empirical data demonstrating that dose addition is broadly applicable and is a more 434 

conservative, health protective approach than response addition. 435 

 436 

EPA’s mixtures guidance documents also note that dose addition “provides a simple mathematical 437 

approach that attempts to estimate the outcomes of complex interactions among biological systems and 438 

combinations of chemicals from exposures in the environment” (U.S. EPA, 2000, 1986). The chemical 439 

substances in a mixture that are toxicologically similar are assumed to act as dilutions of one another. 440 

On the basis of dose addition, the response elicited by the mixture can be estimated by scaling 441 

component doses for differences in potency and summing the scaled doses; these scaled doses can be 442 

compared to a dose-response function to estimate risk or a health risk value. 443 

 444 

The Agency has used response addition when a group of chemical substances are toxicologically 445 

dissimilar and cause a common adverse health effect through different MOAs. For example, EPA’s 446 

Office of Land and Emergency Management (OLEM) regularly screens for total cancer risk at 447 

Superfund sites by summing chemical-specific cancer risks under an assumption of response addition 448 

(U.S. EPA, 1989). However, other approaches (e.g., dose addition or integrated addition) may be used to 449 

estimate total cancer risk when in accordance with the best available science and supported by the 450 

weight of scientific evidence.  451 
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Neither TSCA nor EPA’s Risk Evaluation Rule mandate the use of a specific additivity model or risk 452 

characterization approach to estimate cumulative hazard or risk (see p. 33,743 of 40 CFR 702). 453 

 454 

Consistent with Agency mixtures guidance documents (U.S. EPA, 2000, 1986), EPA plans to rely upon 455 

a default assumption of dose addition when conducting CRAs for cumulative chemical groups under 456 

TSCA, unless empirical evidence supports application of another approach (e.g., response addition or 457 

integrated addition, as described in (U.S. EPA, 2000)). Deciding, based on their toxicological similarity, 458 

which chemical substances to include in a cumulative chemical group that subsequently would be 459 

evaluated using dose additive models is an important element of a CRA. When available, various lines 460 

of evidence (see Section 3.4.1) can be used to evaluate the toxicological similarity and membership of a 461 

chemical substance in a cumulative chemical group. 462 

3.6 Addressing Data Gaps  463 

Section 4 of TSCA gives EPA the authority to issue test rules or orders, as appropriate, that require 464 

manufacturers (including importers) and processors to develop and submit information on chemical 465 

substances and mixtures to EPA [15 U.S.C. § 2603]. TSCA section 4(b) requires test rules and orders to 466 

include protocols and methodologies for the development of information for the identified chemical 467 

substance(s) or mixture(s); section 4(b)(2)(A) provides that the health and environmental effects for 468 

which such protocols and methodologies may be prescribed include “cumulative or synergistic effects.” 469 

EPA may use this authority to require the development of data to inform the toxicological similarity of a 470 

group of chemical substances undergoing risk evaluation in a CRA. Additionally, the Agency may use 471 

its test order authority to obtain further information on product formulation, emissions testing, and 472 

manufacturing process information to support evidence for co-exposure. 473 

3.7 Cumulative Risk Assessment Refinement Considerations  474 

Not all CRAs need to be of the same depth or scope (U.S. EPA, 2016; Meek et al., 2011; U.S. EPA, 475 

2002a). Tiered frameworks for evaluating risk from combined exposure to multiple chemicals have been 476 

developed by OPP (U.S. EPA, 2016) and the WHO/IPCS (Meek et al., 2011). The objective of those 477 

frameworks is to help assessors develop “fit for purpose” cumulative assessments. They employ 478 

hierarchical approaches in which tiered exposure and hazard assessment are conducted. With each tier, 479 

exposure and hazard assessments become more refined (i.e., less conservative and less uncertain). 480 

Because refinements to exposure and hazard assessments are resource intensive and may require large 481 

amounts of exposure and toxicology data, refinements are typically made when lower tier cumulative 482 

assessments that rely on highly conservative assumptions do not demonstrate an adequate margin of 483 

exposure (MOE). When conservative lower tier assessments indicate an adequate MOE, then a resource 484 

intensive, highly refined CRA may not be warranted. The availability of data for evidence of 485 

toxicological similarity and co-exposure will dictate the level of refinement of cumulative hazard and 486 

exposure assessments, and assessments may still be possible with limited data. For example, the 487 

WHO/IPCS framework (Meek et al., 2011) outlines various tiers of assessments based on data 488 

availability ranging from a Tier 0 exposure assessment using semiquantitative estimates based on 489 

limited data and simple assumptions, to Tier 3 exposure assessments that are probabilistic in nature and 490 

incorporate representative exposure data for relevant scenarios and populations. Similarly, Tier 0 hazard 491 

assessments may group chemical substances based on a conservative assumption of dose addition with 492 

limited evidence of toxicological similarity (e.g., predictive hazard tools might be used to group 493 

chemical substances based on similar target organ), while higher tier hazard assessments may 494 

incorporate more refined information on MOA or utilize physiologically-based pharmacokinetic or 495 

biologically-based dose response models that may allow for probabilistic estimates of hazard. 496 

  497 
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4 CHARACTERIZATION OF CUMULATIVE RISK UNDER TSCA 498 

In the Risk Evaluation Rule, EPA did not codify any specific risk characterization method (see 40 CFR 499 

702.43), thus allowing EPA the flexibility to select the most appropriate risk characterization method 500 

based on the best available science and the weight of the scientific evidence, per TSCA sections 26(h) 501 

and (i). As described in Section 3.5, when evaluating chemical substances for cumulative risk, EPA’s 502 

default approach is to rely upon an assumption of dose addition for toxicologically similar chemical 503 

substances unless empirical evidence supports application of another approach. This default is based on 504 

previous analyses of empirical data that have demonstrated that dose addition is broadly applicable and a 505 

health protective assumption. 506 

 507 

EPA regularly uses several approaches to estimate hazard or risk from exposure to multiple chemical 508 

substances that are based on an assumption of dose addition, including the hazard index (HI), relative 509 

potency factor (RPF), and margin of exposure (MOE) (U.S. EPA, 2001, 2000, 1986). For example, 510 

OLEM regularly uses the HI approach when evaluating multiple chemical substances in Superfund site 511 

risk assessments (U.S. EPA, 1989), while OPP often uses the RPF and MOE approaches to evaluate 512 

multiple pesticides when implementing the FQPA (U.S. EPA, 2002a). EPA’s mixtures guidance 513 

documents (U.S. EPA, 2000, 1986) provide detailed descriptions of these risk characterization 514 

approaches. Consistent with Agency guidance and current practice, EPA will consider the applicability 515 

of these approaches when conducting CRAs under TSCA. However, the Agency may consider other 516 

applicable approaches as the science evolves or if the best available science indicates that approaches 517 

based on response addition or integrated addition are more appropriate and are similarly or more health 518 

protective. 519 

  520 
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5 SUMMARY 521 

This draft document outlines the proposed principles of CRA as potentially conducted in support of 522 

TSCA risk evaluations and is being made available for public comment and peer review. As described in 523 

Section 1, EPA is not explicitly required to conduct CRAs under TSCA. However, TSCA does require 524 

EPA to consider reasonably available information and to use the best available science to ensure that 525 

decisions are based on the weight of the scientific evidence [15 U.S.C. § 2625(h), (i), (k)]. EPA 526 

recognizes that for some chemical substances, the best available science may indicate that the 527 

development of a CRA is appropriate to ensure that risk is adequately characterized. 528 

 529 

At this time, EPA is proposing to focus its CRA efforts on evaluating human health (not ecological taxa) 530 

following exposure to two or more chemical substances. As described in Section 3.4, toxicological 531 

similarity and evidence of co-exposure over a relevant timeframe will be the principal considerations 532 

when determining a cumulative chemical group for CRA under TSCA. Chemical groupings for CRA 533 

will be developed using a weight of evidence approach that characterizes the strengths and uncertainties 534 

of the evidence of toxicological similarity and potential co-exposure for each chemical substance 535 

considered. Consistent with Agency mixtures guidances (U.S. EPA, 2000, 1986), EPA will evaluate 536 

toxicologically similar chemical substances under an assumption of dose additivity when conducting 537 

CRAs in support of TSCA, unless empirical evidence supports application of another approach (see 538 

Section 3.5). 539 

 540 

EPA is soliciting comments from the SACC on charge questions and comments from the public for the 541 

SACC meeting scheduled on May 8–11, 2023.  542 

  543 
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Appendix A GLOSSARY OF KEY TERMS 600 

Additivity (U.S. EPA, 2007, 2000): “when the effect of the combination of chemicals can be estimated 601 

directly from the sum of the scaled exposure levels (dose addition) or of the responses (response 602 

addition) of the individual components.” 603 

 604 

Aggregate exposure (40 CFR § 702.33): “means the combined exposures to an individual from a single 605 

chemical substance across multiple routes and across multiple pathways.” 606 

 607 

Best available science (40 CFR § 702.33): “means science that is reliable and unbiased. Use of best 608 

available science involves the use of supporting studies conducted in accordance with sound and 609 

objective science practices, including, when available, peer reviewed science and supporting studies and 610 

data collected by accepted methods or best available methods (if the reliability of the method and the 611 

nature of the decision justifies use of the data). Additionally, EPA will consider as applicable:  612 

(1) The extent to which the scientific information, technical procedures, measures, methods, 613 

protocols, methodologies, or models employed to generate the information are reasonable for and 614 

consistent with the intended use of the information;  615 

(2) The extent to which the information is relevant for the Administrator's use in making a decision 616 

about a chemical substance or mixture;  617 

(3) The degree of clarity and completeness with which the data, assumptions, methods, quality 618 

assurance, and analyses employed to generate the information are documented;  619 

(4) The extent to which the variability and uncertainty in the information, or in the procedures, 620 

measures, methods, protocols, methodologies, or models, are evaluated and characterized; and  621 

(5) The extent of independent verification or peer review of the information or of the procedures, 622 

measures, methods, protocols, methodologies or models.” 623 

 624 

Biomonitoring (U.S. EPA, 2019): “measures the amount of a stressor in biological matrices.” 625 

 626 

Category of chemical substances (15 U.S.C. § 2625(c)(2)(A)): “means a group of chemical substances 627 

the members of which are similar in molecular structure, in physical, chemical, or biological properties, 628 

in use, or in mode of entrance into the human body or into the environment, or the members of which 629 

are in some other way suitable for classification as such for purposes of [TSCA], except that such term 630 

does not mean a group of chemical substances which are grouped together solely on the basis of their 631 

being new chemical substances.” 632 

 633 

Chemical substance (15 U.S.C. § 2602(2)): “means any organic or inorganic substance of a particular 634 

molecular identity, including—(i) any combination of such substances occurring in whole or in part as a 635 

result of a chemical reaction or occurring in nature, and (ii) any element or uncombined radical. Such 636 

term does not include—(i) any mixture, (ii) any pesticide (as defined in the Federal Insecticide, 637 

Fungicide, and Rodenticide Act [7 U.S.C. 136 et seq.]) when manufactured, processed, or distributed in 638 

commerce for use as a pesticide, (iii) tobacco or any tobacco product, (iv) any source material, special 639 

nuclear material, or byproduct material (as such terms are defined in the Atomic Energy Act of 1954 [42 640 

U.S.C. 2011 et seq.] and regulations issued under such Act), (v) any article the sale of which is subject 641 

to the tax imposed by section 4181 of the Internal Revenue Code of 1986 [26 U.S.C. 4181] (determined 642 

without regard to any exemptions from such tax provided by section 4182 or 4221 or any other 643 

provision of such Code) and any component of such an article (limited to shot shells, cartridges, and 644 

components of shot shells and cartridges), and (vi) any food, food additive, drug, cosmetic, or device (as 645 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=653775
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065850
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-R/part-702/subpart-B/section-702.33
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such terms are defined in section 201 of the Federal Food, Drug, and Cosmetic Act [21 U.S.C. 321]) 646 

when manufactured, processed, or distributed in commerce for use as a food, food additive, drug, 647 

cosmetic, or device.” 648 

 649 

Condition of use (COU) (40 CFR § 702.33): “means the circumstances, as determined by the 650 

Administrator, under which a chemical substance is intended, known, or reasonably foreseen to be 651 

manufactured, processed, distributed in commerce, used, or disposed of.” 652 

 653 

Consumer exposure (40 CFR § 711.3): Human exposure resulting from consumer use. This exposure 654 

includes passive exposure to consumer bystanders. 655 

 656 

Consumer use (40 CFR § 711.3): “means the use of a chemical substance or a mixture containing a 657 

chemical substance (including as part of an article) when sold to or made available to consumers for 658 

their use.” 659 

 660 

Cumulative impacts (U.S. EPA, 2022): “are defined as the totality of exposures to combinations of 661 

chemical and non-chemical stressors and their effects on health, well-being, and quality of life 662 

outcomes.” 663 

 664 

Cumulative impacts assessment (U.S. EPA, 2022): “a process of evaluating both quantitative and 665 

qualitative data representing cumulative impacts to inform a decision.” 666 

 667 

Cumulative risk (U.S. EPA, 2003): “The combined risks from aggregate exposures to multiple agents 668 

or stressors.” 669 

 670 

Cumulative risk assessment (CRA) (U.S. EPA, 2003): “An analysis, characterization, and possible 671 

quantification of the combined risks to health or the environment from multiple agents or stressors.” 672 

 673 

Dose additivity (U.S. EPA, 2007, 2003, 2000): when each chemical behaves as a concentration or 674 

dilution of every other chemical. The response of the combination of chemicals is the response expected 675 

from the equivalent dose of an index chemical (the chemical selected as a basis for standardization of 676 

toxicity of components in a mixture). The equivalent dose is the sum of component doses scaled by their 677 

toxic potency relative to the index chemical.” 678 

 679 

Fenceline exposure: General population exposures occuring in communities near facilities that emit or 680 

release chemicals to air, water, or land with which they may contact.  681 

  682 

Integrated addition: a hybrid additivity approach that incorporates both dose addition and response 683 

addition for dichotomous endpoints, thus, producing a mixture estimate that is the probabilistic risk of 684 

the adverse endpoint of concern. 685 

 686 

Margin of exposure (MOE) (U.S. EPA, 2002a): “a numerical value that characterizes the amount of 687 

safety to a toxic chemical–a ratio of a toxicological endpoint (usually a NOAEL [no observed adverse 688 

effect level]) to exposure. The MOE is a measure of how closely the exposure comes to the NOAEL.” 689 

 690 

Mixture (15 U.S.C. § 2602(10)): “means any combination of two or more chemical substances if the 691 

combination does not occur in nature and is not, in whole or in part, the result of a chemical reaction; 692 

except that such term does include any combination which occurs, in whole or in part, as a result of a 693 
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chemical reaction if none of the chemical substances comprising the combination is a new chemical 694 

substance and if the combination could have been manufactured for commercial purposes without a 695 

chemical reaction at the time the chemical substances comprising the combination were combined.” 696 

 697 

Mode of Action (MOA) (U.S. EPA, 2000): “a series of key events and processes starting with 698 

interaction of an agent with a cell, and proceeding through operational and anatomical changes causing 699 

disease formation.” 700 

 701 

Non-chemical stressors (U.S. EPA, 2022): “Non-chemical stressors are factors found in the built, 702 

natural, and social environments including physical factors such as noise, temperature, and humidity and 703 

psychosocial factors (e.g., poor diet, smoking, and illicit drug use).” 704 

 705 

Non-TSCA exposure: exposure that can be attributed to specific activities that are excluded from the 706 

TSCA definition of “chemical substance,” under TSCA Section 3(2), such as a pesticide, food, food 707 

additive, drug, cosmetic, or medical device. 708 

 709 

Occupational non-users (ONU): Employed persons who do not directly handle the chemical substance 710 

but may be indirectly exposed to it as part of their employment due to their proximity to the substance. 711 

 712 

Pathways (40 CFR § 702.33): “means the mode through which one is exposed to a chemical substance, 713 

including but not limited to: Food, water, soil, and air.” 714 

 715 

Point of departure (POD) (U.S. EPA, 2002a): “dose that can be considered to be in the range of 716 

observed responses, without significant extrapolation. A POD can be a data point or an estimated point 717 

that is derived from observed dose-response data. A POD is used to mark the beginning of extrapolation 718 

to determine risk associated with lower environmentally relevant human exposures.” 719 

 720 

Potentially exposed or susceptible subpopulations (PESS) (15 U.S.C. § 2602(12)): “means a group of 721 

individuals within the general population identified by the Agency who, due to either greater 722 

susceptibility or greater exposure, may be at greater risk than the general population of adverse health 723 

effects from exposure to a chemical substance or mixture, such as infants, children, pregnant women, 724 

workers, or the elderly.” 725 

 726 

Reasonably available information (40 CFR § 702.33): “means information that EPA possesses or can 727 

reasonably generate, obtain, and synthesize for use in risk evaluations, considering the deadlines 728 

specified in TSCA section 6(b)(4)(G) for completing such evaluation. Information that meets the terms 729 

of the preceding sentence is reasonably available information whether or not the information is 730 

confidential business information, that is protected from public disclosure under TSCA section 14.” 731 

 732 

Response addition (U.S. EPA, 2007, 2003, 2000): “When the toxic response (rate, incidence, risk, or 733 

probability of effects) from the combination is equal to the conditional sum of component responses as 734 

defined by the formula for the sum of independent event probabilities. For two chemical mixtures, the 735 

body’s response to the first chemical is the same whether or not the second chemical is present.” 736 

 737 

Routes (40 CFR § 702.33): “means the particular manner by which a chemical substance may contact 738 

the body, including absorption via ingestion, inhalation, or dermally (integument).” 739 

 740 
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Sentinel exposure (40 CFR § 702.33): “means the exposure from a single chemical substance that 741 

represents the plausible upper bound of exposure relative to all other exposures within a broad category 742 

of similar or related exposures.” 743 

 744 

Stressor (U.S. EPA, 2019): “Any chemical, physical or biological entity that induces an adverse 745 

response.” 746 

 747 

Toxicologic interactions (U.S. EPA, 2007, 2000): “Any toxic responses that are greater than or less 748 

than what is observed under an assumption of additivity.” 749 

 750 

Weight of the scientific evidence (40 CFR § 702.33): “means a systematic review method, applied in a 751 

manner suited to the nature of the evidence or decision, that uses a pre-established protocol to 752 

comprehensively, objectively, transparently, and consistently, identify and evaluate each stream of 753 

evidence, including strengths, limitations, and relevance of each study and to integrate evidence as 754 

necessary and appropriate based upon strengths, limitations, and relevance.” 755 
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