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1 INTRODUCTION

The U.S. EPA’s Office of Pollution Prevention and Toxics (OPPT) applies systematic review principles
in the development of risk evaluations under the amended Toxic Substances Control Act (TSCA). TSCA
section 26(h) requires EPA to use scientific information, technical procedures, measures, methods,
protocols, methodologies, and models consistent with the best available science and base decisions
under Section 6 on the weight of the scientific evidence. Within the TSCA risk evaluation context, the
weight of the scientific evidence is defined as “a systematic review method, applied in a manner suited
to the nature of the evidence or decision, that uses a pre-established protocol to comprehensively,
objectively, transparently, and consistently identify and evaluate each stream of evidence, including
strengths, limitations, and relevance of each study and to integrate evidence as necessary and appropriate
based upon strengths, limitations, and relevance” (40 CFR 702.33).

To meet the TSCA section 26(h) science standards, EPA used the TSCA systematic review process
described in the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical
Substances (U.S. EPA, 2021a) (hereinafter referred to as “2021 Draft Systematic Review Protocol”).
Section 3 of the 2021 Draft Systematic Review Protocol depicts the steps in which information is
identified and whether it undergoes the formal systematic review process (U.S. EPA, 2021a).
Information attained via the systematic review process is integrated with information attained from
sources of information that do not undergo systematic review (e.g., EPA-generated model outputs) to
support a weight of the scientific evidence analysis.

Scope Risk Evaluation
Systematic Review 8 Concliusions Fom e
. is
te o Characterization
1L't Hite 5 hi Test 7 Scientific Evidence eross Discinlinks
; eradure Snehihs Order/ Weight of Scientific Evidence Analysis* Analysis p
SLEEEE L Rule Data for each discipline and across disciplines
; Legend
2 4
Data Evaluation TSCA Process/Product 'Weight of Scientific
Evidence (WOSE)
! Evidence Integration of Systematic Review Step copsithrsine re.smts
icall X dd of the Systematic
3 Dt Extraction Systematically Reviewed data Reiicw mathadsand
(in scope chemicals) Non-Systematic Review .acidltlo?a(lj ;:-wdence
Step (may encompass Ir?oiirjsiem:zir?
systematic approaches) Favisn mothodg.
Data Gap filling from sources 6 Analysis oft_he
outside of the Systematic Review Evidence Integration of data - : WenEmayindude
: » Step utilizing Systematic evidence integration
process obtained outside of . P
P : . 2 3 Review and non- across disciplines.
(i.e., systematic approaches using
Systematic Review : :
model outputs, analogue, qualitative Systematic Review Results
information on a COU)

Figure 1-1. Overview of the TSCA Risk Evaluation Process with Identified Systematic Review
Steps

The process complements the risk evaluation process in that it is used to develop the exposure and
hazard assessments based on reasonably available information. EPA defines “reasonably available
information” to mean information that EPA possesses or can reasonably obtain and synthesize for use in
risk evaluations, considering the deadlines for completing the evaluation (40 CFR 702.33).
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2 CLARIFICATIONS AND UPDATES TO THE 2021 DRAFT
SYSTEMATIC REVIEW PROTOCOL

In 2021, EPA released the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for
Chemical Substances (U.S. EPA, 2021a), a framework of systematic review approaches under TSCA, to
address comments received on a precursor systematic review approaches framework, the Application of
Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018). In April 2022, the SACC provided
comments on the 2021 Draft Systematic Review Protocol and additional comments on OPPT’s
systematic review approaches were garnered during the public comment period. In lieu of an update to
the 2021 Draft Systematic Review Protocol, this systematic review protocol for the Risk Evaluation for
Diisononyl Phthalate (DINP) (U.S. EPA, 2024i) (hereinafter referred to as “Risk Evaluation for DINP”)
describes some clarifications and different approaches that were implemented than those described in
the 2021 Draft Systematic Review Protocol in response to (1) SACC comments, (2) public comments, or
(3) to reflect chemical-specific risk evaluation needs.

2.1 Clarifications

The chemical-specific systematic review protocol is used to transparently document any updates or
clarifications made to the systematic review process used for considering information identified for a
given TSCA risk evaluation, as compared to those published in the Draft Systematic Review Protocol
Supporting TSCA Risk Evaluations for Chemical Substances (U.S. EPA, 2021a). Throughout the 2021
Draft Systematic Review Protocol, there were some terms used that were not explicitly defined,
resulting in their different uses within the document (U.S. EPA, 2021a). Table 2-1 lists the terms that
were updated to resolve some of the confusion expressed by the public and SACC comments regarding
the implementation of the respective systematic review-related step. One main clarification is that all
references that undergo systematic review are considered for use in the risk evaluation, even those that
do not meet the various discipline and sub-discipline screening criteria or those that are categorized as
supplemental information at title and abstract (TIAB) or full-text screening.

Section 4.2.5 of the 2021 Draft Systematic Review Protocol describes how data sources (e.g., individual
references, databases) may be tagged and linked in when the same information is present in multiple
publications (U.S. EPA, 2021a). References will generally undergo data quality evaluation and
extraction if there are data that pass screening criteria; however, to prevent the same data from being
represented multiple times and conflating the amount of available information there is on a subject area,
if two or more references contain the same results tables, EPA selects the reference(s) that most
thoroughly describes the extractable results (indicated as the parent reference in DistillerSR). If two
references portray the same information from the same dataset, only one is counted in the overall dataset
(i.e., deduplication). If two references contain information about the same dataset, but one of those
references only provides additional contextual information or summary statistics (e.g., mean), both data
sources are linked but the extractable information from both may be combined in DistillerSR. This
enables the capture of key information while avoiding double-counting the data of interest. The linked
reference containing most of the data, which are evaluated and extracted, is identified in DistillerSR as
the parent reference; the “complementary child reference” in DistillerSR does not undergo independent
data evaluation and extraction but is evaluated and extracted in combination with the parent reference.
Linking the references in DistillerSR allows the reference with more limited information or only
contextual information to be tracked and utilized to evaluate the extracted data in the other related
studies. The child reference may undergo data quality evaluation and extraction if there are additional
unique and original data that pass screening criteria.
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Section 4.5 of the 2021 Draft Systematic Review Protocol describes how data may be obtained using
TSCA authorities and test orders. One update to that section is that in addition to requiring data
reporting under TSCA sections 4 (test order), 8(a) (Chemical Data Reporting) and 8(d) (Health and
Safety Data Reporting), EPA may also require data reporting under TSCA section 8(c) (Call-in of
Adverse Reactions Records). Appendix 5.3 also describes how information may be submitted to EPA
under other TSCA authorities (e.g., TSCA sections 4, 5, 6, 8(d) and 8 (e), as well as FYI submissions).

Section 5 of the 2021 Draft Systematic Review Protocol describes how EPA conducts data quality
evaluation of data/information sources considered for a respective chemical risk evaluation, with Section
5.2 specifically explaining the terminology used to describe both metric and overall data/information
source quality determinations (U.S. EPA, 2021a). To respond to both SACC and public comments
regarding the inappropriate use of quantitative methodologies to calculate both “metric rankings” and
“overall study rankings,” EPA decided to not implement quantitative methodologies to attain either
metric and overall data/information source quality determinations and therefore updated the
terminology used for both metric (“metric ranking”) and overall data/information source (“overall study
ranking”) quality determinations (Table 2-1). Subsequently terminology for both individual metric and
overall information source quality determinations has been updated to “metric rating” and “overall
quality determination,” respectively. The word “level” was also often used synonymously and
inconsistently with the word “ranking” in the 2021 Draft Systematic Review Protocol; that inconsistency
has been rectified, resulting in the word “level” no longer being used to indicate either metric or overall
data/information source quality determinations (U.S. EPA, 2021a).

Sections 4.3.2.1.3 and 6 of the 2021 Draft Systematic Review Protocol describe when EPA may reach
out to authors of data/information sources to obtain raw data or missing elements that are important to
support the data evaluation and data integration steps (U.S. EPA, 2021a). In such cases, the request(s)
for additional data/information, number of contact attempts, and responses from the authors are
documented. EPA’s outreach is considered unsuccessful if those contacted do not respond to email or
phone requests within one month of initial attempt(s) of contact. One important clarification to this
guidance is that EPA may reach out to authors anytime during the systematic review process for a given
data/information source or reference, and that contacting authors does not explicitly happen during the
data quality evaluation or extraction step.

Table 2-1. Terminology Clarifications between the 2021 Draft Systematic Review Protocol and the
Risk Evaluation for DINP

DINP Systematic
Review Protocol Clarification
Term Update

2021 Draft Systematic
Review Protocol Term

“Title and abstract” or “Title and abstract” To increase consistency, the term “title and abstract”
“title/abstract” will be used to refer to information specific to “title
and abstract” screening.

Variations of how Meets/does not meet | The term “include” or “exclude” falsely suggests that a
“include,” “on topic” or PECO?/PESO/RESO® | reference was or was not, respectively, considered in
“PECO*PESO"/RESO® screening criteria the risk evaluation. There was also confusion

relevant” implied a regarding whether “on topic” and

reference was considered “PECOYPESQOP/RESQ° relevant” were synonymous
for use in the risk and suggested those references were explicitly
evaluation, whereas considered for use in the risk evaluation (and by
“exclude,” “off topic™ or default, “off topic” and “not PECO*PESOP/RESO°®
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2021 Draft Systematic
Review Protocol Term

DINP Systematic
Review Protocol
Term Update

Clarification

“not PECO*PESO°/RESO®
relevant” implied a
reference was not
considered for use in the
risk evaluation.

relevant” references were not). References that meet
the screening criteria proceed to the next systematic
review step; however, all references that undergo
systematic review at any time are considered in the
risk evaluation. Information that is categorized as
supplemental or does not meet screening criteria are
generally less relevant for quantitative use in the risk
evaluation but may be considered if there is a data
need identified. For instance, mechanistic studies are
generally categorized as supplemental information at
either title and abstract or full-text screening steps but
may undergo the remaining systematic review steps if
there is a relevant data need for the risk evaluation
(e.g., dose response, mode of action).

Database source not unique
to a chemical

Database

Updated term and definition of “Database”: Data
obtained from databases that collate information for
the chemical of interest using methods that are
reasonable and consistent with sound scientific theory
and/or accepted approaches and are from sources
generally using sound methods and/or approaches
(e.g., state or federal governments, academia).
Example databases include STORET (STOrage and
RETrieval) and the Massachusetts Energy and
Environmental Affairs Data Portal.

The term in the 2021 Draft Systematic Review
Protocol (Table_Apx N-1) incorrectly suggested that
databases that contain information on a singular
chemical are not considered (U.S. EPA, 2021a).
Furthermore, the wording “large” was removed to
prevent confusion and the incorrect suggestion that
there is a data size requirement for databases that
contain information that may be considered for
systematic review.

Metric Ranking or Level

Metric Rating

As explained above, EPA is not implementing
quantitative methodologies to indicate metric quality
determinations, therefore the term “ranking” is
inappropriate. The term “level” was inconsistently
used to indicate metric quality determinations
previously; therefore, EPA is removing the use of this
term to reduce confusion when referring to metric
quality determinations. The term “Rating” is more
appropriate to indicate the use of professional
judgement to determine a quality level for individual
metrics.
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DINP Systematic
Review Protocol Clarification
Term Update

2021 Draft Systematic
Review Protocol Term

Overall Study Ranking or Overall Quality As explained above, EPA is not implementing

Level Determination (OQD) | quantitative methodologies to indicate overall
data/information source quality determinations,
therefore the term “ranking” is inappropriate. The term
“level” was inconsistently used to indicate overall
data/information source quality determinations
previously; therefore, EPA is removing the use of this
term to reduce confusion when referring to overall
data/information source quality determinations. The
term “Rating” is more appropriate to indicate the use
of professional judgement to determine a quality level
for the overall data/information source quality
determination.

Sub-discipline No change in term Sub-discipline explicitly indicates the two categories
of receptor-based studies relevant to evaluate human
health hazard (discipline): epidemiological (human
receptor) or human health animal model toxicological
studies (non-human animal receptor). Although
environmental hazard is a discipline, Appendix T
incorrectly suggested that environmental hazard is a
sub-discipline in the 2021 Draft Systematic Review
Protocol.

Evidence Stream No change in term Evidence streams were updated for both
environmental and human health hazard disciplines to
more appropriately categorize the hazardous endpoints
that were considered. Please see additional
descriptions of the evidence stream updates in Section
6.5 below.

2“PECQO” stands for Population, Exposure, Comparator or Scenario, and Outcomes.
b<“pESO” stands for Pathways or Processes, Exposure, Setting or Scenario, and Outcomes.
¢“RESO” stands for Receptors, Exposure, Setting or Scenario, and Outcomes.

3 DATA SEARCH

As described in Section 4 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a), EPA
conducts a comprehensive search for reasonably available information to support the TSCA risk
evaluations. Chemical-specific literature searches are conducted as described in Section 4.2.1 of the
2021 Draft Systematic Review Protocol for all disciplines (i.e., physical and chemical properties,
environmental fate and transport properties, engineering, exposure, environmental hazard, and human
health hazard) (U.S. EPA, 2021a). Additional details on the chemical verification process, and the
methodology used to search for chemical specific peer-reviewed and gray literature is available in
Sections 4.2 and 4.3 of the 2021 Draft Systematic Review Protocol, respectively (U.S. EPA, 2021a). The
search for peer-reviewed and gray literature relevant references was completed in September and May
2019, respectively. Appendix Section C.1.22 contains the specific search strings used to identify peer-
reviewed literature on DINP (U.S. EPA, 2021a). All reasonably available information submitted to EPA
under TSCA authorities was considered.
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3.1 Multi-Disciplinary Updates and Clarifications to the Data Search

For the Risk Evaluation for DINP (U.S. EPA, 20241), the literature search was conducted as described in
Section 4 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a), where the peer-reviewed
and gray literature updated search followed the approach outlined in Sections 4.2 and 4.3 of the 2021
Draft Systematic Review Protocol, respectively (U.S. EPA, 2021a). Occasionally additional data sources
relevant for the risk evaluation may be identified after the initial search for peer-reviewed and gray
literature; these data sources will then undergo systematic review for the relevant discipline(s).
Additionally, each discipline utilizes different strategies (e.g., search strings) to attain their discipline-
specific pools of data sources that undergo systematic review.

Updated Literature Search

An update to the peer literature search to capture information published since 2019 was performed in
June 2024 to identify any potential additional data sources that might not have been identified since the
original literature search was conducted in 2019 for the phthalates undergoing manufacturer-requested
risk evaluations (MRREs), namely DINP and diisodecyl phthalate (DIDP). Table 3-1 lists the details for
the DINP updated literature search which was targeted and focused on data sources that might support
general population, consumer, and environmental exposures as well as hazard data sources related to
environmental toxicity and animal toxicity informing human health hazard.

Table 3-1. Peer Literature Search Strategies for Diisononyl Phthalate (DINP)

Number

Source Search Strategy of results

ALL("DINP" OR "Diisononyl phthalate” OR "68515-48-0" OR "28553-12-0" OR
ProQuest ["Di-isononyl phthalate” OR "Diisononylphthalate” OR "C9 rich" OR "phthalate, 249
diisononyl" OR "Bis(7-methyloctyl) phthalate™)

("DINP"[tw] OR "Diisononyl phthalate"[tw] OR "68515-48-0"[rn] OR "28553-12-
PubMed [0"[rn] OR "Di-isononyl phthalate"[tw] OR "Diisononylphthalate"[tw] OR "C9 238
rich"[tw] OR "phthalate, diisononyl"[tw] OR "Bis(7-methyloctyl) phthalate"[tw])
TITLE-ABS("DINP" OR "Diisononyl phthalate” OR "68515-48-0" OR "28553-12-0"
Scopus |OR "Di-isononyl phthalate™ OR "Diisononylphthalate” OR "C9 rich" OR "phthalate, 381
diisononyl" OR "Bis(7-methyloctyl) phthalate")

TS=("DINP" OR "Diisononyl phthalate" OR "68515-48-0" OR "28553-12-0" OR
WoS |"Di-isononyl phthalate” OR "Diisononylphthalate™ OR "C9 rich" OR "phthalate, 333
diisononyl" OR "Bis(7-methyloctyl) phthalate")

Total

. Represents total across all databases. 521
Literature

SWIFT-Review Validation

EPA received comments regarding the lack of detail on the use and validation of SWIFT-Review to
determine discipline-specific peer-reviewed reference set considered for use in TSCA risk evaluations.
In response to those comments, EPA conducted validation exercises to clarify the search process and
build consistency among all the disciplines. The 2021 Draft Systematic Review Protocol contains
validation results for the use of SWIFT-Review to determine which peer-reviewed references may be
relevant for the characterization of occupational exposure and environmental releases and general
population, consumer, and environmental exposure for the respective chemical risk evaluations.
However, to expand upon the information provided in the 2021 Draft Systematic Review Protocol, EPA
validated references relevant for determining chemical-specific peer-reviewed reference set for the
characterization of physical and chemical properties, environmental fate and transport properties, and
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environmental and human health hazard. EPA manually screened the references that were found in the
overall peer-reviewed search results that did not undergo TIAB screening (i.e., references that were not
identified using a discipline-specific search string). If a reference that did not undergo further review
after TIAB screening was found to meet the screening criteria for a respective discipline (e.g., data
needs on physical chemical properties, environmental fate and transport properties, and environmental
and human health hazard) and identified for the chemical of interest, it was flagged as a false negative.
This analysis validated and verified the use of the search terms in SWIFT-Review, as it showed that less
than five percent of references were false negatives across all three disciplines. This method was
repeated for several of the TSCA High Priority Substances to build confidence in our discipline-specific
search strings.

Supplemental Filtering of 2019 Literature Search for Dermal Absorption

Dermal absorption studies are needed to accurately assess dermal exposure associated with specific
conditions of use. Typically, dermal absorption studies are identified as supplemental studies within the
human health hazard discipline using the hazard PECOs presented in Appendix H of the 2021 Draft
Systematic Review Protocol (U.S. EPA, 2021a). However, dermal absorption data may not meet the
screening criteria for other disciplines; these criteria are also presented in Appendix H of U.S. EPA

(2021a).

To identify any additional studies not found during hazard screening that might be potentially relevant
for characterizing dermal absorption and exposure, EPA developed a key word list (identified as a
search string in Section 3.7.1 below) and used SWIFT-Review to search/filter the data sources that were
previously identified in the DINP chemical search conducted in 2019. EPA followed processes
described in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a): Section 4.2.2 outlines
when EPA uses supplemental searching and filtering; and Section 4.2.4 presents the process of using
SWIFT-Review to filter data sources identified in the initial chemical search.

Additional Gray Literature Sources

Physical and Chemical Properties: In addition to the gray literature sources listed in Appendix E of the
2021 Draft Systematic Review Protocol, an additional database was added to the list of gray literature
sources for physical and chemical properties. The National Institutes for Standards and Technology
(NIST) Chemistry Webbook was searched in September 2021 to capture spectroscopic data, specifically
ultra-violet and visible absorption (UV-Vis) data, if recorded. This source may also provide
thermodynamic data that informs chemical stability and behavior under various conditions.

General Population, Consumer, and Environmental Exposure: In addition to the gray literature sources
listed in Appendix E of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a), three sources
were added in 2023 to capture database outputs from several governmental sources. All two datasets
were accessed directly and uploaded into HERO. EPA downloaded data from the Centers for Disease
Control (CDC) and Prevention’s National Health and Nutrition Examination Survey (NHANES) and the
Water Quality Portal (WQP), which results from a collaboration between EPA, the U.S. Geological
Survey, and the National Water Quality Monitoring Council. The other datasets included a technical
report on human biomonitoring of environmental chemicals in Canada which was conducted by the
Government of Canada along with an earlier report by Health Canada.

Because the literature pool for many chemicals, including DINP, includes a record from EPA’s
STORET database, which has been retired, EPA downloaded all the data for this chemical from the
WQP, the successor database that now contains data from STORET. This data was uploaded into HERO
and added to the literature pool that is considered for systematic review. In addition, to obtain
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information on DINP exposures to the U.S. population, EPA added data from the Centers for Disease
Control and Prevention’s National Health and Nutrition Examination Survey (NHANES) to its literature
set. Although NHANES did not contain relevant information on DINP, EPA did identify potentially
relevant information on its primary metabolites, Mono-isononyl phthalate (MiNP, MNP), Mono-
(carboxyisooctyl) phthalate (MCOP, MCiOP) and Mono-oxoisononyl phthalate (MONP, 7 oxo-
MMeOp, MOINP, 7-oxo-MiNP, oxo-MiNP). After entering the human body, DINP is metabolized into
MiNP, MCOP and MONP in urine. NHANES data on MiNP, MCOP and MONP were also evaluated as
part of the systematic review process for data on general population, consumer, and environmental
exposure. At the time of download, the three tables available from CDC included “Analysis of Whole
Blood, Serum, and Urine Samples, NHANES 1999-2018,” “Analysis of Pooled Serum Samples for
Select Chemicals, NHANES 2005-2016,” and “Analysis of Chemicals Found in Cigarette Smoke in a
Special Sample of U.S. Adults, NHANES 2011-2016.” Of these, the only dataset containing MiNP,
MCOP and MONP data was “Analysis of Whole Blood, Serum, and Urine Samples, NHANES 1999-
2018.” and the relevant NHANES data were also uploaded into HERO.

3.2 Physical and Chemical Properties

The search for peer-reviewed and gray literature are as described in Sections 4.2 and 4.3, respectively, in
the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). SWIFT-Review was used to identify
peer-reviewed references that are predicted to be the most relevant for evaluating physical and chemical
properties for DINP. Specifically, the search string used to identify data sources that potentially contain
physical and chemical property information on DINP in SWIFT-Review was developed by EPA’s ORD
in collaboration with Sciome and is presented in Appendix G, Section G-1, Table_Apx G-1 of the 2021
Draft Systematic Review Protocol (U.S. EPA, 2021a). As mentioned above in Section 3.1, the search
string used to identify potentially relevant peer-reviewed data references for evaluation of the physical
and chemical properties of DINP was validated. When the search string terms are identified in the title,
abstract or as a keyword of a given reference in SWIFT-Review, those references proceed with title and
abstract screening.

3.3 Environmental Fate and Transport Properties

The search for peer-reviewed and gray literature are as described in Sections 4.2 and 4.3, respectively, in
the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). Specifically, SWIFT-Review was used
to identify peer-reviewed references that are predicted to be the most relevant for evaluating
environmental fate and transport properties for DINP The search string used for environmental fate and
transport literature in SWIFT-Review was developed by EPA’s ORD in collaboration with Sciome and
is presented in Appendix G, Section G.2, Table_Apx G2 of the 2021 Draft Systematic Review Protocol
(U.S. EPA, 2021a). As mentioned above in Section 3.1, the search string used to identify potentially
relevant peer-reviewed data references for evaluation of the environmental fate and transport properties
of DINP were validated. When the search string terms are identified in the title, abstract or as a keyword
of a given reference in SWIFT-Review, those references proceed with TIAB screening.

3.4 Environmental Release and Occupational Exposure

The searches for peer-reviewed and gray literature are described in Sections 4.2 and 4.3, respectively, in
the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). Specifically, SWIFT-Review was used
to identify peer-reviewed references that are predicted to be the most relevant for evaluating
environmental release and occupational exposure for the Risk Evaluation for DINP (U.S. EPA, 2024d,
1). As described in Sections 4.2.4.2 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a),
EPA identified on-topic and off-topic references from the broad search results of the DINP peer-
reviewed literature as positive and negative “seeds” to classify which references contained
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environmental release and occupational exposure to prioritize for further review. When the relevant
references were identified in SWIFT Review, those references proceeded with title and abstract
screening.

3.5 General Population, Consumer, and Environmental Exposure

The peer-reviewed and gray literature searches for general population, consumer, and environmental
exposure are as described in Sections 4.2 and 4.3, respectively, in the 2021 Draft Systematic Review
Protocol (U.S. EPA, 2021a). Specifically, SWIFT-Review was used to identify peer-reviewed references
that are predicted to be the most relevant for evaluating general population, consumer, and
environmental exposures to DINP. As described in Sections 4.2.4.2 of the 2021 Draft Systematic
Review Protocol (U.S. EPA, 2021a), EPA identified on-topic and off-topic references from the broad
search results of the peer-reviewed literature as positive and negative “seeds” to classify which
references on general population, consumer, and environmental exposures to prioritize for further
review. As noted previously in Section 3.1, two additional references were added to the literature search
protocol to capture database data from the WQP and NHANES. The database data were compared to
other database and monitoring data found during the literature search to ensure no duplication of data. A
record from a predecessor database to Water Quality Portal, EPA’s STORET database, that was found
during the literature search was not counted as a separate reference, to avoid double-counting data.
There were no other changes to the process identified in the 2021 Draft Systematic Review Protocol for
information considered for the evaluation of general population, consumer, and environmental exposure
to DINP (U.S. EPA, 2021a).

3.5.1 General Population, Consumer, and Environmental Exposure Updated Literature
Search Strings

The updated peer-reviewed literature search performed in June 2024 to identify references about
ambient air, indoor dust, water, soil, sediment, and biomonitoring (urine and human milk) for DINP
used the search strings listed in Table 3-2. A total of 145 references were identified using these search
strings.

Table 3-2. Targeted Peer Literature Search Strategies for Diisononyl Phthalate (DINP)

Discipline | Targeted Area Search Strategy

tiab:(("airborne" OR "airflow" OR "air flow" OR "atmosphere" OR "atmospheric"
OR "pm10" OR "pm(10)" OR "pm2.5" OR "pm(2.5)" OR ("air" AND
("particulate*" OR "outdoor" OR "particle” OR "gaseous" OR "sampl*")) OR
"ambient air" OR "fume*") NOT "marine air")

Exposure | Ambient Air

tiab:("dust" OR "dusts" OR "dusthin*" OR "dusty" OR "housedust*" OR "house
Exposure | Indoor Dust [dust" OR "surface dust" OR "vacuum bag" OR "vacuum filter") OR
tiab:("dust*" AND ("wipe" OR "HVAC" OR "particle size™))

tiab:("water*" AND ("distribution system™ OR "raw" OR "filtration" OR
"immediate consumption™)) OR

tiab:("community water*" OR "direct water*" OR "filtered water*" OR "potable
water*" OR "tapwater*" OR "tap water*" OR "total water*" OR "water supply"
OR "water supplies” OR "waterwork*" OR "water work*" OR "wellwater*" OR
Exposure Water "well water*" OR "drinking water" OR "bottled water" OR "consumer tap water"
OR "drinking water treatment plant™) OR

tiab:("water treatment” AND "drinking™)

tiab:("effluent*" OR "potw*" OR "reclaimed water*" OR "sewage*" OR "sewer*"
OR "wastewater*" OR "waste water*" OR "wrrf*" OR "wwtp*" OR "off-gas" OR
"nonpotable” OR "industrial wastewater" OR "influent")
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tiab:("freshwater*" OR "fresh water*" OR "indirect water*" OR "irrigation
water*" OR "meltwater*" OR "melt water*" OR "natural water*" OR "overland
flow*" OR "recreation* water*" OR "riverine water*" OR "riverwater*" OR "river
water*" OR "springwater*" OR "spring water*" OR "stormwater*" OR "storm
water*" OR "surface runoff*" OR "surface water*" OR "marine air" OR "coast"
OR "drinking water source*") OR ("sampl*" AND ("snow" OR "seawater" OR
"lake" OR "river" OR "watershed" OR "stream™*"))

tiab:("'groundwater*" OR "ground water*" OR "monitoring well” OR "wells" OR
"well water" OR "wellwater" OR "recharge"” OR "underground” OR "aquifer" OR
"infiltration” OR "basin™ OR (“field" AND "water"))

tiab:("silt*" OR "soil*" OR "TSP" OR "porewater" OR "pore water" OR "soil gas"
OR "soil vapor" OR "subsurface soil" OR "surface soil" OR "soil amendment” OR

Exposure Soil "amended soil*" OR "biosolid*" OR "compost" OR "fertilizer" OR "manure" OR
"deposition™)
tiab:(("sediment*" OR ("bed" AND "sediment*") OR "bottom subsurface” OR
. "bottom surface™ OR "porewater” OR "pore water") AND ("particulate matter" OR
Exposure Sediment

"bioconcentrat*" OR "concentrat*" OR "level” OR "levels" OR "suspended” OR
"sampl*"))

Biomonitoring
Exposure — Urine,
Human Milk

tiab:("dose" OR "doses" OR "dosing" OR "dosage*" OR "expose" OR "exposed"
OR "exposing" OR "exposure™ OR "daily dos*" OR "daily intake" OR "kg/d" OR
"kg/day" OR "g/d" OR "g/day" OR "mg/d" OR "mg/day" OR "ug/d" OR "ug/day"
OR "pg/d" OR "pg/day" OR "I/d" OR "l/day" OR "ml/d" OR "ml/day" OR "ul/d"
OR "ul/day" OR "ul/d" OR "ul/day" OR "exposure time" OR "inhalation rate" OR
"food intake™ OR "water intake™ OR "soil intake rate” OR "dust" OR "intake rate"
OR "skin absorption" OR "dermal absorption fraction" OR "skin permeation
coefficient” OR "liquid-phase transfer coefficient*" OR "gas-phase transfer
coefficient*" OR "overall mass transfer coefficients" OR "KOL" OR "solid-phase
diffusion coefficient” OR "material-air partition coefficient" OR "gas-phase mass
transfer coefficient” OR "equilibrium partition coefficient" OR "permeability
coefficient” OR ("Kp" AND ("skin" OR "neat" OR "aqueous")) OR "average daily
dose" OR "lifetime average daily dose" OR "dosimetry"” OR "average daily dose"
OR "LADD" OR "metabolite*" OR "BW" OR "body weight" OR "acute exposure"
OR "chronic exposure" OR "activity pattern™ OR "cumulative exposure” OR
"aggregate exposure” OR "exposure duration” OR "personal exposure” OR
"exposure factor” OR "exposure event” OR "exposure frequency"” OR
"assessment™ OR "benchmark dose” OR "time averaged exposure” OR "TWA" OR
"bioavailability” OR "exposure pathway" OR "reference concentration*" OR
"reference dose" OR "sampl*") AND ("human milk™" OR "breast fed" OR "breast
feed*" OR "breastfeed*" OR "breastmilk™ OR "breast milk" OR "urine” OR
"urinary")

tiab:(("biological marker*" OR "biomonitor*" OR "bio-monitor*" OR "biological
monitor*" OR "biomark*" OR "bio-mark*" OR "bio mark*" OR "NHANES" OR
"bioaccum*"* OR "bio-accum*") AND ("human milk" OR "breast fed" OR "breast
feed*" OR "breastfeed*" OR "breastmilk” OR "breast milk" OR "urine" OR
"urinary™))

Total Results by Discipline

General Population, Consumer, and Environmental
145 references

Exposures

3.6 Environmental and Human Health Hazard

The search for peer-reviewed and gray literature were completed as described in Sections 4.2 and 4.3,
respectively, in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). Specifically, SWIFT-
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Review was used to identify peer-reviewed references that are predicted to be the most relevant for
evaluating environmental and human health hazard for DINP. Specifically, search strings were
developed for the two hazard disciplines by EPA’s Office of Research and Development (ORD) in
collaboration with SWIFT-Review developer, Sciome. As mentioned above in Section 3.1, the search
string used to identify potentially relevant peer-reviewed data references for evaluation of the
environmental and human health hazard of DINP were validated. When the search string terms are
identified in the title, abstract or as a keyword of a given reference in SWIFT-Review, those references
proceed with TIAB screening. The environmental and human health hazard search strings are provided
online.

As described in Sections 6.5.1 and 6.5.2, data needs were identified during evidence integration, where
information from sources that either did or did not undergo systematic review on DINP was considered.

3.6.1 Environmental and Human Health Hazard Updated Literature Search Strings

The updated peer-reviewed literature search performed in June 2024 to identify new hazard information
relevant to environmental toxicity and animal toxicity informing human health hazard used a targeted
approach to fill data gaps for DINP. As such, hazard information for environmental toxicity was focused
on identifying sediment invertebrate data and used the search strings listed in Table 3-3. Hazard search
strings for animal toxicity informing human health hazard focused on liver toxicity,
reproduction/developmental toxicity, endocrine disruption, cancer, kidney toxicity, neurodevelopmental
toxicity, and cardiovascular; the search strings for each of these targeted areas are listed in Table 3-3. A
total of 153 references and 115 references were identified through the targeted search for environmental
toxicity and animal toxicity informing human health hazard, respectively.

The updated literature search conducted in June 2024 to identify new information that would fill data
gaps for human health hazard did not include a search targeted on epidemiological studies because such
data would not have had a quantitative impact on the human health hazard assessment as described in
the Human Health Hazard Assessment for Diisononyl Phthalate (DINP) (U.S. EPA, 2024f).

Table 3-3. Targeted Peer Literature Search Strategies for Diisononyl Phthalate (DINP)

Discipline Targeted Area Search Strategy

tiab:("Sediment invertebrate*" OR "Benthic invertebrate*" OR "Deposit-
feed*" OR "Filter-feed*" OR "Bottom-dwelling" OR "Sea anemone*"
OR "coral” OR "corals" OR "sea star*" OR "sea urchin*" OR ("sediment"
AND ("worm" OR "worms" OR "sponge*" OR "snail*" OR "beetle*"
Environmental Sediment OR "insect larva*")) OR "bivalve*" OR "crab" OR "crabs" OR

Toxicology Invertebrates "Dragonfly larva*" OR "stonefly larva*" OR "mayflies” OR "mayfly" OR
"caddisflies" OR "caddisfly" OR "midge*" OR "freshwater clam*" OR
"mussel*" OR "crayfish" OR "crustacean*" OR "arthropod*" OR
"cnidarian*" OR "bryozoan*" OR "polychaete*" OR "amphipod*" OR
"Fish" OR "Fishes" OR "Shrimp" OR "Oyster*" OR "Barnacle*")

tiab:("liver" OR "hepati*" OR "hepato*")

tiab:("acute cholecystitis" OR "alcoholic liver disease” OR "biliary
atresia" OR "biliary tract" OR "bilirubin" OR "budd-chiari syndrome" OR
"cholangiocarcinoma" OR "cholecystitis" OR "choledochal cyst" OR
"choledocholithiasis" OR "cholelithiasis" OR "cholestasis" OR
"cirrhosis" OR "drug-induced liver injury™ OR "eclampsia™ OR "fatty
liver" OR "fibrosis" OR "gallbladder" OR "gallstone*" OR "glutathione™
OR "glycogen" OR "graft vs host disease™ OR "haemochromatosis” OR
"hemochromatosis" OR "hepacivirus" OR "hepatectom*" OR "hepatic"

Animal Liver Tox/
Toxicity Hepatic
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OR "hepatic veno-occlusive disease" OR "hepatitis a" OR "hepatitis b"
OR "hepatitis ¢" OR "hepatitis d" OR "hepatitis " OR "hepatocellular
carcinoma” OR "hepatolenticular degeneration” OR "hyperemia” OR
"intrahepat*" OR "jaundice" OR "liver failure™ OR "nonalcoholic fatty
liver disease™ OR "oligodendroglioma™ OR "peliosis hepatis” OR "pre-
eclampsia” OR "primary sclerosing cholangitis” OR ("autoimmune™ AND
"hepatitis") OR ("biliary" AND "atresia") OR ("gallbladder" AND
("disorder*" OR "disease*" OR "carcinoma*")) OR ("secondary” AND
"biliary" AND "cirrhosis") OR ("sinusoidal™ AND "obstruction" AND
"syndrome") OR (“primary” AND "biliary” AND "cirrhosis") OR ("bile"
AND "duct*" AND "extrahepatic") OR ("bile" AND ("metabolism™ OR
"formation™)) OR ("biliary tract” AND ("congenital” OR "tumor*" OR
"tumour*" OR "neoplasm*")) OR (“centrilobular" AND "necrosis'") OR
("cholestasis™ AND "intrahepatic™) OR (“chronic” AND "cholecystitis")
OR ("liver" AND ("impaired" AND ("blood" OR "flow" OR
"circulation" OR "circulatory™))) OR ("liver" AND ("cysts" OR "cyst"
OR "nodular" OR "hyperplasia*" OR "nodule” OR "rejection” OR
"tumor*" OR "tumour*" OR "disease*" OR "disorder*" OR ("wilson*"
AND "disease") OR ("passive" AND "congestion™))) OR (("portal vein"
OR ("portal” AND "vein")) AND ("obstruction" OR "thrombosis")) OR
("thrombosis” AND ("vena" AND "cava" AND "inferior")))

Animal
Toxicity

Reproduction/
Developmental

tiab:("reproduction” OR "reproductive" OR "reproduc*" OR
"developmental™ OR "development” OR "offspring” OR "genotox*")
tiab:("abort*" OR "abruptio placentae™ OR "adenocarcinoma rete test"
OR "adenocarcinoma situ” OR "adnexa uteri" OR "aging" OR
"alkaptonur*" OR "amniotic fluid embolism” OR "androgen” OR
"anencephal*" OR "angiomyolipoma" OR "anomal* pulmonar*" OR
"aortic coarctat*" OR "arteriosu*" OR "arterioven*" OR "asexual
reproduction™ OR "atresia” OR "atrial septal” OR "atrioventricular septal
defect" OR "autosom* domin* polycyst*" OR "azoospermia" OR
"bartholin's gland*" OR "biological metamorphosis" OR "body
patterning” OR "body size" OR "breast” OR "breast feeding" OR "breech
presentation” OR "broad ligament™ OR "bulbourethral gland*" OR
"calcium oxal*" OR "cell growth™ OR "cephalopelvic disproportion” OR
"ceroid lipofuscinos” OR "cervic*" OR "cervix" OR "cesarean section"
OR "chiari malform™ OR "chorea gravidarum" OR "chorioamnionitis"
OR "choriocarcinoma™ OR "chronic allograft" OR "chronic pyelonephr*"
OR "cleft lip" OR "cleidocran™ OR "cleidocran dysostos™ OR "cleidocran
dysplasia™ OR "climacteric" OR "clitoris" OR "clubfoot” OR "coarctat*
aorta” OR "coitus" OR "congenit*" OR "conjoin* twin*" OR "cysti*" OR
"ductu arteriosu™ OR "dural arterioven*" OR "dystocia" OR "echogenic
bowel" OR "eclampsia™ OR "ectop*" OR "ejaculation” OR "ejaculatory
ducts" OR "embryo loss" OR "embry* development™ OR "endocardi
cushion" OR "endocrin* neoplasia”" OR "endometri*" OR "epidermolysi
bullosa™ OR “epididymis” OR "extraembryonic membrane*" OR
"fallopian tubes" OR "fertil*" OR "fibrosi" OR "trimester" OR "focal
segment glomeruloscleros™ OR "follicl* stimul* hormon*" OR "follicular
atresia" OR "fontan" OR "foramen oval" OR "foreskin" OR
"gametogenesis” OR "genet counsel” OR "genet diseas*" OR "genit*"
OR "germination™ OR "gestat™ trophoblast*" OR "gestational diabetes"
OR "glomerulonephr*" OR "growth™ OR "gynaecolog*" OR
"gynecolog*" OR "haemochromatos™ OR "heart defect*" OR
"hemodialys*" OR "hemophilia" OR "hereditar*" OR "hydrocel*" OR
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"hymen" OR "hyperemesis gravidarum™ OR "hypophosphatasia” OR
"hypospadia” OR "infertil*" OR "insemination" OR "interstit* cystit*"
OR "intrahepat* cholestas*" OR "intrauterin*" OR "invers* uteru*" OR
"juxtaglomerular cell tumor" OR "lactation™ OR "leydig cells" OR "long
gt" OR "longevity" OR "male reproduct*" OR "mammar*" OR
"mannosidos” OR "mastitis” OR "maternal death™ OR "maternal
phenylketonuria™ OR "meckel” OR "menstruation” OR "milk ejection
OR "morphogenesis” OR "multipl* endocrin* neoplasia™ OR "multipl*
pterygium syndrom>" OR "muscular dystroph*" OR "myelomeningocel"
OR "myometrium" OR "myoton dystroph™ OR "neonat*" OR "neoplasia
type" OR "neurofibromatos™ OR "neuron ceroid lipofuscinos™ OR
"nipple*" OR "nuchal cord” OR "oligohydramnios™ OR "organ size" OR
"osteogenesi imperfecta” OR "ovar*" OR "oviposition" OR "ovulation"
OR "patent ductu arteriosu™ OR "patent foramen" OR "patient cystic
fibrosi” OR "pelvic" OR "pelvic floor disorders” OR "pemphigoid
gestationis™ OR "penicillin therap* syphilis*" OR "penile erection” OR
"penis" OR "perinat* mortal*" OR "phenylketonuria" OR "physiologic
calcification" OR "placent*" OR "polyhydramnios” OR "porphyria” OR
"postpartum depression” OR "postpartum haemorrhage" OR "postpartum
hemorrhage™" OR "postpartum thyroiditis" OR "preeclampsia” OR "pre-
eclampsia” OR "pregnanc*" OR "prematur*" OR "prenatal injur*" OR
"primari hyperoxaluria” OR "prostate™ OR "protein ¢ defici*" OR
"puberty" OR "pubic symphysis diastasis" OR "puerperal disorders" OR
"puerperal infection™ OR "pulmonar arterioven™ OR "pulmonar atresia™
OR "pyelectasis” OR "gt syndrom™ OR "reflux nephropath*" OR "renal
failure patient" OR "renal replac* therap*" OR "reproduction” OR
"reproductive behavior" OR "reproductive behaviour" OR "reproductive
physiological processes” OR "retained placenta” OR "rete testis" OR
"retin pigmentosa" OR "retinopath prematur” OR "retrolent fibroplasia"
OR "round ligament" OR "salping" OR "sclerosi complex" OR "scrotum"
OR "semin plasma™ OR "seminal vesicles" OR "seminiferous tubules"
OR "septal defect" OR "sertoli cells" OR "sex determination processes"
OR "sex differentiation" OR "sexual development" OR "sexual
maturation” OR "shock wave lithotrips" OR "sperm™ OR "spermatic
cord" OR "spinal muscular atrophy" OR "testi*" OR "tetralog" OR
"thalassemia" OR "tooth calcification" OR "toxemia" OR "trisomy" OR
"trophoblast*" OR "tropism" OR "tuber sclerosi" OR "urem*" OR
"ureterocel™ children” OR "urethra” OR "uteri*" OR "uteru*" OR
"vagin*" OR "varicocel*" OR "vas deferens" OR "vasa previa" OR
"vascular malform*" OR "ventricular septal defect" OR "vesico* ureter*
reflux" OR "vesicoureter" OR "vulva" OR "testes" OR "sexual behavior"
OR "gonad*" OR "maternal exposure” OR "teratogen*" OR
"karyotyping" OR "micronucleus test*" OR "DNA damag*")

tiab: (("fetal” OR "foetal") AND ("alcohol syndrome" OR "death" OR
"disease*" OR "growth" OR "hypoxia" OR "macrosomia™ OR "nutrition
disorder*" OR "resorption" OR "development" OR "growth™ OR "growth
restrict*" OR "lung*" OR "viability" OR "growth retard*" OR
"membrane” OR "resorption” OR "erythroblastosis"))

Animal
Toxicity

Endocrine
Disruption

tiab:(“endocrine™ OR "endocrine disruption” OR "EDC" OR "endocrine-
disrupt*" OR "endocrine disruptor*")

tiab:(("Addison*" AND "disease") OR "acinar cell" OR "adenoma" OR
"adren*" OR "adrenal gland*" OR "aldos reductas" OR "brenner tumor"
OR "chromaffin cell*" OR "chromaffin paraganglia” OR "chromaffin
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system™ OR "clinic* endocrin*" OR "cushing" OR "cushing* syndrome™
OR "cystic neoplasm™ OR "diabet*" OR "endocrin*" OR
"enterochromaffin cell*" OR "enterochromaffin-like cell*" OR
"enteroendocrine cell*" OR "epididymis"” OR "estradiol” OR "estrogen"
OR "follicular thyroid™ OR "gastrin-secreting cell*" OR "germ cell
tumor" OR "germ cell tumour" OR "gland" OR "glucagon-secreting
cell*" OR "glycemia" OR "goiter" OR "gonad*" OR "granulosa cell" OR
"growth hormon*" OR "hormone antagonist*" OR "hyperglycemia" OR
"hyperparathyroid" OR "hyperthyroid" OR "hypoparathyroid" OR
"hypothalamo-hypophyseal system™ OR "hypothyroid" OR "insulin” OR
"insulin-secreting cell*" OR "islet cell" OR "islets of langerhans" OR
"medullar carcinoma™ OR "medullar thyroid” OR "metabo*" OR
"metabolism" OR "neoplasia type 1" OR "neurosecretory system*" OR
"pancreas” OR "pancreat*" OR "pancreatic polypeptide-secreting cell*"
OR "papillar carcinoma" OR "papillar thyroid” OR "para-aortic bodies"
OR "parathyroid" OR "parathyroid gland*" OR "pheochromocytoma" OR
"pineal gland™ OR "pituit*" OR "pituitary gland” OR "pituitary-adrenal
system™ OR "polycyst*" OR "prediabet*" OR "proinsulin” OR
"seminiferous tubule*" OR "somatostatin-secreting cell*" OR "testicular"
OR "thyroglobulin” OR "thyroid" OR "thyroid gland" OR "testosterone™)

Animal
Toxicity

Cancer

tiab:("acanthoma*" OR "acrochordon*" OR "acrospiroma*" OR "acute
myeloid" OR "adamantinoma*" OR "adenoacanthoma*" OR
"adenoameloblastoma*" OR "adenocanthoma*" OR "adenocarcinoma*"
OR "adenofibroma*" OR "adenolipoma*" OR "adenolymphoma*" OR
"adenoma*" OR "adenomyoepithelioma*" OR "adenomyoma*" OR
"adenosarcoma*" OR "adenosis" OR "aesthesioneuroblastoma*" OR
"ameloblastoma*" OR "amyloidos*" OR "anaplasia" OR
"androblastoma*" OR "angioblastoma*" OR "angioendothelioma*" OR
"angiofibroma*" OR "angiofibrosarcoma*" OR "angiogenesis inducing
agent*" OR "angiokeratoma*" OR "angioleiomyoma*" OR
"angiolipoma*" OR "angioma*" OR "angiomyolipoma*" OR
"angiomyoma*" OR "angiomyxoma*" OR "angioreticuloma*" OR
"angiosarcoma*" OR "antiangiogen" OR "apoptosi” OR "apudoma*" OR
"argentaffinoma*" OR "arrhenoblastoma*" OR "astroblastoma*" OR
"astrocytoma*" OR "astroglioma*" OR "baltoma" OR "basiloma*" OR
"benign" OR "blastoma*" OR "BRCA1" OR "BRCA2" OR "Buschke-
Lowenstein" OR "cancer*" OR "carcino*" OR "“cavernoma*" OR
"cementoma*" OR "cerebellar medulloblastoma™ OR "ceruminoma*" OR
"chemodectoma*" OR "chemotherap*" OR "cherubism™ OR "chloroma*"
OR "cholangiocarcinoma*" OR "cholangiohepatoma" OR
"cholangioma*" OR "cholangiosarcoma” OR "cholesteatoma*" OR
"chondroblastoma*" OR "chondroma*" OR "chondrosarcoma*" OR
"chordoma*" OR "chorioadenoma*" OR "chorioangioma*" OR
"choriocarcinoma*" OR "chorioepithelioma*" OR "chorionepithelioma*"
OR "choristoma*" OR "chromaffinoma*" OR "chromosome aberration*"
OR "cocarcinogenesis" OR "collagenoma*" OR "colon polyp*" OR
"comedocarcinoma*" OR "condyloma*" OR "corticotropinoma*" OR
"craniopharyngioma*" OR "cylindroma*" OR "cystadenocarcinoma*"
OR "cystadenofibroma*" OR "cystadenoma*" OR "cystoma*" OR
"cystosarcoma*" OR "dentinoma*" OR "dermatofibroma*" OR
"dermatofibrosarcoma*" OR "dermoid" OR "dictyoma" OR
"dysgerminoma*" OR "dyskeratoma*" OR "dysmyelopoiesis" OR
"ectomesenchymoma*" OR "elastofibroma*" OR "ellison syndrome” OR
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"enchondroma*" OR "endothelioma*" OR "ependymoblastoma*" OR
"ependymoma*" OR "epidermoid" OR "epithelioma*" OR
"erythroleukaemia*" OR "erythroleukemia*" OR "erythroplakia*" OR
"erythroplasia” OR "esthesioneuroblastoma*" OR
"esthesioneuroepithelioma*" OR "ewing sarcoma™ OR "exostosis” OR
"fibroadenoma*" OR "fibroadenosarcoma*" OR "fibroadenosis" OR
"fibrochondrosarcoma” OR "fibroelastoma*" OR "fibroepithelioma*" OR
"fibrofolliculoma*" OR "fibroid*" OR "fibrolipoma*" OR
"fibroliposarcoma” OR "fibroma*" OR "fibromyoma*" OR
"fibromyxolipoma™ OR "fibromyxoma*" OR "fibroodontoma*" OR
"fibrosarcoma*" OR "fibrothecoma*" OR "fibroxanthoma*" OR
"fibroxanthosarcoma*" OR "fluorouracil” OR "ganglioblastoma*" OR
"gangliocytoma*" OR "ganglioglioma*" OR "ganglioneuroblastoma*"
OR "ganglioneurofibroma*" OR "ganglioneuroma*" OR "gastrinoma*"
OR "genotox*" OR "germinoma*" OR "giant cell tumor" OR
"glioblastoma*" OR "gliofibroma*" OR "glioma*" OR "glioneuroma*"
OR "gliosarcoma*" OR "glomangioma*" OR "glomangiomyoma*" OR
"glomangiosarcoma*" OR "glucagonoma*" OR "gonadoblastoma*" OR
"gonocytoma*" OR "granuloma*" OR "gynaecomastia" OR
"gynandroblastoma™ OR "gynecomastia” OR "haemangioblastoma*" OR
"haemangioma*" OR "haemangiopericytoma*" OR
"haemangiosarcoma*" OR "hamartoma*" OR "hemangioblastoma*" OR
"hemangioendothelioma*" OR "hemangioendotheliosarcoma*" OR
"hemangioma*" OR "hemangiopericytoma*" OR
"hemangioperithelioma™ OR "hemangiosarcoma*" OR
"hepatoblastoma*" OR "hepatocarcinoma*" OR
"hepatocholangiocarcinoma*" OR "hepatoma*" OR "hibernoma*" OR
"hidradenoma*" OR "hidrocystoma*" OR "histiocytoma*" OR
"hodgkin*" OR "hydradenoma*" OR "hypernephroma*" OR
"immunocytoma” OR "insulinomas™ OR "keratoacanthoma*" OR
"leiomyoblastoma*" OR "leiomyofibroma*" OR "leiomyoma*" OR
"leiomyosarcoma*" OR "leukaemia*" OR "leukemia*" OR
"leukoplakia*" OR "leukostasis" OR "lipoadenoma*" OR
"lipoblastoma*" OR "lipoma*" OR "liposarcoma*" OR "luteinoma” OR
"luteoma*" OR "lymphangioendothelioma*" OR
"lymphangioleiomyomatosis" OR "lymphangioma*" OR
"lymphangiomyoma*" OR "lymphangiosarcoma*" OR
"lymphoepithelioma*" OR "lymphoma*" OR "lymphoprolif*" OR
"lymphoscintigraphic” OR "lymphoscintigraphy" OR
"macroglobulinemia*" OR "macroprolactinoma™ OR "malignan*" OR
"maltoma*" OR "masculinovoblastoma” OR "mastocytoma*" OR
"mastocytosis” OR "medulloblastoma*" OR "medullocytoma*" OR
"medulloepithelioma*" OR "medullomyoblastoma*" OR "meigs-
syndrome" OR "melanoacanthoma*" OR "melanoameloblastoma” OR
"melanocytoma*" OR "melanoma*" OR "meningioblastoma™" OR
"meningioma*" OR "mesenchymoma*" OR "mesonephroma*" OR
"mesothelioma*" OR "metaplasia” OR "metastat*" OR "microglioma*"
OR "micrometast*" OR "Mutagen*" OR "myelodysplas*" OR
"myelofibrosis" OR "myelolipoma*" OR "myeloma*" OR
"myeloprolifer*" OR "myelosuppression” OR "myoblastoma*" OR
"myoepithelioma*" OR "myofibroblastoma*" OR "myofibroma*" OR
"myofibrosarcoma*" OR "myolipoma*" OR "myoma*" OR
"myosarcoma*" OR "myxofibroma*" OR "myxolipoma*" OR
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"myxoliposarcoma” OR "myxoma*" OR "neoplas*" OR
"nephroblastoma*"' OR "neurilemmoma*" OR "neurilemoma*" OR
"neurinoma*" OR "neuroblastoma*" OR "neurocytoma*" OR
"neuroepithelioma*" OR "neurofibroma*" OR "neurofibrosarcoma*" OR
"neurolipocytoma” OR "neuroma*" OR "neuronevus” OR
"neurothekeoma*" OR "non-hodgkin*" OR "nonseminoma*" OR
"odontoameloblastoma™” OR "odontoma™ OR "oligoastrocytoma*" OR
"oligodendroglioma*" OR "oncocytoma*" OR "oncolog*" OR
"orchioblastoma*" OR "osteoblastoma*" OR "osteochondroma*" OR
"osteochondrosarcoma*" OR "osteoclastoma*" OR "osteofibrosarcoma”
OR "osteoma*" OR "osteosarcoma*" OR "pancreatoblastoma*" OR
"papilloma*" OR "parachordoma*" OR "paraganglioma*" OR
"paraneoplastic” OR "perineurioma*" OR "peutzjeghers" OR
"phaeochromocytoma*" OR "pheochromoblastoma*" OR
"pheochromocytoma*" OR "pilomatricoma*" OR "pilomatrixoma*" OR
"pinealblastoma” OR "pinealoblastoma*" OR "pinealoma*" OR
"pineoblastoma*" OR "pineocytoma*" OR "plasmacytoma*" OR "pleural
mesothelioma” OR "plexiform neurofibroma"” OR "pneumoblastoma*"
OR "pneumocytoma" OR "polyembryoma*" OR "polyhistioma*" OR
"polyposis” OR "porocarcinoma*" OR "poroma*" OR "precancer*" OR
"radiotherap*" OR "reninoma*" OR "reticuloendothelioma*" OR
"reticulohistiocytoma*" OR "retinoblastoma*" OR "rhabdomyoma*" OR
"rhabdomyosarcoma*" OR "rhabdosarcoma*" OR "sarcoma*" OR
"schwannoma*" OR "seminoma*" OR "sezary-syndrome" OR "small
hepatocellular" OR "somatostatinoma*" OR "somatotropinoma*" OR
"spermatocytoma" OR "spiradenoma*" OR "splenic cyst" OR
""spongioblastoma*" OR "squamou*" OR "steatocystoma*" OR
"subependymoma*" OR "syringadenoma*" OR "syringocystadenoma*"
OR "syringoma*" OR "teratocarcinoma*" OR "teratoma*" OR
"thecoma*" OR "thymolipoma*" OR "thymoma*" OR "trichilemmoma*"
OR "trichoadenoma’ OR "trichoblastoma*" OR "trichodiscoma*" OR
"trichoepithelioma*" OR "trichofolliculoma*" OR "tricholemmoma*"
OR "tumor*" OR "tumour*" OR "vipoma*" OR "waldenstrom*" OR
"xanthoastrocytoma*" OR "xanthofibroma*" OR "xanthogranuloma*"
OR "xanthoma*" OR "xanthosarcoma*" OR "zolling ellison")

Animal
Toxicity

Kidney/Renal

tiab:("kidney*" OR ("kidney*" AND ("calculi" OR "disease*" OR
"stone*" OR "disorder*")) OR "urolithiasis" OR "angiomyolipoma" OR
"bladder*" OR "dialys*" OR "glomerulonephr*" OR "nephropath*" OR
"glomerul*" OR "goodpasture syndrome" OR "hemofiltr*" OR
"incontin*" OR "nephrotox*" OR "nephrectom*" OR "nephrit*" OR
"pyelonephr*" OR "ureter" OR "urethr*" OR "urinar*" OR "urolog*" OR
("renal™ AND ("calculi" OR "disease*" OR "stone*" OR "dysplasia™))
OR "renal” OR "urinary" OR "urologic disease*" OR "uropath*" OR
"urine" OR "*uria")

Animal
Toxicity

Neurodevelopmental

tiab:(("brain™ AND "edema™) OR ("brain™ AND "injur*") OR
("intracranial” AND ("pressure” OR "hypertension™)) OR
"acetylcholinesterase” OR "ADHD" OR "alzheim*" OR "amnesia" OR
"amyloid" OR "anorex*" OR "antipsycho*" OR "anxiety" OR "aphasia"
OR "apolipoprotein e" OR "asperger*" OR "asthenia" OR "auditory
hallucin*" OR "autism" OR "autist*" OR "beta amyloid" OR "bipolar"
OR "brain™ OR "brain dysfunct*" OR "brain edema™ OR "brain injuries"
OR "bulimia" OR "cataton*" OR "cerebral edema” OR "cerebral oedema
OR "cholinesterase*" OR "compuls*" OR "dandy walker syndrome™" OR
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"delirium” OR "dementia” OR "dystonia" OR "fear" OR "forebrain" OR
"fragile x" OR "frontotempor*" OR "fugu state" OR "huntington*" OR
"hydrocephalus™ OR "hydromyelia" OR "hypomania™ OR "joubert
syndrome” OR "mania"” OR "manic" OR "melanchol*" OR "meningitis*"
OR "mood" OR "motor develop*" OR "nervosa” OR "neural tube” OR
"neural tube defect” OR "neuro*" OR "neurodevelopment*" OR
"neurofibrillar*" OR "neurolept*" OR "neuropsychology*" OR
"neurotoxin*" OR "obsess*" OR "OCD" OR "olanzapin” OR
"oligophrenia" OR "paranoi*" OR "parkinson*" OR "phenylketonuria"
OR "phobia™ OR "phobic” OR "pica" OR "presenilin™ OR "prion" OR
"prosencephalon™ OR "psycho*" OR "psychogen*" OR "psychology*"
OR "psychomotor develop*" OR "retrograde amnesia"” OR "rett
syndrome" OR "reuptake inhibitor" OR "risperidon” OR "schizo*" OR
"serotonin reuptake” OR "serotonin syndrome” OR "Sjogren-Larsson
syndrome" OR "soto syndrome” OR "spongiform encephalopath*" OR
"suicid*" OR "syringomyelia" OR "tourett*" OR "toxic psychos*" OR
"transient global amnesia™ OR "x syndrome")

Animal
Toxicity

Cardiovascular

tiab:("ac inhibitor" OR "aneurysm" OR "angina" OR "angioplast*" OR
"antiarrhythm*" OR "anticoagul*" OR "aorta” OR "aortic" OR
"arrhythmia" OR "arteries" OR "arterioscleros*" OR "artery" OR
"atherogenes*" OR "atheroma" OR "atherosclero*" OR "atria" OR
"atrial" OR "blood pressure” OR "blood vessel*" OR "brugada
syndrome” OR "budd chiari" OR "cardiac” OR "cardiogen* shock” OR
"cardiolog*" OR "cardiomyocyt*" OR "cardiomyopath*" OR
"cardioprotect*" OR "cardiopulmonar*" OR "cardiovascular” OR
"carotid" OR "cerebr* vasospasm™ OR "cerebr* venou*" OR "congest*
heart" OR "coronar*" OR "deep vein thrombos*" OR "defibril*" OR
"ECG" OR "echocardiograph*" OR "embol*" OR "endarterectom*" OR
"endocard*" OR "fibrinolyt*" OR "glomerular filtration barrier" OR
"heart" OR "hemodialys*" OR "hemodynam*>" OR "hyperkalemia" OR
"hypertens*" OR "hypertroph*" OR "hypotens*" OR "infarct*" OR
"ischem*" OR "microvessel*" OR "mitral” OR "multiple myeloma" OR
"myocardi*" OR "papillar*" OR "parkinson white syndrome" OR
"pector*" OR "pericard*" OR "pulmonar*" OR "stroke" OR
"subarachnoid hemorrhag*" OR "supraventricular" OR "tachycardi*" OR
"thromboembol*" OR "thrombolys*" OR "thrombolyt*" OR "thrombos*"
OR "varicos*" OR "vasa nervorum" OR "vasa vasorum" OR "vascular"
OR "vasospasm™ OR "vein*" OR "venou*" OR "ventricular")
tiab:("heart" AND ("disease*" OR "rate*" OR "failure*" OR "valve*" OR
"ventricle*" OR "septum" OR "atria*" OR "atrium'))

Total Results by Discipline

Environmental Toxicology 153 references

Animal Toxicology 115 references

3.7 Dermal Absorption

As explained above in Section 3.1, EPA used a key word list (search string) to filter the literature
identified in the 2019 DINP search to find potentially relevant information for the characterization of
dermal absorption of DINP. The search string is listed below (Section 3.7.1).

3.7.1 Dermal Absorption Search String

"Dermal flux™ OR "Skin flux" OR "Dermal penetration” OR "Skin penetration" OR "Dermal absorption
fraction™ OR "Absorption fraction" OR "Neat Kp" OR "Aqueous Kp" OR "Kp" OR "Skin permeability
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coefficient” OR "Permeability coefficient” OR "Skin permeation coefficient” OR "Permeation
coefficient” OR "Skin permeation™ OR "Skin absorption” OR "Dermal absorption” OR "Dermal
permeation" OR "OECD 427" OR "OECD 428~

4 DATA SCREENING

Sections 4.2.5 and 4.3.2 of the 2021 Draft Systematic Review Protocol describe how TIAB and full-text
screening respectively, are conducted to identify references that may contain relevant information for
use in risk evaluations under TSCA using discipline-specific screening criteria (U.S. EPA, 2021a).
Specifically, TIAB screening efforts may be conducted using the specialized web-based software
programs DistillerSR! and SWIFT-Active-Screener,? 2 and the below sub-sections will describe whether
TIAB screening was done manually in DistillerSR or utilized machine learning to help prioritize
reference screening in SWIFT-Active-Screener. Additional details on how SWIFT Active-Screener
utilizes a machine-learning algorithm to automatically compute which unscreened documents are most
likely to be relevant* are available in Section 4.2.5 of the 2021 Draft Systematic Review Protocol (U.S.
EPA, 2021a). During TIAB screening, if it was unclear whether a reference met the screening criteria
(e.g., PECO/RESO/PESO statements) without having the full reference to review, or if a reference was
determined to meet the screening criteria, that reference advanced to full-text screening if the full
reference could be retrieved and generated into a Portable Document Format (PDF).

Literature inventory trees were introduced in the scoping process for the risk evaluations that began
systematic review in 2019 in response to comments received from the SACC and public to better
illustrate how references underwent various systematic review steps (e.g., TIAB and full-text screening).
As explained in Section 2.1.2 of the Final Scope of the Risk Evaluation for Di-isononyl Phthalate
(DINP) (U.S. EPA, 2021b), literature inventory trees demonstrate how references that meet screening
criteria progress to the next systematic review step. EPA used the Health Assessment Workplace
Collaborative (HAWC) tool to develop web-based literature inventory trees that enhance the
transparency of the decisions resulting from the screening processes. Additional references that EPA has
obtained via public comments, other sources (e.g., assessor identified, TSCA submissions), and/or the
updated literature search were also considered in the systematic review process and are reflected in the
interactive HAWC hyperlinks available in the figure captions below each respective literature inventory
tree. The web-based interactive literature inventory trees in HAWC also allow users to directly access
the references in the Health & Environmental Research Online (HERO) database (more details available
in Section 1 of the 2021 Draft Systematic Review Protocol). Instructions for accessing information
about references and data sources in each node via HERO are available in HAWC for each respective
literature inventory tree. Each node indicates whether a reference has met screening criteria at different
screening steps and/or contains types of content that may be discerned at that respective systematic
review step (U.S. EPA, 2021a). Furthermore, the sum of the numbers for the various nodes in the

1 As noted on the DistillerSR web page, this systematic review software “automates the management of literature collection,
triage, and assessment using Al and intelligent workflows...to produce transparent, audit ready, and compliant literature
reviews.” EPA uses DistillerSR to manage the workflow related to screening and evaluating references; the literature search
is conducted external to DistillerSR.

2 SWIFT-Active Screener is another systematic review software that EPA is adopting in the TSCA systematic review
process. From Sciome’s SWIFT-Active Screener web page: “As screening proceeds, reviewers include or exclude articles
while an underlying statistical model in SWIFT-Active Screener automatically computes which of the remaining unscreened
documents are most likely to be relevant. This ‘Active Learning’ model is continuously updated during screening, improving
its performance with each reference reviewed. Meanwhile, a separate statistical model estimates the number of relevant
articles remaining in the unscreened document list.”

3 SWIFT is an acronym for “Sciome Workbench for Interactive Computer-Facilitated Text-mining.” SWIFT-Active Screener
uses machine learning approaches to save screeners’ time and effort.

4 Description comes from the SWIFT-Active Screener web page.
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literature inventory trees may be smaller or larger than the preceding node because some studies may
have unclear relevance or be relevant for many categories of information. The screening process for
each discipline varies and the nodes in the literature inventory tree indicate the screening decisions
determined for each reference and whether specific content could be determined,; if no references had a
specific screening decision and/or contained specific content relevant for a respective discipline, a node
will not be present on the literature tree to depict this.

Occasionally, a data source may be identified through the search for potentially relevant peer-reviewed
and gray literature or submissions to the Agency (e.g., data gathering efforts under TSCA and FIFRA
authorities), however EPA elected to identify each data source once in a respective discipline literature
inventory tree and attributed to one data source type node (e.g., peer, gray, MRRE, TSCA) as to not
conflate the amount of reasonably available potentially relevant information about a given chemical and
topic area. EPA changed direction in how the data sources were visually represented in the discipline-
specific literature inventory trees between publishing the draft (U.S. EPA, 2024i) and final versions of
the Risk Evaluation for DINP (U.S. EPA, 2024t) to focus on the portrayal of the screening decision
reached during TIAB and full-text screening for a given reference, rather than distinguishing how a data
source came to be considered by EPA for a respective risk evaluation since the data source type nodes
were not all encompassing of other ways in which EPA became aware of a data source (e.g., public
comments). For the Draft Risk Evaluation of DINP (U.S. EPA, 20241), the following hierarchy was used
to categorize data sources identified by or submitted to EPA multiple times for all literature inventory
trees (i.e., if identified in the peer-reviewed literature search and submitted via TSCA submissions, the
data source would be categorized in the Peer-Review node); (1) Peer-Review, (2) Gray, (3) TSCA, (4)
FIFRA, and (5) MRRE. This approach did not change for the final version of the Risk Evaluation for
DINP (U.S. EPA, 2024t) for the literature inventory trees pertaining to dermal absorption, physical and
chemical properties, and environmental fate and transport properties. For the final version of the Risk
Evaluation for DINP (U.S. EPA, 2024t), literature inventory trees pertaining to the characterization of
occupational exposure and environmental releases, general population, consumer and environmental
exposure, and environmental and human health hazard were updated, and all references were
categorized into either the Peer-Review or Gray Literature nodes, as appropriate. For additional
information on the different ways in which a respective data source was identified by or submitted to
EPA to be considered for the risk evaluation, upon accessing the interactive literature inventory tree in
HAWC (available in the caption of each respective static literature inventory tree below) and selecting a
data source of interest, one may see the HERO tags associated with how the data source was identified
by or submitted to EPA under different data gathering authorities (e.g., “FIFRA Studies”, “TSCA
Literature™).

Occasionally some references or data sources are identified in the literature search because of the
availability of the title and abstract, however EPA may not be able to always locate the entire or original
version. Therefore, references or data sources that meet TIAB screening criteria may be unattainable for
full-text screening. The “PDF not available” node within the literature inventory tree refers to references
that were identified in the literature search, but which EPA was unable to obtain the entire reference or
source of information.

While all information contained in references that enter systematic review is considered for use in the
risk evaluation, the references that satisfy the screening criteria are generally deemed to contain the most
relevant and useful information for characterizing the uses of, exposure to, and hazard associated with a
chemical of interest and are generally utilized in the risk evaluation or to identify further data needs. On
the other hand, data or information sources that do not satisfy the screening criteria outlined below may
undergo data quality evaluation and extraction should a data need arise for the risk evaluation.
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4.1 Multi-disciplinary Updates and Clarifications to the Data Screening

As stated above in Section 1, all references that are found in the initial chemical-specific searches are
considered for use in the respective chemical risk evaluation. Previously Section 4.2.5 of the 2021 Draft
Systematic Review Protocol explained that references tagged as potentially having supplemental
information may be considered for data quality evaluation and extraction. However, one clarification to
that description is that even references that are tagged as not meeting TIAB or full-text screening criteria
(e.g., PECO/PESO/RESO) for a respective discipline or sub-discipline may also undergo additional
screening to meet information needs that were not stated in the original screening criteria and be
considered for data quality evaluation and extraction, should there be additional relevant information
that may not have met the original screening criteria.

Section 3.1 described that an updated peer literature search was conducted in July 2024 to identify any
potential additional data sources that might not have been identified since the original literature search
was conducted in 2019. This updated literature search was targeted and focused on data sources
supporting general population, consumer, and environmental exposures as well as hazard data sources
related to environmental toxicity and animal toxicity informing human health hazard. References from
the updated literature search identified to potentially have information on general population, consumer,
and environmental exposures were screened as previously described in Section 4.2.5 and Appendix H.4
of the 2021 Draft Systematic Review Protocol. As described in Section 4.6.1 an updated hazard PECO
statement was developed to screen references from the updated literature search identified as potentially
having hazard information related to environmental toxicity and animal toxicity informing human health
hazard. This updated hazard PECO statement was employed to prioritize and narrow down references
that were most relevant and filled data gaps.

4.2 Physical and Chemical Properties

During data screening, EPA followed the process described in Appendix H, Section H-1 of the 2021
Draft Systematic Review Protocol (U.S. EPA, 2021a), to conduct title and abstract and full-text
screening for DINP guided by the data or information needs on various physical and chemical properties
or endpoints as listed in Table_Apx H-1 of the protocol. The same screening criteria was used during
TIAB and full-text screening for references considered for the evaluation of physical and chemical
properties of DINP. Title and abstract screening were performed using SWIFT Active-Screener. Upon
meeting screening criteria during full-text screening, data or information sources then undergo data
quality evaluation and extraction. Figure 4-1 presents the number of references that report general
physical and chemical property information that fulfilled the data needs for DINP and passed these
criteria for TIAB and full-text screening.
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Figure 4-1. Literature Inventory Tree — Physical and Chemical Properties for DINP

View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from
the publicly available databases and gray literature reference searches that were included in systematic review as
of January 31, 2024. Some studies may be found through multiple searches and may have more than one source

tag in HERO.
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4.3 Environmental Fate and Transport Properties

During data screening, EPA followed the process described in Appendix H, Section H.2 of the 2021
Draft Systematic Review Protocol (U.S. EPA, 2021a), to conduct TIAB and full-text screening for DINP
literature search results, as guided by the PESO statement. PESO stands for Pathways or Processes,
Exposure, Setting or Scenario, and Qutcomes (see Table_Apx H2 in 2021 Draft Systematic Review
Protocol). The same PESO screening criteria was used during TIAB and full-text screening for
references considered for the evaluation of environmental fate and transport properties of DINP. TIAB
screening was performed using SWIFT Active-Screener. Data or information sources that comply with
the screening criteria specified in the PESO statement then undergo data quality evaluation and
extraction. Figure 4-2 presents the number of references that report DINP fate processes and endpoints,
or environmental and exposure pathways that passed PESO screening criteria at TIAB and full-text
screening.
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Figure 4-2. Literature Inventory Tree — Environmental Fate and Transport Properties for DINP
View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from
the publicly available databases and gray literature references searches that were included in systematic review as

of March 23, 2024.
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4.4 Environmental Release and Occupational Exposure

During data screening, EPA followed the process described in Appendix H, Section H.3 of the 2021
Draft Systematic Review Protocol (U.S. EPA, 2021a), to conduct title and abstract, and full-text
screening for DINP literature search results, as guided by the RESO statement. RESO stands for
Receptors, Exposure, Setting or Scenario, and Qutcomes. The same RESO statement was used during
title and abstract, and full-text screening for references considered for the evaluation of environmental
release and occupational exposure information for DINP. TIAB were performed using SWIFT Active-
Screener. Data or information sources that comply with the screening criteria specified in the RESO
statement then undergo data quality evaluation and extraction. Figure 4-3 presents the number of
references that report general engineering data, environmental release, and occupational exposure data
that passed RESO screening criteria at TIAB, and full-text screening.
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Figure 4-3. Literature Inventory Tree — Environmental Release and Occupational Exposure for

DINP

View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from
the publicly available databases and gray literature references searches that were included in systematic review as
of September 23, 2024.
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4.5 General Population, Consumer, and Environmental Exposure

During data screening, EPA followed the process described in Appendix H.4 of the 2021 Draft
Systematic Review Protocol (U.S. EPA, 2021a), to conduct TIAB and full-text screening for DINP
literature search results, as guided by the PECO statement. PECO stands for Population, Exposure,
Comparator or Scenario, and Qutcomes for Exposure Concentration or Dose. The same PECO statement
was used during TIAB and full-text screening for references considered for the evaluation of general
population, consumer, and environmental exposure information for DINP. TIAB screening was
performed using SWIFT Active-Screener. Figure 4-4 presents the number of references that report
general population, consumer, and environmental exposure data that passed PECO screening criteria at

TIAB and full-text screening.
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Figure 4-4. Literature Inventory Tree — General Population, Consumer, and Environmental

Exposure Search Results for DINP
View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from

the publicly available databases and gray literature references searches that were included in systematic review as
of September 23, 2024.
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4.5.1 Further Filtering: General Population, Consumer, and Environmental Exposure

A targeted approach was implemented to the systematic review of DINP references for certain media
types based on the priorities and rationales to address key data needs for the exposure assessment
(Figure 4-4). References that met the PECO screening criteria and were categorized as having exposure
information for the evaluation of exposure studies went through a fit-for-purpose further filtering step to
determine which studies would move forward to data quality evaluation and data extraction.

As summarized in Section 10.2 of the Environmental Media and General Population Exposure for
Diisononyl Phthalate (DINP) (U.S. EPA, 2024c), EPA focused on U.S. studies to compare against
EPA’s own analysis of NHANES biomonitoring data. DINP concentrations in ambient air, surface
water, sediment, soil, landfills, and biosolids were gathered and summarized within each environmental
media pathway within the Environmental Media and General Population Exposure for Diisononyl
Phthalate (DINP) (U.S. EPA, 2024c). The sources and approaches to gather monitoring data from peer-
reviewed publications, government reports, and/or databases were classified as monitoring and mainly
used to compare with modeling results or to support qualitative assessments. Consumer products
containing DINP were identified through review and searches of a variety of sources, such as completed
assessments and 2016 and 2020 Chemical Data Reporting (U.S. EPA, 2020, 2016). General population
and environmental exposures were evaluated for the inhalation, dermal, and ingestion exposure
pathways based on environmental release data. In summary, modeled environmental release estimates
were used as inputs for the general population exposure modeling. To evaluate general population and
environmental exposures based on measured and predicted concentrations of DINP in ambient air,
reported measured concentrations for ambient air found in the peer-review literature from the systematic
review and the estimated ambient air concentrations from Section 3.1 and 3.2 of the Risk Evaluation for
DINP (U.S. EPA, 2024i) were used. EPA evaluated general population exposure to DINP through
ingestion of indoor dust based on measured concentrations of DINP in representative residential
scenarios. Section 3.4 of the Risk Evaluation for DINP (U.S. EPA, 2024i) summarizes the indoor dust
concentration data that was identified during systematic review. To assess environmental exposure, EPA
prioritized measured concentrations of DINP within published literature for surface water, precipitation,
and sediment.

4.6 Environmental and Human Health Hazard

During data screening of the references identified in the original literature search in 2019, EPA followed
the process described in Appendix H.5.11 of the 2021 Draft Systematic Review Protocol (U.S. EPA
2021a), to conduct TIAB and full-text screening for DINP literature search results. In addition to DINP,
the PECO statement for phthalates in Appendix H.5.11 also included the various other phthalates that
are undergoing a risk evaluation under TSCA: dibutyl phthalate, butyl benzyl phthalate, diethylhexyl
phthalate, di-isobutyl phthalate, dicyclohexyl phthalate, and diisodecyl phthalate. PECO stands for
Population, Exposure, Comparator or Scenario, and Qutcomes for Exposure Concentration or Dose. The
same PECO statement was used during TIAB and full-text screening for references considered for the
evaluation of environmental and human health hazard resulting from exposure to DINP. For TIAB
screening, EPA utilized machine learning to help prioritize reference screening in SWIFT-Active-
Screener. Full-text screening occurred in DistillerSR for references that either met the PECO screening
criteria during TIAB screening or if it was unclear to EPA whether the reference would meet the PECO
screening criteria based on the information available in the title and abstract.

Although the PECO statement provided in Appendix H.5.11 of the 2021 Draft Systematic Review
Protocol (U.S. EPA, 2021a) was used during TIAB and full-text screening, there is one clarification.
Under the Exposure PECO element, EPA listed the relevant forms for the various phthalates, including
DINP, undergoing a risk evaluation under TSCA. For human (epidemiological) studies, the criteria for
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the Exposure PECO element also included exposure as measured by common metabolites that were
described as being specified in a list. However, the list of common metabolites of each phthalate
(including DINP) was inadvertently omitted from Appendix H.5.11 of the 2021 Draft Systematic
Review Protocol. Therefore, listed here is the common metabolite of DINP that EPA considered during
the screening of epidemiological studies: mono-iso-nonylphthalate (MINP).

As described in Sections 3.1and 3.6.1, in addition to the sources identified in the original literature
search in 2019, EPA conducted an updated literature search for peer-reviewed literature in June 2024.
The PECO statement used to conduct TIAB and full-text screening for the updated literature search was
updated from what was published in Appendix H.5.11 of the 2021 Draft Systematic Review Protocol
(U.S. EPA, 2021a). Specific updates to the PECO screening criteria that were used to screen references
from the updated literature search in June 2024 are described below in Section 4.6.1.

Figure 4-5 represents the number of references at TIAB and full-text screening for DINP that report
environmental and human health hazard data that met the original PECO screening criteria for
references identified in the original literature search in 2019 as well as hazard data that met the updated
PECO screening criteria for the references identified in the updated literature search in 2024. As
described above, references that EPA has obtained via public comments, other sources (e.g., assessor
identified, TSCA submissions), and/or the updated literature search were also considered in the
systematic review process and are reflected in the interactive HAWC hyperlinks available in the figure
caption below each respective literature inventory tree. In Figure 4-5, one unique exception is a
reference with animal toxicity data informing human health hazard (HERO ID 12066298) that was
screened as part of the systematic review process and identified as supplemental with mechanistic
information but was not included in Figure 4-5 because the study was considered after the literature
inventory tree had been produced. For additional clarification (most relevant for the interactive literature
inventory tree in HAWC), there are five manufacturer-submitted references that in Figure 4-5 appear in
the 'Supplemental at TIAB Screening' node in the hazard literature inventory tree that should appear in
the 'Supplemental at FT Screening' node instead because they comprise gray literature and as such
entered the systematic review process at full-text screening. During full-text screening, the screeners
identified that three out of five references had no original data (Dekant, 2012; ExxonMobil, 2010;
CPSC, 1998), one had ADME data (Koch et al., 2007), and one was a conference abstract (Mckee et al.
2005).
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Figure 4-5. Literature Inventory Tree — Environmental and Human Health Hazard for DINP
View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from
the publicly available databases and gray literature references that were included in systematic review as of
November 22, 2024. HERO ID 12066298 is an exception and not included in the literature tree (static or
interactive) because it was considered after the literature inventory tree was produced but was screened and

identified as supplemental information.
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4.6.1 Hazard Targeted PECO Screening Criteria Updates

As stated in the previous paragraph, for references identified during the updated peer literature search in
June 2024, EPA updated the PECO statement for DINP (Table 4-1 and Table 4-2). The screening
criteria were developed as a targeted approach to prioritize the information that was most relevant and
presented new information for characterizing both environmental and human health hazard for the risk
evaluation for DINP. Because sometimes references reporting information on the target phthalate (i.e.,
DINP) also reported information on other phthalates, the updated PECO statement reflects how
information reported on DINP as well as other phthalates undergoing a risk evaluation under TSCA
were screened. To make it easier for the reader to see changes made or clarifications added to the
screening criteria published in Appendix H.5.11 of the 2021 Draft Systematic Review Protocol (U.S.
EPA, 2021a), the following conventions are used in Table 4-1 and Table 4-2: text inserted is underlined,

and text deleted is in strikethrough-

The updated literature search conducted in June 2024 to identify new information that would fill data
gaps for human health hazard did not include a search targeted on epidemiological studies, and therefore
the updated PECO statement in Table 4-1 does not include any screening criteria for human
epidemiological studies (this is indicated with N/A in Table 4-1). EPA did not search for new human
epidemiological studies because this information would not have had a quantitative impact on the human
health hazard assessment, because as described in the Human Health Hazard Assessment for Diisononyl
Phthalate (DINP) (U.S. EPA, 2024f), the body of epidemiological evidence indicated that humans are
exposed to multiple phthalates from multiple sources via multiple routes, resulting in substantial
uncertainties in quantifying exposure-response estimates for individual phthalates. Therefore, new
human epidemiological information from an updated literature search would not have influenced the
human health assessment in a quantitative manner.

Because the updated PECO statement in Table 4-1 includes updated criteria based on exposure route,
exposure duration, dosages used, and outcome (e.g., cancer and non-cancer) to help identify new
information that would fill data gaps, animal toxicity studies informing human health hazard were not
further filtered with the Further Filtering Form described in Table 4-3 which was utilized for references
from the 2019 literature search (Figure 4-6, Box 1a). Therefore, any reference from the 2024 updated
literature search that met the updated PECO criteria was subsequently evaluated using the Harmonized
TSCA Data Quality Evaluation Form in Table 5-7 and data were extracted as described in Section 5.5.1.

Table 4-1. Updated PECO Criteria for: Dibutyl phthalate, Butyl benzyl phthalate, Di(2-
ethylhexyl) phthalate, Diisobutyl phthalate, Dicyclohexyl phthalate, DIDP, and DINP — Title and
Abstract and Full-Text Screening

PECO

Evidence
Element

Population | Human: A n-and-Hfestage{e-g-oceupational-org al-population—including
children-and-other-sensitive-populations: N/A. (Studies on humans were not considered for
systematic review of the 2024 updated literature search. Human studies at this time for the 2024
updated literature search will be tagged as Supplemental, Updated literature search: Meets

original PECO criteria but does not fill a critical data gap.)

Animal: Aquatic and terrestrial species (live, whole organism) from any lifestage (e.g.,
preconception, in utero, lactation, peripubertal, and adult stages). Animal models will be
inventoried according to the categorization below:

e Human health models: rat, mouse, rabbit, dog, hamster, guinea pig, cat, non-human
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PECO
Element

Evidence

primate, pig, hen{reurotox-onhy).
Ecotoxwologlcal models m#eﬁebrates—(&g—mseets—sp{deﬁ—emstaeeaqs—m@msks—and
ies). All

anlmal studles (mvertebrates and vertebrates) excludmg the models Ilsted above asa
human health model. All hen studies (including neurotoxicity studies) will meet PECO
screening criteria as ecotoxicological animal models.

Plant: All aquatic and terrestrial species (live) (vascular and non-vascular plants), including but
not limited to algal species, diatoms, cyanobacteria, moss, lichen and macro fungi (e.g.,
mushrooms (Phylum: Basidiomycota)) species.

Screener note:

Human Health Animal Hazard and Environmental Hazard: To identify human health and
ecological hazards, other organisms not listed above in their respective categories can also
be used. Non-mammalian model systems are increasingly used to identify potential human
health hazards (e.g., Xenopus, zebrafish), and traditional human health models (e.g.,
rodents) can be used to identify potential ecological hazard. For systematic review
screening and data evaluation and extraction purposes, the human health models listed
above will be tagged or identified as human health models and all other animal studies will
be tagged as ecotoxicological animal models. Neurotoxicity studies performed in hens (e.g.,
OECD 418 and 419) are considered relevant to both human health and environmental
hazard, but all hen studies will be tagged only as ecotoxicological animal models for
systematic review screening and data evaluation and extraction purposes.

Environmental Hazard: Ecotoxicological studies that assess exposure effects on organisms
such as protozoan, microbial fungi (e.g., microsporidians) and molds do not meet PECO
screening criteria because an environmental hazard assessment will unlikely be driven by
unicellular organisms or microbial organisms which are low in the natural ecosystem
hierarchy.

Environmental Hazard: The Population (PECO) consideration should be directed toward
direct effects on the target species only regardless of the type of effect or health outcome.
Studies reporting only indirect effects expressed in taxa that are not the target species of the
chemical exposure do not meet the PECO screening criteria.

Human Health Animal Hazard and Environmental Hazard: Studies on gametes, embryos, or
plant (e.g., ungerminated seeds, harvested fruit, cut flowers, and potato tubers) or fungal
sections capable of forming whole, new organisms will be tagged as potentially
Supplemental, Mechanistic. EXCEPTION: For environmental hazard, embryos for animal
studies (e.qg., zebrafish, fathead minnow, copepod, bivalve embryos, chickens) and
germinated seeds for plant studies (e.g., seed germination in any plant) meet screening
criteria if they also meet all other PECO criteria.

Human Health Animal Hazard and Environmental Hazard: Bacteria and yeast studies
specific for assessing genotoxicity, mutagenicity (e.g., Ames assay), or hormone assay will
be tagged as potentially Supplemental, Mechanistic. Otherwise, bacteria and yeast studies
that are not used for assessing genotoxicity, mutagenicity, or hormone assays do not meet
the PECO criteria.

Human Health Animal Hazard and Environmental Hazard: Studies on viruses and any
pathogenic microbes (unless bacteria or yeast used for assessing genotoxicity,
mutagenicity, or hormone assay; see bullet above) do not meet the PECO screening
criteria.
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PECO
Element

Evidence

Exposure

Relevant forms:

e Diisononyl Phthalate (DINP) (CASRN 28553-12-0)
o Isomer: Diisononyl phthalate (mixed isomers) — 68515-48-0
e For synonyms see the EPA Chemistry Dashboard.

e—urine-blood semen.etc)-See list of common-metabolites for each-phthalate below: N/A.
(Studies on humans were not considered for systematic review of the 2024 updated literature
search. Human studies at this time for the 2024 updated literature search will be tagged as
Supplemental, Updated literature search: Meets original PECO criteria but does not fill a
critical data gap.)

Animal Human Health Models: Any exposure to DINP including via water (including
environmental aquatic exposures), soil or sediment, diet, gavage, injection, dermal, and inhalation
for all non-rodent species. In order to target data gaps identified in previous literature searches,
rodent exposure should be limited to 1) inhalation at all doses, 2) dermal at all doses, and 3) oral
studies evaluating cancer at all doses, and 4) oral studies with a non-cancer effect at or below an
order of magnitude above the point of departure (POD) used in the risk evaluation of the target
chemical. When it is difficult to determine effect level, studies with at least one dose at or below
the 10X POD should be included. Exposure routes in rodent studies beyond inhalation, dermal
and oral as specified in the previous statements will be tagged as Supplemental, Updated
literature search: Meets original PECO criteria but does not fill a critical data gap.

Animal Ecotoxicological Models: Any exposure to DINP including via water (including
environmental aquatic exposures), soil or sediment, diet, gavage, injection, dermal, and inhalation.

Plant: Any exposure to DINP including via water or soil, or sediment.

EXCEPTION for Environmental Hazard: Waterborne studies with exposure concentrations above
the limit of water solubility will be tagged Supplemental, Updated literature search: Meets
original PECO criteria but does not fill a critical data gap. Exposure to DBP, BBP via water in
fish (i.e., DBP and BBP waterborne studies in fish only) regardless of exposure concentrations
will be tagged as Supplemental, Updated literature search: Meets original PECO criteria but
does not fill a critical data gap due to the rich amount of data already considered. Waterborne
studies with exposure concentrations below the limit of water solubility in all other organisms
(i.e., organisms excluding fish) meet the PECO screening criteria if they also meet all other
PECO criteria.

Screener note:

e Environmental Hazard: Field studies with media concentrations (e.g., surface water,
interstitial water, soil, sediment) and/or body/tissue concentrations of animals or plants are to
be identified as Supplemental, Field Study only if any biological effects are reported.

e Environmental Hazard: Controlled outdoor experimental studies (e.g., controlled
crop/greenhouse studies, mesocosm studies, artificial stream studies) are considered to be
laboratory studies (not field studies) because there is a known and prescribed exposure
dose(s) and an evaluation of hazardous effect(s). Whereas field studies (e.g., biomonitoring)
where there is no prescribed exposure dose(s) do not meet the PECO screening criteria if there
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PECO
Element

Evidence

is no evaluated hazardous effect, and tagged as Supplemental, Field study if there is an
evaluated hazardous effect.

e Human Health Animal Hazard and Environmental Hazard: Studies involving exposures to
mixtures will be included only if they also include exposure to DINP alone. Otherwise,
mixture-studies-wit-be tagged-as-Supplemental mixture studies in human health animal
models will be tagged as Supplemental, Mixture study (human health animal models) and
mixture studies in ecotoxicological animal models and in plants will be tagged as
Supplemental, Mixture study (plants and eco health animal models).

Comparator

Hme N/A (Studles on humans were not con5|dered for svstematlc review of the 2024 updated

literature search. Human studies at this time for the 2024 updated literature search will be
tagged as Supplemental, Updated literature search: Meets original PECO criteria but does
not fill a critical data gap.)

Animal and Plants: A concurrent control group exposed to vehicle-only treatment and/or
untreated control (control could be a baseline measurement).

Screener note:

e Human Health Animal Hazard and Environmental Hazard: If no control group is explicitly
stated (implied (e.g., by mention of statistical results that could only be obtained if a
control group was present), the study will be marked as Unclear during Title/Abstract
Screening. During Full-text Screening, if no control group is explicitly stated, then the
study does not meet PECO screening criteria.

¢ Human Health Animal Hazard: For studies in which human health animal models are
intentionally exposed to a chemical, the control could be a baseline measurement of the
same individual (i.e., the individual is assessed pre- and post-exposure), and these studies
do meet the PECO screening criteria. Also, for studies in which human health animal
models are intentionally exposed to a chemical, references that contain experimental
designs that do not require a negative or vehicle control group (i.e., skin sensitization (such
as LLNA), LC50 and LD50 completed within an acute timeframe, or dermal irritation
studies in which the experimental individual serves as their own control) do meet the
PECO screening criteria.

Outcome

(Studles on humans were not con5|dered for svstematlc review of the 2024 updated literature
search. Human studies at this time for the 2024 updated literature search will be tagged as
Supplemental, Updated literature search: Meets original PECO criteria but does not fill a
critical data gap.)

Animal Human Health Models: All apical biological effects (effects measured at the organ
level or higher) and bioaccumulation from laboratory studies with concurrently measured media
and/or tissue concentrations for exposure routes of interest. Apical endpoints include but are not
limited to reproduction, survival, and growth. All studies evaluating cancer should be included
regardless of dose, route, or species. Oral studies in rodents should be limited to 1) evaluation
of cancer and 2) a non-cancer effect at or below an order of magnitude above the POD used in
the risk evaluation. When it is difficult to determine effect level, studies with at least one dose
at or below the 10X POD should be included. Oral studies in rodents that report non-cancer

Page 36 of 138




PECO

Evidence
Element

health outcomes above the POD used in the risk evaluation will be tagged as Supplemental,
Updated literature search: Meets original PECO criteria but does not fill a critical data gap.

Animal Ecotoxicological Models and Plants: Mortality, growth, development, and
reproductive outcomes will be prioritized. Studies that do not report these health outcomes will
be tagged as Supplemental, Updated literature search: Meets original PECO criteria but does
not fill a critical data gap.

Screener note:

e Human Health Animal Hazard and Environmental Hazard: Measurable biological effects
relevant for animals and plants may include but are not limited to: mortality, behavioral,
population, physiological, growth, reproduction, systemic, point of contact (irritation and
sensitization) effects.

e Human Health Animal Hazard and Environmental Hazard: Effects measured at the cellular
level of biological organization and below are to be tagged as Supplemental, Mechanistic.

¢ Environmental Hazard: If the study has definitive hazard data for at least one health
outcome (bounded values) as reported by authors, the study is prioritized for data
evaluation and extraction. However, if the study that is being screened only has non-
definitive hazard data (unbounded values for all reported health outcomes) as reported by
authors, the study will not be prioritized for data evaluation and extraction and will be
tagged as Supplemental, Updated literature search: Meets original PECO criteria but
does not fill a critical data gap.

e Environmental Hazard: Chronic aguatic studies (both waterborne and benthic data) will
only be prioritized if the hazard value reported by authors is below the hazard value used to
calculate the concentration of concern (COC) in the risk evaluation of the phthalate of
interest. If the chronic aquatic studies only report hazard values above the hazard value
used to calculate the concentration of concern (COC) in the risk evaluation of the phthalate
of interest, the study will be tagged as Supplemental, Updated literature search: Meets
original PECO criteria but does not fill a critical data gap.

e Human Health Animal Hazard: Rodent studies will only be prioritized if the authors
reported a LOEL lower than the lowest LOAEL used to calculate the human equivalent
dose (HED) in the risk evaluation of the phthalate of interest. If the rodent study only
reports LOEL values above the LOAEL used to calculate the human equivalent dose
(HED) in the risk evaluation of the phthalate of interest, the study will be tagged as
Supplemental, Updated literature search: Meets original PECO criteria but does not fill
a critical data gap.

Table 4-2. Major categories of Potentially Relevant Supplemental Material for: Dibutyl phthalate,
Butyl benzyl phthalate, Di(2-ethylhexyl) phthalate, Diisobutyl phthalate, Dicyclohexyl phthalate,
DINP, and DIDP

Category Evidence

Mechanistic studies Al studies that report results at the cellular level and lower in both mammalian
and non-mammalian model systems, including in vitro, in vivo, ex vivo, and in
silico studies. These studies include assays for genotoxicity or mutagenicity
using bacteria or yeast.
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Category Evidence

ADME, PBPK, and Studies designed to capture information regarding absorption, distribution,
toxicokinetic metabolism, and excretion (ADME), toxicokinetic studies, or physiologically
based pharmacokinetic (PBPK) models.

Field studies Field studies with media concentrations (e.g., surface water, interstitial water,
soil, sediment) and/or body/tissue concentrations of animals or plants if
biological effects reported.

Mixture studies Experimental mixture studies that are not considered PECO-relevant because
they do not contain an exposure or treatment group assessing only the chemical
of interest. Human health animal model and eco animal model/plant will be
tagged separately for mixture studies.

Non-English records Non-English records will be tracked as potentially relevant supplemental
information.

Records with no original | Records that do not contain original data, such as other agency assessments,
data informative scientific literature reviews, editorials or commentaries, but may

cite secondary data on dermal absorption. This also includes studies of dermal

exposure, risk, or modeling that may cite dermal absorption studies.

Conference abstracts Records that would otherwise meet PECO criteria, but do not contain sufficient
documentation to support study evaluation and data extraction.

Isomer PECO-relevant studies with an exposure to one of the identified isomers, if any.

Supplemental, Updated Studies that met the original PECO as published in the Draft Systematic Review
literature search: Meets Protocol Supporting TSCA Risk Evaluations for Chemical Substances, however,
original PECO criteria but | they did not fill critical data gaps as per the additional criteria described in the
does not fill a critical data | revised PECO statement after the updated literature search was completed in
gap 2024.

4.6.2 Further Filtering: Human Health Hazard

References that met the PECO screening criteria and were categorized as having epidemiology
information and/or animal toxicity information for the evaluation of human health hazard went through a
fit-for-purpose further filtering step to determine which studies would move forward to data quality
evaluation and data extraction.
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4.6.2.1 Epidemiology Studies
To streamline the identification of studies containing dose-response data that had not previously been
evaluated by EPA, modifications were implemented to the process described in the 2021 Draft
Systematic Review Protocol (U.S. EPA, 2021a). Following PECO-based screening, references that met
PECO screening criteria for epidemiology underwent a two-step further filtering process to identify the
subset of potentially relevant references that proceeded to data quality evaluation:

4.6.2.1.1 Epidemiology Further Filtering Step 1: Filtering for References

Published After the Literature Search End Date of the Most Recent

Authoritative Assessment
The first step of further filtering consisted of filtering for references published after the literature search
end date of the most recent authoritative assessment. Previous phthalates risk assessments have been
conducted by authoritative sources including Health Canada and the EPA IRIS program. OPPT used
these previous assessments to facilitate efficient and scientific risk evaluation. Therefore, data quality
evaluation and extraction were conducted only for references published after the literature search end
date of the most recent authoritative assessment.

The most recent authoritative assessment was published by Health Canada in 2020 and included
literature published up to 2018 (Health Canada, 2020). Therefore, data quality evaluation and extraction
were conducted for references published from the beginning of 2018 through the end date of the OPPT
literature search, as well as for references that were published from the beginning of 2018 through the
end of 2023 that were sent with public comments in phthalates dockets. Data quality evaluation and
extraction wasn’t conducted for any references published before 2018.

Previous assessments used phthalates epidemiology studies qualitatively, but epidemiology studies
weren’t used quantitatively for dose-response assessment. Therefore, no key studies were identified
from previous assessments. Furthermore, all DINP references may be of interest qualitatively.
Therefore, further filtering wasn’t used to identify or filter for dose-response studies.

Thus, the first step of further filtering was based only on publication date. The publication dates of the
references were downloaded from DistillerSR. All DINP references that met PECO screening criteria for
epidemiology with a publication date of 2018 or later proceeded to the next step of further filtering. All
other DINP references (references with a publication date before 2018) didn’t proceed to data quality
evaluation.

4.6.2.1.2 Epidemiology Further Filtering Step 2: Filtering Out References That
Only Assessed Exposure Using an Inappropriate Biomarker Matrix

Urine is generally the only appropriate biomarker matrix for assessing exposure to short-chain
phthalates and primary metabolites of long-chain phthalates. The IRIS Protocol for the Systematic
Review of the Health Effects of Phthalate Exposure describes the reasons why biomarker matrices other
than urine are inappropriate for assessing exposure. The IRIS Protocol states “Phthalate metabolite
concentration in urine is considered to be the best proxy of exposure from all sources
(ingested/absorbed/inhaled). One of the problems with phthalates measured in blood and other tissues is
the potential for contamination from outside sources, especially during the collection and processing of
samples (Calafat et al., 2015). Phthalate diesters present from exogenous contamination can be
metabolized to the monoester metabolites by enzymes present in blood and other tissues (but not urine).
Thus, metabolite measures in samples other than urine may be erroneously reflecting external phthalate
sources.”
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Therefore, in the IRIS phthalates assessment, “biomarker measures based on samples other than urine
(e.g., serum, plasma, amniotic fluid, seminal fluid, amniotic fluid, breast milk) were considered to be
critically deficient for all short-chain phthalates and for primary metabolites (e.g., MEHP, MINP) of
long-chain phthalates.” Although breast milk is not an appropriate biomarker matrix for assessing the
exposure of the person who produced the milk, phthalate measures from breast milk are appropriate for
assessing exposure to infants who are ingesting the breast milk.

The IRIS protocol states “Samples other than urine can be used for secondary metabolites of long-chain
phthalates as the oxidative metabolism required to break down primary metabolites does not exist in
these samples (personal communication, Antonia Calafat, 2016). Cord blood, as a sample matrix, is
considered critically deficient for all metabolites, since DEHP (and possibly DINP) containing plastics
are widely used in medical settings, and thus, the concentrations of phthalates in cord blood may reflect
exposure during delivery. In addition, studies that analyzed only phthalate diesters, rather than their
metabolites, are considered critically deficient due to the potential for contamination.”

Therefore, data quality evaluation wasn’t conducted for references that assessed exposure using only a
biomarker matrix other than urine or breast milk without any other exposure assessment. Otherwise, all
epidemiology references that met PECO screening criteria, had a publication date of 2018 or later, and
used a potentially appropriate exposure assessment method proceeded to data quality evaluation.

4.6.2.1.3 Epidemiology Further Filtering Results

Of the 124 references that met DINP PECO screening criteria for epidemiology, step 1 of the further
filtering process identified 54 references that had a publication date of 2018 or later, which proceeded to
step 2 of the further filtering process. Out of these 54 references, five references were found to assess
exposure using only non-urine biomarkers and therefore didn’t proceed to data quality evaluation. The
remaining 49 references proceeded to data quality evaluation for DINP.

4.6.2.2 Animal Toxicity Studies

Studies from 2019 that met the PECO screening criteria and were categorized as having animal toxicity
information for the evaluation of human health hazard were then identified to either have been
previously evaluated by an authoritative agency or not. Studies that had not previously been evaluated
by an authoritative agency and were considered relevant for animal toxicity went through a more
extensive further filtering process similar to that described in the previous section (4.6.2.1) to identify
and prioritize animal toxicity studies with quantitative information most useful for the human health
hazard assessment.

4.6.2.2.1 Animal Toxicity Further Filtering Step 1: Identification of Whether or
Not Studies were Cited in a Recent Authoritative Assessment

During the full-text screening, 11 new studies (Gray Jr et al., 2024; Santacruz-Marquez et al., 2024;
Bhurke et al., 2023; Laws et al., 2023; Chen et al., 2022; Chiu et al., 2021; Gu et al., 2021; Chiang et al.,

20204, b; Chiu et al., 2020; Liang and Yan, 2020) were added from the 2024 updated literature search
(Figure 4-6, Box 1a), while 94 studies were identified from the initial 2019 literature search to meet the
PECO screening criteria for animal toxicity informing human health hazard (Figure 4-6, Box 1Db).
Previous phthalates risk assessments have been conducted by authoritative sources including Health
Canada (EC/HC) (EC/HC, 2015). OPPT used this previous assessment to facilitate an efficient and
scientific risk evaluation. Based on this existing assessment, a total of 11 key studies were considered
for point of departure (POD) refinement (Clewell et al., 2013a; Clewell et al., 2013b; Boberg et al.,
2011; Hannas et al., 2011; Lee and Koo, 2007; Covance Labs, 1998a, b; Exxon Biomedical, 1996a, b;
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Bio/dynamics, 1987, 1986). Thus, these 11 studies did not go through a further filtering step and moved
directly to the data evaluation and extraction step under TSCA (Figure 4-6, Box 2a and 3a). References
that underwent further filtering were those published after the EC/HC 2015 assessment up until the
literature search conducted by OPPT for the DINP risk evaluation, which covered the years 2014 — 2019
(Chiang and Flaws, 2019; Deng et al., 2019; Neier et al., 2019; Beltifa et al., 2018; Neier et al., 2018;
Setti Ahmed et al., 2018; Hwang et al., 2017; Boberg et al., 2016; Kang et al., 2016; EC/HC, 2015; Li et
al., 2015; Ma et al., 2015:; Peng, 2015; Sedha et al., 2015; Wu et al., 2015; Furr et al., 2014; Sadakane et
al., 2014). Among those references identified in the pool between 2014 — 2019, one study was removed
from the pool because it had been included in the EC/HC 2015 assessment (Figure 4-6, Box 2b) (Furr et
al., 2014).
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Figure 4-6. Schematic for the Number of Animal Toxicity Information for Human Health Hazard
for DINP that were Evaluated and Extracted under TSCA

4.6.2.2.2 Animal Toxicity Further Filtering Step 2: Identification of Studies Used in
EPA’s Quantitative Assessment

For the remaining 16 studies that were published after the EC/HC 2015 assessment, study parameters
and lowest-observable-effect levels (LOELS) were then collected (Figure 4-6, Box 3b) and converted to
human equivalent doses (HEDs) to enable comparisons across species. Studies with HED LOELSs
greater than an order of magnitude of the lowest HED lowest-observable-adverse-effect level (LOAEL)
identified across existing assessments were not deemed sensitive for subsequent POD selection (Figure
4-6, Box 4b). For DINP, there were no studies that fell in this category (Figure 4-6, Box 4b); however, if
any studies had been identified, they would have been tagged as supplemental information, and they
would not have proceeded to data quality evaluation and extraction.

On the contrary, studies with HED LOELSs within an order of magnitude of the lowest HED LOAEL
identified across existing assessments were considered sensitive and potentially relevant for POD
selection (Figure 4-6, Box 4a). For DINP, there were 16 such studies identified and were further
reviewed by EPA to determine if they provided information that either supported a new human health
hazard not identified in the existing assessments, or to determine if the 16 studies contained sufficient
dose-response information to support a lower POD than identified in the existing assessments (Figure
4-6, Box 5). Next, these 16 studies were filtered using the Animal Toxicity Further Filtering form
described in Table 4-3 (Chiang and Flaws, 2019; Deng et al., 2019; Neier et al., 2019; Beltifa et al.,
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2018; Neier et al., 2018; Setti Ahmed et al., 2018; Hwang et al., 2017; Boberg et al., 2016; Kang et al.,
2016; EC/HC, 2015; Li et al., 2015; Ma et al., 2015; Peng, 2015; Sedha et al., 2015; Wu et al., 2015;
Sadakane et al., 2014). The Animal Toxicity Furter Filter Form was developed to tag and identify
studies by exposure route, exposure method and duration of exposure, number of dose groups, target
organ/systems evaluated, information related to potentially exposed or susceptible subpopulations
(PESS), and the study-wide LOEL. The main purpose of this further filtering step was to allow for the
refinement of the references that would be considered for data quality evaluation and extraction. For
DINP, of the 16 studies that went through the Animal Toxicity Further Filtering Form, only one study
moved on to data quality evaluation and extraction (Li et al., 2015) (Figure 4-6, Box 6), two were moved
to supplemental information (Boberg et al., 2016; EC/HC, 2015), 12 were no longer considered for POD
refinement (Chiang and Flaws, 2019; Deng et al., 2019; Neier et al., 2019; Neier et al., 2018; Setti
Ahmed et al., 2018; Hwang et al., 2017; Kang et al., 2016; Ma et al., 2015; Peng, 2015; Sedha et al.,
2015; Wu et al., 2015; Sadakane et al., 2014), and one study was determined not to meet the PECO
screening criteria (Beltifa et al., 2018). In section 4.6.2.2.3, EPA describes in detail the decisions made
for studies that went through the Animal Toxicity Further Filtering Form.

4.6.2.2.3 Further Filtering Results
Out of 16 remaining studies that went through the Animal Toxicity Further Filtering Form (Figure 4-6,
Box 5), EPA determined that Beltifa et al. 2018 did not meet the PECO screening criteria (Beltifa et al.
2018). The rationale being that in this study, the authors utilized BALB/c mice to determine the
exposure related effects to phthalates of the highest abundance found in cheeses sourced from different
locations. The cheeses were tested for the presence of DINP along with other phthalates using gas
chromatography with tandem mass-spectrometry (GC-MS/MS). They found that DINP was not of high
abundance and hence subsequent animal studies only exposed the mice to phthalates other than DINP.
Of the remaining 15 studies, 12 (Chiang and Flaws, 2019; Deng et al., 2019; Neier et al., 2019; Neier et
al., 2018; Setti Ahmed et al., 2018; Hwang et al., 2017; Kang et al., 2016; Ma et al., 2015; Peng, 2015;
Sedha et al., 2015; Wu et al., 2015; Sadakane et al., 2014) were no longer considered for POD
refinement. Among those 12 studies, some studies only included a single dose group (Neier et al., 2019;
Neier et al., 2018; Setti Ahmed et al., 2018), while others reported the sensitization effects of DINP on
allergic/allergic dermatitis outcomes (Kang et al., 2016; Wu et al., 2015; Sadakane et al., 2014). The
remaining studies were either mechanistic in scope (Ma et al., 2015; Peng, 2015),
reproductive/development studies (Chiang and Flaws, 2019; Hwang et al., 2017; Sedha et al., 2015), or
lack clarity in their results (Deng et al., 2019). Three studies remained after excluding the 12 studies that
were not considered suitable for POD refinement from the pool of 15. Two of the remaining three
studies were moved to the supplemental category since they were either an existing assessment (EC/HC
2015) or a corrigendum for another study (Boberg et al., 2016). The one remaining reference (Li et al.
2015) (Figure 4-6, Box 6) moved to data quality evaluation and extraction by OPPT under TSCA along
with the 11 references (Clewell et al., 2013a; Clewell et al., 2013b; Boberg et al., 2011; Hannas et al.,
2011; Lee and Koo, 2007; Covance Labs, 1998a, b; Exxon Biomedical, 19963, b; Bio/dynamics, 1987,
1986) that were considered key studies for POD refinement (Figure 4-6, Box 3a), and the 11 references
(Gray Jr et al., 2024; Santacruz-Marquez et al., 2024; Bhurke et al., 2023; Laws et al., 2023; Chen et al.,
2022; Chiu et al., 2021; Gu et al., 2021; Chiang et al., 2020a, b; Chiu et al., 2020; Liang and Yan, 2020)
that were added from the 2024 updated literature search (Figure 4-6, Box 1a).

At the end, a total of 23 animal toxicity studies for the data integration of human health hazard were
evaluated and extracted for DINP under TSCA (Figure 4-6, Box 7). For a detailed list of health
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outcomes and ratings along with a description and rationale for such ratings as well as details on which
data were extracted, see the Data Quality Evaluation Information for Human Health Hazard Animal
Toxicology for Diisononyl Phthalate (DINP) (U.S. EPA, 2024r) and the Data Extraction Information for
Environmental Hazard and Human Health Hazard Animal Toxicology and Epidemiology for Diisononyl
Phthalate (DINP) (U.S. EPA, 2024j).

Table 4-3. Animal Toxicity Further Filtering Form
Animal Toxicity Further Filtering Form

Is this study a candidate for re-screening? (i.e., PECO-relevance related issues) If yes, please stop
inventorying?

o Yes
= Reason for re-screen [free text]

o No

Animal Species

o Cat o Pig

o Dog o Primate
o Guinea Pig o Rabbit
o Hamster o Rat

o Mouse o Other

o [free text]

Exposure Routes (check all that apply)

o Inhalation o Ocular/Eye
o Dermal/Skin o Intraamniotically
o Oral o Other

= If‘Yes’ o Other exposure routes (describe) [free

> Gavage, Drinking Water, text]
Food, or Capsule

o Injection

= IfYes’

o Intraperitoneal
o Subcutaneous

Is this a reproductive/developmental study?
o Yes

o No

Select Study Duration:

Acute (<24 hr)

Short-Term (> 1-30 days)
Sub-Chronic (> 30 — 90 days)
Chronic (> 90 days)

Not Reported

O[O |O |O |O

Page 43 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363108
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363110

Animal Toxicity Further Filtering Form

Does this study contain 2 or more dose groups in addition to a control?

o Yes

o No

Please inventory target organs/systems with outcomes reported (qualitative or quantitative, including
negative outcomes):

o Neurological/Behavioral o Immune/Hematological
o Cancer/Carcinogenesis o Hepatic/Liver
o Cardiovascular o Mortality
o Thyroid o Musculoskeletal
o Reproductive/Developmental o Nutritional/Metabolic
o Gastrointestinal o Ocular/Sensory
Does this study report a LOEL?
o Yes

= Experiment LOEL dose value [free text]
= LOEL Units (mg/kg-bw/day, mg/kg, etc.)

o No

o Other
o [free text]

o Briefly describe the LOEL outcome [free text]

Does this study report any negative outcomes (i.e. no change seen in animals following exposure)?

o Yes

o No

Does the experiment show different effects among GENETICS/EPIGENETICS PESS subpopulations
(genetic variants that increase susceptibility, knockout animals, etc.)?

o Yes

o No

Does the experiment show different effects among LIFESTAGE PESS subpopulations (reproductive
studies, accumulation in milk, etc.)?

o Yes

o No

Does the experiment show different effects among OTHER (not listed) PESS subpopulations
(reproductive studies, accumulation in milk, etc.)? If so, please list below.

o [free text]

Should this reference move on to data extraction and evaluation?

o Yes

o No

Comments (optional)?

o [free text]
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4.7 Dermal Absorption

EPA developed a PECO statement (Table 4-4) to conduct both TIAB and full-text screening of
references considered for the evaluation of dermal absorption resulting from DINP exposure. EPA used
Table 4-5 to identify supplemental studies that may also inform dermal absorption and exposure for
DINP. Each reference was manually screened by two reviewers at the TIAB and full-text screening steps
or only at full-text, as relevant for the type of data source (peer vs. gray).

Table 4-4. PECO Statement for Dermal Exposure References for DINP
PECO

Element Evidence
Tests of the single toxicants on ex vivo tissues (including permeation and retention studies) or on
live, whole, taxonomically verifiable organisms are included.
Human: Any population and life stage (occupational or general population, including children and
b other sensitive populations).

Animal: All human health models, including (but not limited to) rat, mouse, rabbit, dog, hamster,
guinea pig, cat, non-human primate, and pig.

Supplemental: Tests using 3D human skin equivalent/reconstructed tissue models (e.g., EpiDerm,
EPISKIN) or any other in vitro systems are considered supplemental.

Human and Animal: Any quantified dermal exposure to diisononyl phthalate (CASRN 28553-12-
0), diisononyl phthalate (mixed isomers) (CASRN 68515-48-0) alone or in a vehicle or relevant
matrix associated with the conditions of use, including exposure that occurs in vivo or ex vivo for
any duration. Studies are included only if exposure is intentional and quantified. If exposure is not
intentional and is not experimentally controlled, the study is excluded. For example, studies of

E absorption in workers will be excluded, even if exposure has been quantified. Studies assessing
exposures to mixtures (i.e., containing substances other than a vehicle) will be included only if they
also contain an exposure or treatment group assessing the chemical of interest alone or in aqueous
solution.

Supplemental: In vitro exposures and/or studies in which exposure occurs only to a mixture
containing one or more of the chemicals of interest.

C Human and Animal: Any or no comparison group.

Human and Animal: Any quantitative assessment of the rate or extent of dermal absorption of the
substance. Measurements may include the amount of substance that has passed through the skin, or
was retained in the skin, distributed within the organism (e.g., blood and tissue concentrations),
and/or excreted by the organism (e.g., through urine, feces, or expired air). Absorption may be
measured directly (by chemical analysis for the substance and/or its metabolites) or indirectly (e.g.,
measurement of radioactivity if using a radio-labelled test substance). Absorption may be quantified
via determination of percent absorption, dermal/penetrative flux rate, or dermal penetration
coefficient (Kp).

Table 4-5. Major categories of “potentially relevant supplemental material”

Category Evidence

In vitro studies Tests using 3D human skin equivalent/reconstructed tissue models (e.g., EpiDerm,
EPISKIN) or any other in vitro systems.

Mixture studies Experimental mixture studies that are not considered PECO-relevant because they

Page 45 of 138



Category Evidence

do not contain an exposure or treatment group assessing only the chemical of
interest, but that otherwise meet PECO criteria.

Non-English records Non-English records that appear to meet PECO criteria.
Records with no Records that do not contain original data, such as other agency assessments,
original data informative scientific literature reviews, editorials, or commentaries, but may cite

secondary data on dermal absorption. This also includes studies of dermal exposure,
risk, or modeling that may cite dermal absorption studies.

Conference abstracts Records that would otherwise meet PECO criteria, but do not contain sufficient
documentation to support study evaluation and data extraction.

O O,

Meets PECO Criteria Peer-Reviewed
at FT Screening Literature Search

Meets PECO Criteria
at TIAB Screening

Does Not Meet PECO Criteria
at FT Screening

. Does Not Meet PECO Criteria
Diisononyl Phthalate at TIAB Screening

Risk Evaluation:
Dermal Absorption

Supplemental
at TIAB Screening

Figure 4-7. Literature Inventory Tree — Dermal Absorption for DINP

View the interactive literature inventory tree in HAWC. Data in this figure represent all references obtained from
the publicly available databases and gray literature references searches that were included in systematic review as
of October 22, 2024.

5 DATA EVALUATION AND DATA EXTRACTION

Data evaluation and extraction were conducted as described in Sections 5 and 6 of the 2021 Draft
Systematic Review Protocol (U.S. EPA, 2021a). Data evaluation is the systematic review step in which
EPA assesses quality of the individual data sources using the evaluation strategies and criteria for each
discipline (e.g., physical and chemical property data; fate and transport data; occupational exposure and
environmental release data; general population, consumer, and environmental exposure data;
environmental hazard; human health hazard) or sub-discipline (e.g., animal toxicity or epidemiology).
The data quality evaluation method uses a structured framework with predefined criteria for each type of
data/information source. Data extraction is the systematic review step in which EPA uses structured
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forms or templates to extract quantitative and qualitative data and information from references that meet
screening criteria. The overall goal is to provide transparency, consistency, and as much objectivity as
possible to the data quality evaluation and extraction processes along with meeting the TSCA scientific
standards in section 26(h).

References that meet screening criteria following full-text screening will generally proceed to data
quality evaluation and extraction steps, however one clarification to the procedures outlined in Section 6
of the 2021 Draft Systematic Review Protocol is that in situations where EPA is unable to extract
data/information from sources that meet screening criteria (e.g., formatting prohibits accurate
extraction), that source may not have extracted data to present in the risk evaluation or respective
supplemental documents. The systematic review support documents that contain results from the data
quality evaluation and extraction systematic review steps may use updated templates from those that
were provided in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a) because the purpose of
these supplemental documents is to accommodate the data needs for each respective risk evaluation. The
following sections describe the data quality and extraction process followed by each discipline or sub-
discipline to address various information needs for the Risk Evaluation for DINP (U.S. EPA, 2024i) and
any clarifications or updates regarding these systematic review steps as described in the 2021 Draft
Systematic Review Protocol (U.S. EPA, 2021a).

5.1 Physical and Chemical Properties

As described in the 2021 Draft Systematic Review Protocol, evaluation and extraction followed the
steps outlined in Sections 5, 6, and 6.1 (U.S. EPA, 2021a). The data quality criteria for physical and
chemical property data are summarized in Appendix K of the 2021 Draft Systematic Review Protocol.
The Data Quality Evaluation and Data Extraction Information for Physical and Chemical Properties
for Diisononyl Phthalate (DINP) — Systematic Review Support Document for the Risk Evaluation (U.S.
EPA, 20240) provides details of the data extracted and evaluated, including metric ratings and the
overall study quality determination for each data source.

5.2 Environmental Fate and Transport Properties

As described in the 2021 Draft Systematic Review Protocol, evaluation and extraction followed the
steps outlined in Sections 5, 6, and 6.2 (U.S. EPA, 2021a). The data quality criteria for environmental
fate data are summarized in Appendix L of the systematic review protocol. Appendix L.4 describes how
the overall quality of fate data or information were weighted according to an ordinal system
corresponding to High (1), Medium (2), or Low (3) to quantitatively or qualitatively support the risk
evaluations. EPA does not plan to use data rated as Uninformative (4). Table_Apx L4 illustrates the
possible quality ratings across the selected metrics for environmental fate data with examples in
Table_Apx L5, Table_Apx L6 and Table_Apx L7 (U.S. EPA, 2021a). Specific fate data quality rating
quality criteria are in Table_Apx L8. The Data Quality Evaluation and Data Extraction Information for
Environmental Fate and Transport for Diisononyl Phthalate (DINP) — Systematic Review Support
Document for the Risk Evaluation (U.S. EPA, 2024m) provides details of the data extracted and
evaluated, including metric rating and the overall study quality determination for each data source.

5.3 Environmental Release and Occupation Exposure

As described in the 2021 Draft Systematic Review Protocol, evaluation and extraction followed the
steps outlined in Sections 5, 6, and 6.2 (U.S. EPA, 2021a). The data quality criteria for environmental
release and occupational exposure data are summarized in Appendix M of the 2021 Draft Systematic
Review Protocol (U.S. EPA, 2021a). The Data Quality Evaluation and Data Extraction Information for
Environmental Release and Occupational Exposure for Diisononyl Phthalate (DINP) — Systematic
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Review Support Document for the Risk Evaluation (U.S. EPA, 2024n) details the data extracted and
evaluated, including metric rating and the overall study quality determination for each data source.

5.4 General Population, Consumer, and Environmental Exposure

As described in the 2021 Draft Systematic Review Protocol, data quality evaluation and extraction
generally followed the steps outlined in Section 5 and 6 (U.S. EPA, 2021a). However, a few updates
were made to the data quality evaluation metrics for some evidence streams (i.e., study types) since the
metrics were published in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). Most of the
changes were editorial or minor clarifications, including the standardization of some metrics that apply
to multiple evidence streams, where appropriate. For example, in the quality assurance/quality control
(QA/QC) metric for evaluating monitoring and experimental evidence streams, the acronym QA/QC
was defined and replaced all references to quality assurance and quality control when occurring
separately or together, and the term “QA/QC techniques” was changed to “QA/QC measures,” which
already appeared in the metrics.

A few metrics applicable to multiple evidence streams were slightly modified to better fit some of the
unique situations that frequently arise for a certain type of evidence stream (e.g., databases). For
example, some metrics were updated to clarify the intent of the metric and better account for variation in
types of evidence included in one grouping (e.g., experiments involving chamber studies vs. product
concentration assessments). The domains did not change. However, see below for the changes and
updates made to the data evaluation metrics for the respective evidence types (i.e., monitoring,
experimental studies, and databases) as presented in Section 5.4.1. No changes were made to the data
evaluation metrics for modeling data, as described in Appendix N.6.2, or to the data evaluation metrics
for completed exposure assessments and risk characterizations, as described in Appendix N.6.7 in the
2021 Draft Systematic Review Protocol, respectively (U.S. EPA, 2021a). Data quality evaluations for
references that met PECO screening criteria are included in the Data Quality Evaluation Information for
General Population, Consumer, and Environmental Exposure for Diisononyl Phthalate (DINP) —
Systematic Review Support Document for the Risk Evaluation (U.S. EPA, 2024q), referred to hereafter
as the “DINP Data Quality Evaluation Information for General Population, Consumer, and
Environmental Exposure.”

Data extraction of general population, consumer, and environmental exposure data and information was
conducted as described in Section 6 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a).
However, with respect to information stored within databases, if EPA has access to the data tables, EPA
does not conduct a separate data extraction because the data are more accessible and have additional
context in the original database format. Data present in the database when the database underwent full-
text screening are available in the HERO database (CDC, 2022; U.S. EPA, 2022; U.S. EPA et al., 2022;
QuanTech, 2021), along with the date the data were downloaded. If a reference (e.g., peer-reviewed
reference) presents data from a database that did not undergo systematic review directly (e.g., a foreign
database that is not publicly accessible), the data would be extracted from the reference to the extent
possible; this did not apply to references that underwent systematic review for this chemical.

As mentioned above in Section 5, references may not undergo data extraction, regardless of the overall
quality determination, if they contain no extractable data points (e.g., values are contained in a non-
digitizable figure or are representative of unspecified media or treatment processes). On the other hand,
there are references that have many reported endpoints that meet PECO screening criteria for a
respective chemical risk evaluation, making it difficult to include all the data in the chemical-specific
data extraction support document. When a reference meets PECO screening criteria, the reference
receives a data quality evaluation, and the data in the reference are still considered in the Risk
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Evaluation, whether or not the included data are extracted in DistillerSR and appear among the
chemical-specific extractions in the Data Extraction Information for General Population, Consumer, and
Environmental Exposure. In addition, there may be other reasons that EPA decides not to extract all the
data from a reference that undergoes data evaluation; EPA extracts the data that are most relevant, given
the needs of the assessment. As seen in Figure 4-5, the extracted DINP data are from targeted evaluated
references that have an OQD of High assuming that such studies would be distinctly supportive to the
DINP exposure assessment. The extracted data provide a high level of confidence for characterizing
general population, consumer, and environmental exposure and for meeting assessment needs. This
constitutes an update to Section 6 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a).
Extraction forms, templates, and decisions are tailored to fit the data extraction needs for each risk
evaluation.

The types of fields extracted vary by evidence stream and generally followed Section 6.3 of the 2021
Draft Systematic Review Protocol with regard to the data characteristics captured (U.S. EPA, 2021a).
Examples of types of data extracted and the extraction formats for the evidence streams identified
through systematic review to evaluate environmental, general population, and consumer exposure data
are listed in the extraction tables provided in the Data Extraction Information for General Population,
Consumer, and Environmental Exposure for Diisononyl Phthalate (DINP) — Systematic Review Support
Document for the Risk Evaluation (U.S. EPA, 2024k), referred to hereafter as the “DINP Data
Extraction Information for General Population, Consumer, and Environmental Exposure.”

5.4.1 Data Quality Evaluation Metric Updates

The data evaluation metrics for the monitoring, experimental, and database evidence streams, are
presented below in Table 5-1, Table 5-2, and Table 5-3, respectively. Each table shows which data
evaluation metrics changed since the publication of the 2021 Draft Systematic Review Protocol (U.S.
EPA, 2021a). Other data quality criteria for studies on consumer, general population, and environmental
exposure appear in Appendix N of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). For
the modeling, completed exposure assessments, and risk characterization evidence streams, there were
no changes made to the data evaluation metrics since the 2021 Draft Systematic Review Protocol was
published. The criteria for modeling studies appear in Table_Apx N-9 of the 2021 Draft Systematic
Review Protocol, and criteria for completed exposure assessments and risk characterizations appear in
Table_Apx N-19. In some cases, references can meet the criteria for two exposure evidence streams, and
they can also be reviewed and meet criteria for other disciplines. Upon review, each study is evaluated
and extracted using the criteria for the most appropriate and applicable evidence streams given the
information therein. In order to make it easier for the reader to see changes made to the data evaluation
metrics, the following conventions are used: text inserted is underlined, and text deleted is in

strikethrough.

Table 5-1. Updated Data Quality Evaluation Criteria for Monitoring Data Sources

Data Quality

Rating Description

Domain 1. Reliability

Metric 1. Sampling methodology

High Samples were collected according to publicly available SOPs that are scientifically sound and
widely accepted (i.e., from a source generally using known to use sound methods and/or
approaches) for the chemical and media of interest. Example SOPs include U.S. Geological
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Data Quality
Rating

Description

Survey (USGS’) “National Field Manual for the Collection of Water-Quality Data,” EPA’s
“Ambient Air Sampling” (SESDPROC-303-R5), etc.

OR

The sampling protocol used was not a publicly available SOP from a source generally known to
use usirg sound methods and/or approaches, but the sampling methodology is clear, appropriate
(i.e., scientifically sound), and similar to widely accepted protocols for the chemical and media
of interest. All pertinent sampling information is provided in the data source or companion
source. Examples include:

sampling equipment

sampling procedures/regimen

sample storage conditions/duration

performance/calibration of sampler

study site characteristics

matrix characteristics

Medium

Sampling methodology is discussed in the data source or companion source and is generally
appropriate (i.e., scientifically sound) for the chemical and media of interest; however, one or
more pieces of sampling information is not described. The missing information is unlikely to
have a substantial impact on results.

OR

Standards, methods, protocols, or test guidelines may not be widely accepted, but a successful
validation study for the new/unconventional procedure was conducted prior to the sampling
event and is consistent with sound scientific theory and/or accepted approaches. Or a review of
information indicates the methodology is acceptable and differences in methods are not
expected to lead to lower quality data.

Low

Sampling methodology is only briefly discussed; therefore, most sampling information is
missing and likely to have a substantial impact on results.

AND/OR

The sampling methodology does not represent best sampling methods, protocols, or
guidelines for the chemical and media of interest (e.g., outdated [but still valid] sampling
equipment or procedures, long storage durations).

AND/OR

There are some inconsistencies in the reporting of sampling information (e.g., differences
between text and tables in data source, differences between standard method and actual
procedures reported to have been used, etc.) that led to a low confidence in the sampling
methodology used.

Critically
Deficient

The sampling methodology is not discussed in the data source or companion source.

AND/OR

Sampling methodology is not scientifically sound or is not consistent with widely accepted
methods/approaches for the chemical and media being analyzed (e.g., inappropriate sampling
equipment, improper storage conditions).

AND/OR

There are numerous inconsistencies in the reporting of sampling information, resulting in high
uncertainty in the sampling methods used.
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Data Quality

Rating Description
Not rated/not
applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance]

Metric 2. Analytical methodology

High Samples were analyzed according to publicly available analytical methods that are scientifically
sound and widely accepted (i.e., from a source generally using-known to use sound methods
and/or approaches) and are appropriate for the chemical and media of interest. Examples
include EPA SW-846 Methods, NIOSH Manual of Analytical Methods 5th Edition, etc.

OR
The analytical method used was not a publicly available method from a source generally usiqg
known to use sound methods and/or approaches, but the methodology is clear and appropriate
(i.e., scientifically sound) and similar to widely accepted protocols for the chemical and media
of interest. All pertinent sampling information is provided in the data source or companion
source. Examples include:

e extraction method

e analytical instrumentation (required)

e instrument calibration

e limit of quantitation (LOQ), LOD, detection limits, and/or reporting limits

e recovery samples

e biomarker used (if applicable)

e matrix-adjustment method (i.e., creatinine, lipid, moisture)

Medium Analytical methodology is discussed in detail and is clear and appropriate (i.e., scientifically
sound) for the chemical and media of interest; however, one or more pieces of analytical
information is not described. The missing information is unlikely to have a substantial impact
on results.

AND/OR

The analytical method may not be standard/widely accepted, but a method validation study
was conducted prior to sample analysis and is expected to be consistent with sound scientific
theory and/or accepted approaches.

AND/OR

Samples were collected at a site and immediately analyzed using an on-site mobile laboratory,
rather than shipped to a stationary laboratory.

Low Analytical methodology is only briefly discussed. Analytical instrumentation is provided and

consistent with accepted analytical instrumentation/methods. However, most analytical
information is missing and likely to have a substantial impact on results.

AND/OR

Analytical method is not standard/widely accepted, and method validation is limited or not
available.

AND/OR

Samples were analyzed using field screening techniques.
AND/OR

LOQ, LOD, detection limits, and/or reporting limits not reported.
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Rating Description

AND/OR
There are some inconsistencies or possible errors in the reporting of analytical information
(e.g., differences between text and tables in data source, differences between standard method
and actual procedures reported to have been used, etc.) which leads to a lower confidence in the
method used.

Critically Analytical methodology is not described, including analytical instrumentation (i.e., HPLC,

Deficient GO).
AND/OR
Analytical methodology is not scientifically appropriate for the chemical and media being
analyzed (e.g., method not sensitive enough, not specific to the chemical, out of date).
AND/OR
There are numerous inconsistencies in the reporting of analytical information, resulting in high
uncertainty in the analytical methods used.

Not rated/

Not applicable

Reviewer’s
comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]

Metric 3. Select

ion of biomarker of exposure

High

Biomarker in a specified matrix is known to have an accurate and precise quantitative
relationship with external exposure, internal dose, or target dose (e.g., previous studies (or the
current study) have indicated the biomarker of interest reflects external exposures).

AND

Biomarker (parent chemical or metabolite) is derived from exposure to the chemical of interest.

Medium

Biomarker in a specified matrix has accurate and precise quantitative relationship with external
exposure, internal dose, or target dose.

AND

Biomarker is derived from multiple parent chemicals, not only the chemical of interest, but
there is a stated method to apportion the estimate to only the chemical of interest

Low

Biomarker in a specified matrix has accurate and precise quantitative relationship with external
exposure, internal dose, or target dose.

AND

Biomarker is derived from multiple parent chemicals, not only the chemical of interest, and
there is NOT an accurate method to apportion the estimate to only the chemical of interest.

OR

Biomarker in a specified matrix is a poor surrogate (low accuracy and precision) for
exposure/dose.

Critically
Deficient

Not applicable. A study will not be deemed critically deficient based on the use of biomarker of
exposure.

Not rated/
applicable

Metric is not applicable to the data source.
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Rating Description
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance]

Domain 2. Representative

Metric 4. Geographic area

High Geographic location(s) is reported, discussed, or referenced.

Medium Not applicable. This metric is dichotomous (i.e., high vs. critically deficient).

Low Not applicable. This metric is dichotomous (i.e., high vs. critically deficient).

Critically Geographic location is not reported, discussed, or referenced.

Deficient

Not rated/not

applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance]

Metric 5. Temporality

High Timing of sample collection for monitoring data is consistent with current or recent exposures
(within 5 years) may be expected.

Medium Timing of sample collection for monitoring data is less consistent with current or recent
exposures (>5 to 15 years) may be expected.

Low Timing of sample collection for monitoring data is not consistent with when current exposures
(>15 years old) may be expected and likely to have a substantial impact on results.

Critically Timing of sample collection for monitoring data is not reported, discussed, or referenced.

Deficient

Not rated/Not

applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

comments that may highlight study strengths or important elements such as relevance]

Metric 6. Spatial and temporal variability

High

Sampling approach accurately captures variability of environmental contamination in
population/scenario/media of interest based on the heterogeneity/homogeneity and
dynamic/static state of the environmental system. For example:

Large sample size (i.e., 210 or more samples for a single scenario).

Use of replicate samples.

Use of systematic or continuous monitoring methods.

Sampling over a sufficient period of time to characterize trends.

For urine, 24-hour samples are collected (vs. first morning voids or spot).
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Rating Description
¢ For biomonitoring studies, the timing of sample collected is appropriate based on
chemical properties (e.g., half-life), the pharmacokinetics of the chemical (e.g., rate of
uptake and elimination), and when the exposure event occurred.

Medium Sampling approach likely captures variability of environmental contamination in
population/scenario/media of interest based on the heterogeneity/homogeneity and
dynamic/static state of the environmental system. Some uncertainty may exist, but it is unlikely
to have a substantial impact on results. For example:

e Moderate sample size (i.e., 5-10 samples for a single scenario), or
e Use of judgmental (non-statistical) sampling approach, or

¢ No replicate samples.

e For urine, first morning voids or pooled spot samples.

Low Sampling approach poorly captures variability of environmental contamination in

population/scenario/media of interest. For example:
e Small sample size (i.e., <5 samples), or
e Use of haphazard sampling approach, or
¢ No replicate samples, or
e Grab or spot samples in single space or time, or
¢ Random sampling that does not include all periods of time or locations, or
e For urine, un-pooled spot samples.

Critically Sample size is not reported.

Deficient Single sample collected per data set.

For biomonitoring studies, the timing of sample collected is not appropriate based on chemical
properties (e.g., half-life), the pharmacokinetics of the chemical (e.g., rate of uptake and
elimination), and when the exposure event occurred.

Not rated/not

applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

comments that may highlight study strengths or important elements such as relevance]

Metric 7. Expos

ure scenario

High The data closely represent relevant exposure scenario (i.e., the population/scenario/media of
interest). Examples include:
e amount and type of chemical/product used
e source of exposure
e method of application or by-stander exposure
e use of exposure controls
e microenvironment (location, time, climate)
Medium The data likely represent the relevant exposure scenario (i.e., population/scenario/media of

interest). One or more key pieces of information may not be described but the deficiencies
are unlikely to have a substantial impact on the characterization of the exposure scenario.

AND/OR

If surrogate data, activities seem similar to the activities within scope.
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Rating Description

Low The data lack multiple key pieces of information, and the deficiencies are likely to have a
substantial impact on the characterization of the exposure scenario.
AND/OR
There are some inconsistencies or possible errors in the reporting of scenario information
(e.g., differences between text and tables in data source, differences between standard method
and actual procedures reported to have been used, etc.) which leads to a lower confidence in the
scenario assessed.
AND/OR
If surrogate data, activities have lesser similarity but are still potentially applicable to the
activities within scope.

Critically If reported, the exposure scenario discussed in the monitored study does not represent the

Deficient exposure scenario of interest for the chemical.

Not rated/Not

applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

comments that may highlight study strengths or important elements such as relevance]

Domain 3. Accessibility/clarity

Metric 8. Reporting of results

High Supplementary or raw data (i.e., individual data points) are reported, allowing summary
statistics to be calculated or reproduced.
AND
Summary statistics are detailed and complete. Example parameters include:
o Description of data set summarized (i.e., location, population, dates, etc.)
¢ Range of concentrations or percentiles
e  Number of samples in data set
e Frequency of detection
e Measure of variation (coefficient of variation [CV], standard deviation)
e Measure of central tendency (mean, geometric mean, median)
o Test for outliers (if applicable)
AND
Both adjusted and unadjusted results are provided (i.e., correction for void completeness in
urine biomonitoring, whole-volume or lipid adjusted for blood biomonitoring, wet or dry weight
for environmental tissue samples or soil samples) [only if applicable].
Medium Supplementary or raw data (i.e., individual data points) are not reported, and therefore summary

statistics cannot be reproduced.

AND/OR

Summary statistics are reported but are missing one or more parameters (see description for
high).

AND/OR

Only adjusted or unadjusted results are provided, but not both [only if applicable].
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Rating Description

Low Supplementary data are not provided, and summary statistics are missing most parameters (see
description for high).
AND/OR
There are some inconsistencies or errors in the results reported, resulting in low confidence in
the results reported (e.g., differences between text and tables in data source, less appropriate
statistical methods).

Critically There are numerous inconsistencies or errors in the calculation and/or reporting of results,

Deficient resulting in highly uncertain reported results.

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 9. Qualit

y assurance

High

The study quality assurance/quality control (QA/QC) measures and all pertinent guakhity
assurance QA/QC information is provided in the data source or companion source. Examples
include:

Field, laboratory, and/or storage recoveries.

Field and laboratory control samples.

Baseline (pre-exposure) samples.

Biomarker stability

Completeness of sample (i.e., creatinine, specific gravity, osmolality for urine samples)

AND

No QA/QC guakity-centrol issues were identified, or any identified issues were minor and
adequately addressed (i.e., correction for low recoveries, correction for completeness).

Medium

The study applied and documented guatity-assurancelguatity-contrel QA/QC measures;

however, one or more pieces of QA/QC information is not described. Missing information is
unlikely to have a substantial impact on results.

AND

No QA/QC gquality-centrol issues were identified, or any identified issues were minor and
addressed (i.e., correction for low recoveries, correction for completeness).

Low

QA/QC measures Quality-assurance/quatity-control-technigues and results were not directly
discussed but are implied through the study’s use of standard field and laboratory protocols.

AND/OR
Deficiencies were noted in quatity-assurancelguality-contrel QA/QC measures that are likely to

have a substantial impact on results.

AND/OR

There are some inconsistencies in the guatity-assurance QA/QC measures reported, resulting in
low confidence in the QA/QC quality-assurance/control measures taken and results (e.g.,

differences between text and tables in data source).

Critically
Deficient

QAJ/QC issues have been identified which significantly interfere with the overall reliability of
the study.
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Rating Description
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Domain 4. Variability and uncertainty

Metric 10. Variability and uncertainty

High The study characterizes variability in the population/media studied.
AND
Key uncertainties, limitations, and data gaps have been identified.
AND
The uncertainties are minimal and have been characterized.
Medium The study has limited characterization of variability in the population/media studied.
AND/OR
The study has limited discussion of key uncertainties, limitations, and data gaps.
AND/OR
Multiple uncertainties have been identified but are unlikely to have a substantial impact on
results.
Low The characterization of variability is absent.
AND/OR
Key uncertainties, limitations, and data gaps are not discussed.
AND/OR
Uncertainties identified may have a substantial impact on the exposure the exposure assessment
Critically Estimates are highly uncertain based on characterization of variability and uncertainty.
Deficient
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Table 5-2. Updated Evaluation Criteria for Experimental Data Sources

Data Quiality
Rating

Metric Description

Domain 1. Reliability

Metric 1. Sampling Methodology and Conditions

High

Samples were collected according to publicly available SOPs, methods, protocols, or test
guidelines that are scientifically sound and widely accepted from a source generally known to
use sound methods and/or approaches such as EPA, NIST, American Society for Testing and
Materials, 1SO, and ACGIH.
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Metric Description

OR

The sampling protocol used was not a publicly available SOP from a source generally known to
use sound methods and/or approaches, but the sampling methodology is clear, appropriate (i.e.,
scientifically sound), and similar to widely accepted protocols for the chemical and media of
interest. All pertinent sampling information is provided in the data source or companion source.
Examples include:

sampling conditions (e.g., temperature, humidity)

sampling equipment and procedures

sample storage conditions/duration

performance/calibration of sampler

Medium

Sampling methodology is discussed in the data source or companion source and is generally
appropriate (i.e., scientifically sound) for the chemical and media of interest, however, one or
more pieces of sampling information is not described. The missing information is unlikely to
have a substantial impact on results.

OR

Standards, methods, protocols, or test guidelines may not be widely accepted, but a successful
validation study for the new/unconventional procedure was conducted prior to the sampling
event and is consistent with sound scientific theory and/or accepted approaches.

Low

Sampling methodology is only briefly discussed. Therefore, most sampling information is
missing and likely to have a substantial impact on results.

AND/OR

The sampling methodology does not represent best sampling methods, protocols, or guidelines
for the chemical and media of interest (e.g., outdated (but still valid) sampling equipment or
procedures, long storage durations).

AND/OR

There are some inconsistencies in the reporting of sampling information (e.g., differences
between text and tables in data source, differences between standard method and actual
procedures reported to have been used, etc.) which lead to a low confidence in the sampling
methodology used.

Critically
Deficient

The sampling methodology is not discussed in the data source or companion source.
AND/OR

Sampling methodology is not scientifically sound or is not consistent with widely accepted
methods/approaches for the chemical and media being analyzed (e.g., inappropriate sampling
equipment, improper storage conditions).

AND/OR

There are numerous inconsistencies in the reporting of sampling information, resulting in high
uncertainty in the sampling methods used.

Not Rated/Not
Applicable

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]
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Metric Description

Metric 2. Analytical methodology

High

Samples were analyzed according to publicly available analytical methods that are scientifically
sound and widely accepted (i.e., from a source generally using sound methods and/or
approaches) and are appropriate for the chemical and media of interest. Examples include EPA
SW-846 Methods, NIOSH Manual of Analytical Methods 5™ Edition, etc.
OR
The analytical method used was not a publicly available method from a source generally known
to use sound methods and/or approaches, but the methodology is clear and appropriate (i.e.,
scientifically sound) and similar to widely accepted protocols for the chemical and media of
interest. All pertinent analytical sampling information is provided in the data source or
companion source. Examples include:

e extraction method
analytical instrumentation (required)
instrument calibration
LOQ, LOD, detection limits, and/or reporting limits
recovery samples
biomarker used (if applicable)
matrix-adjustment method (i.e., creatinine, lipid, moisture)

Medium

Analytical methodology is discussed in detail and is clear and appropriate (i.e., scientifically
sound) for the chemical and media of interest; however, one or more pieces of analytical
information is not described. The missing information is unlikely to have a substantial impact
on results.

AND/OR

The analytical method may not be standard/widely accepted, but a method validation study was
conducted prior to sample analysis and is expected to be consistent with sound scientific theory
and/or accepted approaches.

AND/OR

Samples were collected at a site and immediately analyzed using an on-site mobile laboratory,
rather than shipped to a stationary laboratory.

Low

Analytical methodology is only briefly discussed. Analytical instrumentation is provided and
consistent with accepted analytical instrumentation/methods. However, most analytical
information is missing and likely to have a substantial impact on results.

AND/OR

Analytical method is not standard/widely accepted, and method validation is limited or not
available.

AND/OR

Samples were analyzed using field screening techniques.
AND/OR

LOQ, LOD, detection limits, and/or reporting limits not reported.
AND/OR

There are some inconsistencies or possible errors in the reporting of analytical information (e.g.,
differences between text and tables in data source, differences between standard method and
actual procedures reported to have been used, etc.) which leads to a lower confidence in the
method used.
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Metric Description

Rating

Critically Analytical methodology is not described, including analytical instrumentation (i.e., HPLC, GC).

Deficient AND/OR
Analytical methodology is not scientifically appropriate for the chemical and media being
analyzed (e.g., method not sensitive enough, not specific to the chemical, out of date).
AND/OR
There are numerous inconsistencies in the reporting of analytical information, resulting in high
uncertainty in the analytical methods used.

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 3. Selection of biomarker of exposure

High Biomarker in a specified matrix is known to have an accurate and precise quantitative
relationship with external exposure, internal dose, or target dose (e.g., previous studies (or the
current study) have indicated the biomarker of interest reflects external exposures).
AND
Biomarker (parent chemical or metabolite) is derived from exposure to the chemical of interest.

Medium Biomarker in a specified matrix has accurate and precise quantitative relationship with external
exposure, internal dose, or target dose.
AND
Biomarker is derived from multiple parent chemicals, not only the chemical of interest, but
there is a stated method to apportion the estimate to only the chemical of interest

Low Biomarker in a specified matrix has accurate and precise quantitative relationship with external
exposure, internal dose, or target dose.
AND
Biomarker is derived from multiple parent chemicals, not only the chemical of interest, and
there is NOT a stated method to apportion the estimate to only the chemical of interest.
OR
Biomarker in a specified matrix is a poor surrogate (low accuracy and precision) for
exposure/dose.

Critically Not applicable. A study will not be deemed critically deficient based on the use of biomarker of

Deficient lomarkerin Hi A : ecisi
exposure/dose:

Not Rated/Not | Metric is not applicable to the data source.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]
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Rating Metric Description

Domain 2. Representative

Metric 4. Testing scenario

High Testing conditions closely represent relevant exposure scenarios (i.e., population/scenario/media
of interest). Examples include:

e amount and type of chemical/product used

e source of exposure/test substance

e method of application or by-stander exposure

o use of exposure controls

o microenvironment (location, time, climate, temperature, humidity, pressure, airflow)
AND

Testing conducted under a broad range of conditions for factors such as temperature, humidity,
pressure, airflow, and chemical mass/weight fraction (if appropriate).

Medium The data likely represent the relevant exposure scenario (i.e., population/scenario/media of
interest). One or more key pieces of information may not be described but the deficiencies are
unlikely to have a substantial impact on the characterization of the exposure scenario.
AND/OR

If surrogate data, activities seem similar to the activities within scope.

Low The data lack multiple key pieces of information, and the deficiencies are likely to have a
substantial impact on the characterization of the exposure scenario.
AND/OR

There are some inconsistencies or possible errors in the reporting of scenario information (e.g.,
differences between text and tables in data source, differences between standard method and
actual procedures reported to have been used, etc.) which leads to a lower confidence in the
scenario assessed.

AND/OR

If surrogate data, activities have lesser similarity but are still potentially applicable to the
activities within scope.

AND/OR

Testing conducted under a single set of conditions, except for experiments to determine a
weight fraction or concentration in a product.

Critically Testing conditions are not relevant to the exposure scenario of interest for the chemical.
Deficient

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 5. Sample size and variability

High Sample size is reported and large enough (i.e., > 10 samples) to be reasonably assured that the
samples represent the scenario of interest.

AND
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Metric Description

Rating

Replicate tests performed and variability across tests is characterized (if appropriate).

Medium Sample size is moderate (i.e., 5 to 18-<10 samples), thus the data are likely to represent the
scenario of interest.
AND
Replicate tests performed and variability across tests is characterized (if appropriate).

Low Sample size is small (i.e., <5 samples), thus the data are likely to poorly represent the scenario
of interest.
AND/OR
Replicate tests were not performed.

Critically Sample size is not reported.

Deficient AND/OR
Single sample collected per data set, except for experiments to determine a weight fraction or
concentration in a product.
AND/OR
For biomonitoring studies, the timing of sample collected is not appropriate based on chemical
properties (e.g., half-life), the pharmacokinetics of the chemical (e.g., rate of uptake and
elimination), and when the exposure event occurred.

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 6. Temporality

High Source(s) of tested items appears to be current (within 5 years).

Medium Source(s) of tested items is less consistent with when current or recent exposures (>5 to 15
years) are expected.

Low Source(s) of tested items is not consistent with when current or recent exposures (>15 years) are
expected or is not identified.

Critically Temporality of tested items is not reported, discussed, or referenced.

Deficient

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]
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Rating

Metric Description

Domain 3. Accessibility/clarity

Metric 7. Reporting of results

High

Supplementary or raw data (i.e., individual data points) are reported, allowing summary
statistics to be calculated or reproduced.

AND

Summary statistics are detailed and complete. Example parameters include:
Description of data set summarized (i.e., location, population, dates, etc.)
Range of concentrations or percentiles

Number of samples in data set

Frequency of detection

Measure of variation (CV, standard deviation)

Measure of central tendency (mean, geometric mean, median)

Test for outliers (if applicable)

AND

Both adjusted and unadjusted results are provided (i.e., correction for void completeness in
urine biomonitoring, whole-volume or lipid adjusted for blood biomonitoring) [only if
applicable].

Medium

Supplementary or raw data (i.e., individual data points) are not reported, and therefore summary
statistics cannot be reproduced.

AND/OR

Summary statistics are reported but are missing one or more parameters (see description for
high).

AND/OR

Only adjusted or unadjusted results are provided, but not both [only if applicable].

Low

Supplementary data are not provided, and summary statistics are missing most parameters (see
description for high).

AND/OR

There are some inconsistencies or errors in the results reported, resulting in low confidence in
the results reported (e.g., differences between text and tables in data source, less appropriate
statistical methods).

Critically
Deficient

There are numerous inconsistencies or errors in the calculation and/or reporting of results,
resulting in highly uncertain reported results.

Not Rated/Not
Applicable

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]

Metric 8. Qualit

Yy assurance

High

The study applied quality assurance/quality control (QA/QC) measures and all pertinent QA/QC
guality-assuranee information is provided in the data source or companion source. Examples
include:
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Metric Description

Laboratory, and/or storage recoveries.

Laboratory control samples.

Baseline (pre-exposure) samples.

Biomarker stability

Completeness of sample (i.e., creatinine, specific gravity, osmolality for urine
samples)

AND

No QA/QC gualitycentrol issues were identified, or any identified issues were minor and
adequately addressed (i.e., correction for low recoveries, correction for completeness).

Medium

The study applied and documented guatity-assurancelguatity-control QA/QC measures;

however, one or more pieces of QA/QC information is not described. Missing information is
unlikely to have a substantial impact on results.

AND

No QA/QC gualitycentrol issues were identified, or any identified issues were minor and
addressed (i.e., correction for low recoveries, correction for completeness).

Low

QA/QC Quality-assurancelguakity-control-technigues measures and results were not directly
discussed but are ean-be-implied through the study’s use of standard field and laboratory

protocols.
AND/OR

Deficiencies were noted in QA/QC guality-assurancelguatity-control measures that are likely to

have a substantial impact on results.

AND/OR

There are some inconsistencies in the QA/QC guality-assuranee measures reported, resulting in
low confidence in the guality-assuraneelcentrol QA/QC measures taken and results (e.g.,

differences between text and tables in data source).

Critically
Deficient

QA/QC issues have been identified which significantly interfere with the overall reliability of
the study.

Not Rated/Not
Applicable

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]

Domain 4. Variability and uncertainty

Metric 9. Variability and uncertainty

High

The study characterizes variability in the population/media studied.
AND

Key uncertainties, limitations, and data gaps have been identified.
AND

The uncertainties are minimal and have been characterized.

Medium

The study has limited characterization of variability in the population/media studied.
AND/OR
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Metric Description

Rating
The study has limited discussion of key uncertainties, limitations, and data gaps.
AND/OR
Multiple uncertainties have been identified but are unlikely to have a substantial impact on
results.
Low The characterization of variability is absent.
AND/OR
Key uncertainties, limitations, and data gaps are not discussed.
AND/OR
Uncertainties identified may have a substantial impact on the-expestre the exposure assessment
Critically Estimates are highly uncertain based on characterization of variability and uncertainty.
Deficient
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Table 5-3. Updated Data Evaluation Criteria for Database Data

Data Quality
Rating

Description

Domain 1. Reliability

Metric 1. Sampling methodology

High Widely accepted sampling methodologies (i.e., from a source generally known to use usiag
sound methods and/or approaches) were used to generate the data presented in the database.
Example SOPs include USGS’s “National Field Manual for the Collection of Water-Quality
Data,” EPA’s “Ambient Air Sampling” (SESDPROC-303-R5), etc.

Medium One or more pieces of sampling methodology information is not described, but missing
information is unlikely to have a substantial impact on results.
OR
The sampling methodologies were consistent with sound scientific theory and/or accepted
approaches based on the reported sampling information but may not have followed published
procedures from a source generally known to use sound methods and/or approaches.

Low The sampling methodology was not reported in data source or _readily available companion data
source.

Critically The sampling methodologies used were not appropriate for the chemical/media of interest in the

Deficient database (e.g., inappropriate sampling equipment, improper storage conditions).

Not Rated/Not

Applicable
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Rating Description
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 2. Analytical methodology

High Widely accepted analytical methodologies (i.e., from a source generally using sound methods
and/or approaches) were used to generate the data presented in the database. Example SOPs
include EPA SW-846 Methods, NIOSH Manual of Analytical Methods 5th Edition, etc.

Medium The analytical methodologies were consistent with sound scientific theory and/or accepted
approaches based on the reported analytical information but may not have followed published
procedures from a source generally known to use sound methods and/or approaches.

Low The analytical methodology was not reported in data source or companion data source.

Critically The analytical methodologies used were not appropriate for the chemical/media of interest in

Deficient the database (e.g., method not sensitive enough, not specific to the chemical, out of date).

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Domain 2. Representative

Metric 3. Geographic area

High Geographic location(s) is reported, discussed, or referenced.

Medium Not applicable. This metric is dichotomous (i.e., high vs. critically deficient).

Low Not applicable. This metric is dichotomous (i.e., high vs. critically deficient).

Critically Geographic location is not reported, discussed, or referenced.

Deficient

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 4. Temporal

High The data reflect current conditions (within 5 years)

AND/OR

Database contains robust historical data for spatial and temporal analyses (if applicable).
Medium The data are less consistent with current or recent exposures (>5 to 15 years)

AND/OR
Database contains sufficient historical data for spatial and temporal analyses (if applicable).
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Rating Description

Low Data are not consistent with when current exposures (>15 years old) may be expected
AND/OR
Database does not contain enough historical data for spatial and temporal analyses (if
applicable).

Critically Timing of sample data is not reported, discussed, or referenced.

Deficient

Not Rated/Not

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 5. Expos

ure scenario

High

The data closely represent relevant exposure scenario (i.e., the population/scenario/media of
interest). Examples include:

Amount and type of chemical/product used

Source of exposure

Method of application or by-stander exposure

Use of exposure controls

Microenvironment (location, time, climate)

Medium

The data likely represent the relevant exposure scenario (i.e., population/scenario/media of
interest). One or more key pieces of information may not be described but the deficiencies
are unlikely to have a substantial impact on the characterization of the exposure scenario.
AND/OR

If surrogate data, activities seem similar to the activities within scope.

Low

The data lack multiple key pieces of information and the deficiencies are likely to have a
substantial impact on the characterization of the exposure scenario.

AND/OR

There are some inconsistencies or possible errors in the reporting of scenario information
(e.g., differences between text and tables in data source, differences between standard method
and actual procedures reported to have been used, etc.) which leads to a lower confidence in the
scenario assessed.

AND/OR

If surrogate data, activities have lesser similarity but are still potentially applicable to the
activities within scope.

Critically
Deficient

If reported, the exposure scenario discussed in the monitored study does not represent the
exposure scenario of interest for the chemical.

Not Rated/Not
Applicable

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]
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Description

Domain 3. Accessibility/clarity

Metric 6. Availability of database and supporting documents

High Database is widely accepted and/or from a source generally known to use sound methods and/or
approaches (e.g., raw data from NHANES, STORET).
Medium The database may not be widely known or accepted (e.g., state-maintained databases), but the
database is adequately documented with most or all of the following information:
1. Within the database, metadata is present (sample identifiers, annotations, flags, units,
matrix descriptions, etc.) and-data fields are generally clear and defined.
2. A user manual and other supporting documentation is available, or there is sufficient
documentation in the data source or companion source.
Database quality assurance and data quality control measures are defined and/or a QA/QC
protocol was followed.
Low The database may not be widely known or accepted, and only limited database documentation is
available (see the medium rating).
Critically No information is provided on the database source or availability to the public.
Deficient
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 7. Reporting of results

High

The database or information source reporting the analysis of the database data is well organized
and understandable by the target audience.

AND

Summary statistics in the data source are detailed and complete. Example parameters include:

Description of data set summarized (i.e., location, population, dates, etc.)
Range of concentrations or percentiles

Number of samples in data set

Frequency of detection

Measure of variation (CV, standard deviation)

Measure of central tendency (mean, geometric mean, median)

Test for outliers (if applicable)

Medium

The database or information source reporting the analysis of the database data is well organized
and understandable by the target audience.

AND/OR
Summary statistics are missing one or more parameters (see description for high).

Low

The database or information source reporting the analysis of the database data is unclear or not
well organized.

AND/OR
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Rating Description
Summary statistics are missing most parameters (see description for high)
AND/OR
There are some inconsistencies or errors in the results reported, resulting in low confidence in
the results reported (e.g., differences between text and tables in data source, less appropriate
statistical methods).
Critically There are numerous inconsistencies or errors in the calculation and/or reporting of results,
Deficient resulting in highly uncertain reported results.
AND/OR
The information source reporting the analysis of the database data is missing key sections or
lacks enough organization and clarity to locate and extract necessary information.
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Domain 4. Variability and uncertainty

Metric 8. Variability and uncertainty

High Variability, key uncertainties, limitations, and/or data gaps have been identified.
AND/OR
The uncertainties are minimal and have been characterized.
Medium The study has limited discussion of variability, key uncertainties, limitations, and/or data gaps.
AND/OR
Multiple uncertainties have been identified but are unlikely to have a substantial impact on
results.
Low Variability, key uncertainties, limitations, and data gaps are not discussed.
AND/OR
Uncertainties identified may have a substantial impact on the exposure the exposure assessment
Critically Estimates are highly uncertain based on characterization of variability and uncertainty.
Deficient
Not Rated/Not
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

5.5 Environmental and Human Health Hazard

Details regarding the evaluation and extraction of environmental and human health hazard information
from references that met PECO screening criteria are available in Sections 5 and 6.4 of the 2021 Draft
Systematic Review Protocol. Data quality criteria for environmental studies, animal and in vitro toxicity
studies and epidemiological studies are available in Appendix P, Q, and R in the 2021 Draft Systematic
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Review Protocol, respectively (U.S. EPA, 2021a). Any updates made to the data quality evaluation and
extraction forms for human health hazard information since the 2021 Draft Systematic Review Protocol
was published (U.S. EPA, 2021a) are described below in Section 5.5.2. The below-listed supplemental
documents provide details of the data evaluated and extracted. Data evaluation information for each
discipline (i.e., environmental and human health hazard) is contained in separate supplemental
documents and includes metric ratings and the overall study quality determination for each data source.
On the other hand, data extraction information for both disciplines are contained in a single
supplemental document to increase the ease of accessing hazard data that may be relevant for both
environmental receptors and human health populations (including the animal data that informs human
health). One clarification that applies to the data extraction of human health hazard data is that all the
data extraction was conducted in DistillerSR. In regard to the environmental hazard data, for references
that meet PECO screening criteria at full text screening, the available environmental hazard data were
extracted from those references in the ECOTOXicology Knowledgebase (ECOTOX) database and then
imported into DistillerSR.

- Data Quality Evaluation Information for Environmental Hazard for Diisononyl Phthalate
(DINP) — Systematic Review Support Document for the Risk Evaluation (U.S. EPA, 2024p)

- Data Quality Evaluation Information for Human Health Hazard Epidemiology for Diisononyl
Phthalate (DINP) — Systematic Review Support Document for the Risk Evaluation (U.S. EPA
20245s)

- Data Quality Evaluation Information for Human Health Hazard Animal Toxicology for
Diisononyl Phthalate (DINP) — Systematic Review Support Document for the Risk Evaluation
(U.S. EPA, 2024r)

- Data Extraction Information for Environmental Hazard and Human Health Hazard Animal
Toxicology and Epidemiology for Diisononyl Phthalate (DINP) — Systematic Review Support
Document for the Risk Evaluation (U.S. EPA, 2024j)

5.5.1 Environmental Hazard

As described in Appendix R of the 2021 Draft Systematic Review Protocol, references that met PECO
criteria at full-text screening underwent data quality evaluation (U.S. EPA, 2021a). Likewise, for
references that met PECO criteria at full-text screening underwent data extraction as described in
Section 6.4.1 of the Draft Systematic Review Protocol (U.S. EPA, 2021a). One clarification regarding
the extraction of environmental hazard data is that all of the extracted data, except those with
confidential business information claims, will be available in the ECOTOX database, which is publicly
available.

All the references that met the PECO screening criteria from the sources identified in the original
literature search in 2019 as well as references from sources identified in the updated literature search in
June 2024 underwent the same data quality evaluation and data extraction process.

Terrestrial mammalian wildlife studies are seldom available. Thus, EPA used rodent data as surrogate
for terrestrial mammalian wildlife to inform the terrestrial environmental hazard assessment. Rodent
studies, which are an integral part of the human health hazard assessment, were evaluated and extracted
as described in Section 5.5.2.2. For clarity, the rodent studies and health outcomes that were used to
inform terrestrial environmental hazard are listed in the section named Data Extraction of Rodent Data
for the Application of Environmental Hazard of the Data Extraction Information for Environmental
Hazard and Human Health Hazard Animal Toxicology and Epidemiology for Diisononyl Phthalate
(DINP) — Systematic Review Support Document for the Risk Evaluation (U.S. EPA, 2024)).
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Data Evaluation and Data Extraction Cross Walk

As per the established systematic review process described in the 2021 Draft Systematic Review
Protocol, data extraction is completed for all health outcomes regardless of the overall quality
determination a study has received during data quality evaluation (i.e., rating of high, medium, low, or
uninformative). Moreover, initial data extractions for environmental hazard are completed outside of
DistillerSR by contractors that support ECOTOX, database managed by EPA’s ORD. Data extraction
QC for DINP was completed within DistillerSR by reviewers with expertise in environmental hazard
data.

Since the 2021 Draft Systematic Review Protocol was published, an additional process improvement
step has been incorporated into the environmental hazard TSCA systematic review process. Reviewers
that perform the data extraction QC need to cross walk data evaluation forms to data extraction forms to
ensure that health outcomes for each experimental condition reported in the study match in both the data
evaluation and extraction forms; this step is necessary because the initial data extractions are completed
outside of DistillerSR independently of the data evaluation process within DistillerSR. In addition,
reviewers completing the cross walk during the data extraction QC need to ensure that the rating for the
health outcome in the data evaluation forms is also reported in the data extraction forms.

To maximize efficiency for the completion of the data evaluation and data extraction cross walk, an
external (outside of DistillerSR) automated function has been added. Figure 5-1 summarizes the steps
that a study that meets the PECO screening criteria for environmental hazard (green circle in Figure 5-1)
follows until completion of the data evaluation and data extraction cross walk (gray oval with check
mark in Figure 5-1). The initial data extractions by ECOTOX contractors occur outside of DistillerSR
(orange ECOTOX box in Figure 5-1), and data converted into a JSON file are later imported into
DistillerSR in preparation for the data extraction QC by reviewers (second blue square in the red
DistillerSR box in Figure 5-1).

The light purple box with the label “External processing” in Figure 5-1 illustrates the steps that occur
outside of DistillerSR including the automated crosswalk function (blue square with an asterisk).
Specifically, this automated function starts with a data extraction form and compares to the
corresponding data evaluation form by first filtering by HERO ID, then filtering by species name,
followed by lifestage of the organism, exposure duration, health outcome and chemical type. For each of
these filtering levels as the matching function is run, if there is a data evaluation form that corresponds
to the data extraction criteria, there is a successful match and the health outcomes in the data extraction
form and data evaluation forms are aligned and, the rating is also added in the data extraction forms. On
the contrary, if there is no data evaluation that corresponds to the data extraction criteria, the automated
cross walk stops, and the outcome of the function is “No Match”. If there is no match by the automated
function, the cross walk is completed manually at the final step. Once the automated cross walk function
is complete, the data are converted to a JSON file that is uploaded into DistillerSR. For the final step, the
QCer reviews the data extraction forms for the successful automated matches and completes the cross
walk manually for the forms that did not match (blue square with double asterisks in Figure 5-1), at
which point the data evaluation and data extraction cross walk is complete.
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Figure 5-1. Data Evaluation and Data Extraction Cross Walk Workflow for Environmental
Hazard

At the completion of the data evaluation and data extraction cross walk for DINP, the data extraction
information was included in the Data Extraction Information for Environmental Hazard and Human
Health Hazard Animal Toxicology and Epidemiology for Diisononyl Phthalate (DINP) — Systematic
Review Support Document for the Risk Evaluation (U.S. EPA, 2024j).

5.5.2 Human Health Hazard
As described in Section 4.6.1, references that met further filtering criteria underwent data quality
evaluation. Epidemiology references with an overall quality determination (OQD) of High, Medium, or
Low underwent data extraction; data weren’t extracted from Uninformative references. This section
describes updates made to the data quality evaluation and extraction forms since the 2021 Draft
Systematic Review Protocol was published (U.S. EPA, 2021a).

As a result of feedback from NASEM, the SACC, and multiple external stakeholders, OPPT explored
ways to harmonize its Systematic Review Protocol with the IRIS Systematic Review Handbook. Besides
being responsive to feedback, this effort was envisioned to have several additional benefits. It would
facilitate the sharing of systematic review outputs between programs. This would not only make reviews
reusable by other Agency units, but also could mean that chemical-specific assessments could be split up
into modules, with each Agency unit sharing their results to form a final assessment. This in turn would
conserve Agency resources. Harmonization of the protocols would also avoid waste of government
funds (which is an imperative for all Agency managers) by not having employees and contractors in
different EPA offices performing substantially similar reviews on the same references. Finally, it would
prevent divergent conclusions from being reached by different parts of EPA within a very limited
timeframe, supporting the vision of “One EPA”.

The process of harmonizing the TSCA Systematic Review Protocol with the IRIS Systematic Review
Handbook was a collaborative effort between OPPT and ORD. The OPPT team developed an
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IRIS/TSCA crosswalk that mapped corresponding IRIS and TSCA data quality evaluation domains. The
IRIS data quality evaluation tool has fewer metrics compared to the old TSCA tool — an IRIS domain
consisting of one metric might have a corresponding domain on the old TSCA form that consisted of
several metrics; hence, multiple old TSCA metrics were mapped into a smaller number of IRIS metrics
(many-to-one). Systematic review practitioners in both offices reviewed the mapping and confirmed that
the data quality considerations on the old TSCA form were captured in the IRIS form. Therefore, new
harmonized TSCA forms were developed based on the mapping of IRIS metrics to TSCA domains.
Once general agreement was reached, a small number of references were used for calibration of the new
forms to ensure 1) that the results were concordant between OPPT and IRIS and 2) that the results were
concordant between the old TSCA data quality evaluation form and the harmonized data quality
evaluation form. Once both the systematic review project managers and the teams of
practitioner/evaluators were satisfied, the harmonized TSCA forms were finalized and put into use.
Further details on the forms are described in the discipline-specific sections below (see section 5.5.2.1
for details on the data evaluation forms for epidemiology studies and section 5.5.2.2 for details on the
data evaluation forms for animal toxicity studies used in assessing human health hazard).

5.5.2.1 Epidemiology Studies
As described above in Section 4.6.2.1, all references containing epidemiological information that met
PECO screening criteria during full-text screening proceeded to an additional further filtering screening
step. References that met the further filtering screening criteria then proceeded to data quality evaluation
and extraction.

Epidemiology references that met the further filtering criteria were evaluated using the OPPT data
quality evaluation form, which was modified to be more consistent with the IRIS data quality evaluation
form, as described above. This modified form is referred to as the new harmonized TSCA epidemiology
data quality evaluation form.

The old TSCA epidemiology data quality evaluation form used for other chemicals included six data
quality evaluation domains, each of which included three or more metrics, such that the entire form
included consideration of 22 different metrics. The new harmonized TSCA epidemiology data quality
evaluation form used for DINP includes the first five domains from the old TSCA data quality
evaluation form, but the metrics are collapsed and streamlined with each domain having just one or two
metrics. The new harmonized TSCA data quality evaluation form does not include the Biomarker
domain from the old TSCA data quality evaluation form because biomarker considerations are now
included in other domains. In particular, biomarkers of exposure are evaluated in Metric 2A of the
Exposure Characterization Domain, biomarkers of effect are evaluated in Metric 3A of the Outcome
Assessment Domain, and analytical components of biomarker assessments are evaluated in Metric 5A of
the Analysis Domain. The evaluator assesses pre-defined criteria on the form to rate each metric as
High, Medium, Low, or Critically Deficient for the reference.

The first step in developing the new harmonized data quality evaluation form was an IRIS-TSCA
crosswalk that compared IRIS and TSCA domains, metrics, and criteria. Table 5-4 below summarizes
the correspondence between IRIS and TSCA data quality evaluation domains. A more detailed
crosswalk and discussion with experts from the ORD IRIS program indicated that all of the criteria that
were assessed on the old TSCA form corresponded with components of the criteria assessed on the IRIS
data quality evaluation form. Therefore, data quality evaluation criteria from the IRIS Handbook were
used on the new harmonized TSCA forms. These criteria were further modified based on calibration
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discussions. The data quality evaluation instructions, domains, metrics, and criteria for the new
harmonized TSCA Epidemiology Data Quality Evaluation form are presented below in Table 5-5.

The assessment of each of the metrics contributes to an OQD of High, Medium, Low, or Uninformative
for the reference. Some references contain multiple health outcomes, therefore, a given reference may
have multiple data quality evaluation forms and respective OQDs.

Table 5-4. Summary of Crosswalk of IRIS Domains, TSCA Domains, Old TSCA Form Metrics,
and Harmonized TSCA Form Metrics for Epidemiology Studies

IRIS Domain
(one metric per domain)

TSCA Domain

Old TSCA Form
Metrics

Harmonized TSCA
Form Domains and
Metrics

Participant Selection

1. Study Participation

1,23

Domain 1, Metric 1A

Exposure Measurement

2. Exposure
Characterization

4,5,6

Domain 2, Metric 2A

Outcome Ascertainment

3. Outcome Assessment

7. Outcome Measurement
or Characterization

Domain 3, Metric 3A

Confounding 4. Potential Confounding | 9, 10, 11 Domain 4, Metric 4A
/ Variability Control
Analysis 5. Analysis 12, 14,15 Domain 5, Metric 5A

Selective Reporting

3. Outcome Assessment

8. Reporting Bias

Domain 3, Metric 3B

Sensitivity

5. Analysis

13. Statistical Power

Domain 5, Metric 5B

Part of other domains

6. Biomarkers

16, 17, 18, 19, 20, 21, 22

Part of Domains 2, 3, and
5

Table 5-5. Harmonized TSCA Epidemiology Data Quality Evaluation Form

Data Quality
Rating

Description

Domain 1. Study participation

(Combines/Collapses old TSCA Metrics 1, 2, and 3 into one metric - Metric 1A)

Metric 1A. Participant Selection (Combines Old TSCA Form Metrics 1, 2, and 3)

High

Mark as high/good if:
For all study types:

- There is minimal concern for selection bias based on description of recruitment process
(e.g., selection of comparison population, population-based random sample selection,
recruitment from sampling frame including current and previous employees).

- Exclusion and inclusion criteria for participants specified and would not induce bias.

- Participation rate is reported at all steps of study (e.g., initial enrollment, follow-up,
selection into analysis sample). If rate is not high, there is appropriate rationale for why it is
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Rating Description

unlikely to be related to exposure (e.g., comparison between participants and nonparticipants
or other available information indicates differential selection is not likely).

Medium Mark as medium/adequate if:
- Enough of a description of the recruitment process to be comfortable that there is no serious
risk of bias.
- Inclusion and exclusion criteria for participants specified and would not induce bias.
- Participation rate is incompletely reported but available information indicates participation is
unlikely to be related to exposure.

Low Mark as low/deficient if:
- Little information on recruitment process, selection strategy, sampling framework and/or
participation OR aspects of these processes raises the potential for bias (e.g., healthy worker
effect, survivor bias).

Critically Mark as uninformative/critically deficient if:

deficient - Aspects of the processes for recruitment, selection strategy, sampling framework, or

participation result in concern that selection bias is likely to have had a large impact on effect
estimates (e.g., convenience sample with no information about recruitment and selection,
cases and controls are recruited from different sources with different likelihood of exposure,
recruitment materials stated outcome of interest and potential participants are aware of or are
concerned about specific exposures).

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric.
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.

Domain 2. Exposure characterization

(Combines/Collapses old TSCA metrics 4, 5, and 6 into one metric — Metric 2A)

Metric 2A. Exposure Measurement (Combines Old TSCA Form Metrics 4, 5, and 6)

High

Mark as high/good if:

- Valid exposure assessment methods were used, which represent the etiologically relevant
time period of interest.

- Exposure misclassification is expected to be minimal.

Medium

Mark as medium/adequate if:

- Valid exposure assessment methods were used, which represent the etiologically relevant
time period of interest.

- Exposure misclassification may exist but is not expected to greatly change the effect
estimate.

Low

Mark as low/deficient if:

- Valid exposure assessment methods were used, which represent the etiologically relevant
time period of interest. Specific knowledge about the exposure and outcome raise concerns
about reverse causality, but there is uncertainty whether it is influencing the effect estimate.
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Rating Description
- Exposed groups are expected to contain a notable proportion of unexposed or minimally
exposed individuals, the method did not capture important temporal or spatial variation, or
there is other evidence of exposure misclassification that would be expected to notably change
the effect estimate.
Critically Mark as uninformative/critically deficient if:
deficient

- Exposure measurement does not characterize the etiologically relevant time period of
exposure or is not valid.

- There is evidence that reverse causality is very likely to account for the observed
association.

- Exposure measurement was not independent of outcome status.

For Phthalates Only: For all short-chain phthalates and for primary metabolites (e.g., MEHP,
MINP) of long-chain phthalates and for phthalate diesters, if the only exposure measurement
was a non-urine biomarker (e.g., blood) then this metric should be rated as
Uninformative/Critically Deficient. Biomarker matrices other than urine may be used for
secondary metabolites of long-chain phthalates. (These criteria are based on the IRIS Protocol
for the Systematic Review of the Health Effects of Phthalate Exposure, November 2017).

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric.
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.

Domain 3. Outcome assessment

(Includes corresponding IRIS metrics for old TSCA Metrics 7 and 8 — Metrics 3A and 3B, respectively)

Metric 3A. Outcome Ascertainment (Corresponds to Old TSCA Form Metric 7. Outcome Measurement or

Characterization)

High Mark as high/good if:
- High certainty in the outcome definition (i.e., specificity and sensitivity), minimal concerns
with respect to misclassification.
- Assessment instrument was validated in a population comparable to the one from which the
study group was selected.

Medium Mark as medium/adequate if:
- Moderate confidence that outcome definition was specific and sensitive, some uncertainty
with respect to misclassification but not expected to greatly change the effect estimate.
- Assessment instrument was validated but not necessarily in a population comparable to the
study group.

Low Mark as low/deficient if:
- Outcome definition was not specific or sensitive.
- Uncertainty regarding validity of assessment instrument.

Critically Mark as uninformative/critically deficient if:

deficient - Invalid/insensitive marker of outcome.

- Outcome ascertainment is very likely to be affected by knowledge of, or presence of,
exposure.
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Description

Note: Lack of blinding should not be automatically construed to be critically deficient.

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric.
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.

Metric 3B. Selective Reporting (Corresponds to Old TSCA Form Metric 8. Reporting Bias)

Note:

It is currently rare that a study would cite a registered methods paper. Because we often can't know whether
there is selective reporting, consistent with IRIS, this metric will often be rated as Medium/Adequate rather
than Good/High. Ensure that the study’s OQD is not getting downgraded from High to Medium solely because
of the Selective Reporting Metric. But the metric itself will often be rated as Medium/Adequate.

High Mark as high/good if:
- The results reported by study authors are consistent with the primary and secondary analyses
described in a registered protocol or methods paper.

Medium Mark as medium/adequate if:
- The authors described their primary (and secondary) analyses in the methods section and
results were reported for all primary analyses.

Low Mark as low/deficient if:
- Concerns were raised based on previous publications, a methods paper, or a registered
protocol indicating that analyses were planned or conducted that were not reported, or that
hypotheses originally considered to be secondary were represented as primary in the reviewed
paper.
- Only subgroup analyses were reported suggesting that results for the entire group were
omitted.
- Only statistically significant results were reported.

Critically Mark as uninformative/critically deficient if:

deficient - Do not select for this metric

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric.
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.

Domain 4. Potential confounding/Variable control

Potential Confounding / Variability Control (Combines/Collapses old TSCA metrics 9,10, and 11 into one

metric — Metric 4A)

Metric 4A. Potential Confounding (Combines Old TSCA Form metrics 9,10, and 11)

High

Mark as high/good if:
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Rating Description

- Conveys strategy for identifying key confounders. This may include a priori biological
considerations, published literature, causal diagrams, or statistical analyses; with recognition
that not all “risk factors” are confounders.
- Inclusion of potential confounders in statistical models not based solely on statistical
significance criteria (e.g., p < 0.05 from stepwise regression).
- Does not include variables in the models that are likely to be influential colliders or
intermediates on the causal pathway.
- Key confounders are evaluated appropriately and considered to be unlikely sources of
substantial confounding. This often will include:
Presenting the distribution of potential confounders by levels of the exposure of interest
and/or the outcomes of interest (with amount of missing data noted);
Consideration that potential confounders were rare among the study population, or were
expected to be poorly correlated with exposure of interest;
Consideration of the most relevant functional forms of potential confounders;
Examination of the potential impact of measurement error or missing data on confounder
adjustment;
Presenting a progression of model results with adjustments for different potential
confounders, if warranted.

Medium Mark as medium/adequate if:
- Similar to high/good but may not have included all key confounders, or less detail may be
available on the evaluation of confounders (e.g., sub-bullets in high/good). It is possible that
residual confounding could explain part of the observed effect, but concern is minimal.

Low Mark as low/deficient if:
- Does not include variables in the models that are likely to be influential colliders or
intermediates on the causal pathway.
And any of the following:
- The potential for bias to explain some of the results is high based on an inability to rule out
residual confounding, such as a lack of demonstration that key confounders of the exposure-
outcome relationships were considered;
- Descriptive information on key confounders (e.g., their relationship relative to the outcomes
and exposure levels) are not presented; or
- Strategy of evaluating confounding is unclear or is not recommended (e.g., only based on
statistical significance criteria or stepwise regression [forward or backward elimination]).

Critically Mark as uninformative/critically deficient if:

deficient - Includes variables in the models that are colliders and/or intermediates in the causal

pathway, indicating that substantial bias is likely from this adjustment; or

- Confounding is likely present and not accounted for, indicating that all of the results were
most likely due to bias.

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.
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Domain 5. Analysis

(Combines/Collapses old TSCA Metrics 12, 14, and 15 into one metric and includes the corresponding IRIS
metric for TSCA Metric 13 — Metrics 5A and 5B, respectively)

Metric 5A. Analysis (Combines Old TSCA Form Metrics 12, 14, and 15: Study Design and Methods,
Reproducibility of Analyses, and Statistical Models)

High Mark as high/good if:

- Use of an optimal characterization of the outcome variable.

- Quantitative results presented (effect estimates and confidence limits or variability in
estimates; i.e., not presented only as a p-value or “significant”/ “not significant”).

- Descriptive information about outcome and exposure provided (where applicable).

- Amount of missing data noted and addressed appropriately (discussion of selection
issues—missing at random vs. differential).

- Where applicable, for exposure, includes LOD (and percentage below the LOD), and
decision to use log transformation.

- Includes analyses that address robustness of findings, e.g., examination of exposure-
response (explicit consideration of nonlinear possibilities, quadratic, spline, or
threshold/ceiling effects included, when feasible); relevant sensitivity analyses; effect
modification examined based only on a priori rationale with sufficient numbers.

- No deficiencies in analysis evident. Discussion of some details may be absent (e.g.,
examination of outliers).

Medium Mark as medium/adequate if:

Same as high/good except:

- Descriptive information about exposure provided (where applicable) but may be incomplete;
might not have discussed missing data, cut-points, or shape of distribution.

- Includes analyses that address robustness of findings (examples in high/good), but some
important analyses are not performed.

Low Mark as low/deficient if:

- Does not conduct analysis using optimal characterization of the outcome variable.

- Descriptive information about exposure levels not provided (where applicable).

- Effect estimate and p-value presented, without standard error or confidence interval.
- Results presented as statistically “significant”/“not significant.”

- Sufficient details on test or model assumptions were not provided and there is some
indication that the test or model might have been inappropriate.

Critically Mark as uninformative/critically deficient if:

deficient - Results of analyses of effect modification examined without clear a priori rationale and
without providing main/principal effects (e.g., presentation only of statistically significant
interactions that were not hypothesis driven).

- Analysis methods are not appropriate for design or data of the study.

Not rated/not Mark as N/A if:
applicable - Do not select for this metric.
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Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance.

Metric 5B. Sensitivity (Corresponds to Old TSCA Form Metric 13. Statistical Power)

High Mark as high/good if:
- Study sensitivity was high due to sufficient exposure contrast, large sample size and
examination of a relevant and sensitive population and minimal bias related to sensitivity in
other domains.

Medium Mark as medium/adequate if:
- The range of exposure levels provides adequate variability to evaluate primary hypotheses in
study.
- The population was exposed to levels expected to have an impact on response.
- The study population was sensitive to the development of the outcomes of interest (e.g.,
ages, life stage, sex).
- The timing of outcome ascertainment was appropriate given expected latency for outcome
development (i.e., adequate follow-up interval).
- The study was adequately powered to observe an effect, with a moderate sample size.
- No other concerns raised regarding study sensitivity.

Low Mark as low/deficient if:
- Study sensitivity was deficient due to insufficient exposure contrast and/or small sample size
in a non-sensitive or non-relevant population

Critically Mark as uninformative/critically deficient if:

deficient

- There is a lack of critical information needed to inform the ability of the study to detect an
effect if it exists, [and/or] there is indication that the study was unlikely to be able to do so.

Not rated/not

Mark as N/A if:

applicable - Do not select for this metric.
Reviewer’s Document concerns, uncertainties, limitations, and deficiencies and any additional comments
comments that may highlight study strengths or important elements such as relevance

Overall Quality

Determination (OQD)

Additional
Comments

Additional comments:

Based on your
professional

Select one of the following:
Yes, | would upgrade the paper

judgledment, Briefly describe why you decided to upgrade this study:
would you Yes, | would downgrade the paper

upgrade or . . . . ]
downgrade Briefly describe why you decided to downgrade this study:
this study's Neither — Keep quality rating as is

oQD?

Specify which | High

0OQD you
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confirm the
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suggest a new
one based on
your
professional
judgement?

5.5.2.2 Animal Toxicity Studies

Data quality evaluation of human health animal toxicity studies was conducted using the new
harmonized data quality evaluation form. The impetus for development of this form was described
above, the goal of which was to harmonize the data evaluation form from the existing TSCA Systematic
Review Protocol with that from the IRIS Systematic Review Handbook. Table 5-6 describes the six
domains and lists the number of metrics in each domain included in the new harmonized TSCA form.
Since there are fewer domains in the IRIS Systematic Review Handbook than the TSCA Systematic
Review Protocol, there was a many-to-one mapping from the old TSCA data quality evaluation form to
the new harmonized TSCA data quality evaluation form as illustrated in the far-right column in Table
5-7. The far-right column depicts the individual metrics from the old TSCA data quality evaluation form
that were mapped to the new harmonized TSCA data quality evaluation form. Moreover, Table 5-6
defines the domains in the new harmonized TSCA data quality evaluation form and describes how the
old TSCA evaluation form metrics align with this new language. Detailed descriptions of each old
TSCA form metrics in Table 5-6 can be found in Appendix Q of the 2021 Draft Systematic Review
Protocol (U.S. EPA, 2021a).

The new harmonized TSCA data quality evaluation form is described in Table 5-7 below. This form is
applicable to the data quality evaluation of animal toxicity studies beyond DINP and thus will also be
used in the systematic review of studies reporting exposure to other TSCA High Priority Substances.

With the impetus of preserving historic context and educate evaluators, explanatory text summarizing
the origin of the new harmonized forms and how the old TSCA metrics map to the new harmonized
TSCA domains in data evaluation forms can be found in the header row of Table 5-7. Extensive
calibration sessions were completed to ensure the team of contractors and EPA staff were trained and
confident that the two forms (i.e., old TSCA form and harmonized TSCA form) produced equivalent
results. Finally, all metrics in the data quality evaluation form include a comment box for reviewers to
catalogue reference details not otherwise captured in the metric text, reading: “Reviewer comments:
Document concerns, uncertainties, limitations, and deficiencies and any additional comments that may
highlight study strengths or important elements such as relevance.”
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Table 5-6. Summary of Harmonized TSCA Domains and Domain Definitions, Harmonized TSCA
Form Metrics, and Old TSCA Form Metrics for Human Health Animal Toxicity Studies.

Harmonized TSCA
Form Domains

Harmonized TSCA Form Domain Definition

Harmonized
TSCA Form
Metrics

Old TSCA Form
Metrics

Domain 1. Reporting
quality

Domain 1 evaluates the reporting of details in
the study. It uses two main categories of
information: 1) critical, and 2) important.
Critical information is considered essential and
without it, the quality of the study may not be
sufficiently evaluated. Important information is
not required for evaluation, but it supports the
critical information.

Single metric

Metrics 13, 14,
and 15

Domain 2. Selection
and performance

Domain 2 evaluates the risk of bias using
metrics that assess allocation methods and
observational bias. The randomization of the
study design ensures that the effect observed is
due to the exposure. Bias in observational
measurements may lead to questions about the
validity and reliability about the results of an
experiment.

Metrics 2.1
and 2.2

Metrics 6 and 19

Domain 3.
Confounding/Variable
Control

Domain 3 evaluates the use of appropriate
controls and/or comparators to discern the
relationship between exposure to the test
substance and the outcome(s)/endpoint(s) of
interest. The use of controls and comparator
and accounting for confounding variables
minimizes bias so that the effect can be
specifically attributed to the exposure.

Single metric

Metrics 4 and 5,
20, and 21

Domain 4. Selective
Reporting and
Attrition

Domain 4 evaluates the risk of bias due to
selective reporting and attrition. The study
should report intended sample sizes for all
outcome(s)/endpoint(s) of interest, and
discrepancies between the number of animals
used to generate data points should also be
adequately addressed. Attrition of animals
during the experiment should be explained and
transparent.

Single metric

Metric 22

Domain 5. Exposure
methods sensitivity

Domain 5 evaluates the chemical
administration and characterization. The
information reported on the test substance
should verify that exposure is in fact to the
substance of interest, and the route and method
of administration should be appropriate for the
measured outcome(s)/endpoint(s) of interest.
The timing, frequency, and duration of
exposure should be suitable for all
outcome(s)/endpoint(s) of interest.

Metrics 5.1
and 5.2

Metrics 1, 2, 3, 7,
8,9, 10, and 12
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Harmonized

Old TSCA Form

. Harmonized TSCA Form Domain Definition | TSCA Form .
Form Domains . Metrics
Metrics
Domain 6. Outcome Domain 6 evaluates the sensitivity of the Metrics 6.1 Metrics 11, 16,
measures and results experiments that are used to characterize or and 6.2 17, 18, 23, and 24

measure the specific endpoint(s)/outcome(s) of
interest. The methods used should reliably and
reproducibly detect a response due to exposure
for the specific endpoint(s)/outcome(s) of
interest. The analysis and presentation of the
results should be interpretable and transparent
for the specific endpoint(s)/outcome(s) of
interest.

display

Table 5-7. Harmonized TSCA Data Quality Evaluation Form for Human Health Animal Toxicity
Studies

Data Quality

Rating Description

Domain 1. Reporting Quality
(Combines Old TSCA Form Metrics 13, 14, and 15 from the Test Animals Domain)

Does the study report information for evaluating the design and conduct of the study for the
endpoint(s)/outcome(s) of interest?

This Domain uses two main categories of information: 1) critical, and 2) important.

Critical information necessary to perform study evaluation:

Test animals' species, test article identity (i.e., CASRN, chemical name, and/or structure), dose/concentration
levels and duration of exposure, route (e.g., oral; inhalation), qualitative or quantitative results for at least one
endpoint of interest.

Important information for evaluating the study methods:

Test animal characteristics: source (e.g., commercial source or laboratory-maintained colony), strain, age
and/or life stage, sex, starting body weight, and/or parity (whether the test animals have been previously
pregnant). For example, reporting animals to be ‘mature’ prior to starting the study leaves uncertainty and
potential impact to results and may not be considered high quality.

General animal husbandry conditions and procedures: temperature, humidity, light/dark cycle, diet, water
availability, number of animals per cage throughout the study

Exposure methods: test substance source, purity (or grade), method of administration

Experimental design: frequency of exposure (e.g., hours/day, days/week), number of animals per study group,
animal age and life stage during exposure and at endpoint/outcome evaluation, as applicable to the study
purpose/objective

Endpoint evaluation methods: assays or procedures used to measure the endpoints/outcomes of interest.

The presence or absence of all critical information determines whether a rating is acceptable, or not. If/when
critical information is missing, this Domain receives an uninformative rating. The confidence level of
acceptable, e.g., high, medium, or low, corresponds to the amount of important information provided, in
addition to the critical information. The confidence rating for acceptable information should be justified and the
assessor should identify which important information was provided in the study to support the assigned rating.
Note: This domain is limited to reporting. Other aspects (i.e., appropriateness) of the exposure methods,
experimental design, and endpoint evaluation methods are evaluated using the domains related to risk of bias
and study sensitivity.
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The considerations below typically do not need to be refined by assessment teams, although in some instances
the important information may be refined depending on the endpoints/outcomes of interest or the chemical
under investigation. As for any study quality domain/metric, assessor judgment and rationale for rating this
domain should be given for the study and in the form of comments. Typically, a rating given for this domain
will not change across endpoints/outcomes investigated by the study. In the rationale, reviewers should indicate
whether the study adhered to GLP, OECD, or other testing guidelines.

High Mark as high/good if:

All critical and important information is reported or for the endpoints/outcomes of interest.
The information could also be inferred from a reference document (e.g., cited paper,
manufacturer’s website, guideline).

Medium Mark as medium/adequate if:

All critical information is reported but some combination important information is missing.
However, the missing information is not expected to significantly impact the study evaluation.

Low Mark as low/deficient if;

All critical information is reported but important information is missing that is expected to
significantly reduce the ability to evaluate the study.

Critically Mark as critically deficient if:
Deficient Study report is missing any pieces of critical information.

Not Rated/Not | Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Domain 2. Selection and Performance
(Corresponds to Old TSCA Form Metrics 6 and 9)

Metric 2.1. Allocation

Were animals assigned to experimental groups using a method that minimizes selection bias?

The considerations below typically do not need to be refined by assessment teams. A judgment and rationale
for this domain should be given for each cohort or experiment in the study.

Did each animal or litter have an equal/random chance of being assigned to any experimental group (i.e.,
random allocation)?

Is the allocation method described?

Aside from randomization, were any steps taken to balance variables and/or pre-study test animal
characteristics or other modifying factors across experimental groups during allocation?

What is the expected and extent of the impact on study results if there is failure to randomize and/or normalize
animal allocation? Is it significant or negligible?

High Mark as high/good if:

Experimental groups were randomized, and any specific randomization procedure was
described or inferable from a reference document (e.g., cited paper, manufacturer’s website,
guideline). (e.g., computer-generated scheme). Normalization of body weight to make sure
average body weight is similar across doses if combined with a randomization scheme can be
rated as High.
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Medium Mark as medium/adequate if:
Authors report that groups were randomized but do not describe the specific procedure used
(e.g., “animals were randomized”). Alternatively, authors used a nonrandom method to
control for important modifying factors across experimental groups (e.g., body-weight
normalization without use of randomization).

Low Mark as low/deficient if:
No indication of randomization of groups or other methods (e.g., normalization) to control for
important modifying factors across experimental groups.

Critically Mark as critically deficient if:

Deficient Bias in the animal allocations was explicitly reported or inferable from a reference document.

Not Rated/Not | Mark as N/A if:

Applicable Do not select for this metric.

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Metric 2.2. Observational bias/Blinding

Did the study implement measures to reduce observational bias?

The considerations below typically do not need to be refined by the assessment teams. It is recommended that
project assessors collectively build consensus to identify highly subjective measures of endpoints/outcomes
where observational bias may strongly influence results prior to performing evaluations. A judgment and
rationale for this domain should be given for each endpoint/outcome or group of endpoints/outcomes
investigated in the study.

Does the study report blinding or other methods/procedures for reducing observational bias?

This can apply to endpoints/outcomes that require heavy research practitioner handling or awareness of
treatment/exposure groups during outcome assessment that may significantly impact study results.

If not, did the study describe a design or approach for quality control of observational bias, for which such
procedures can be inferred from a reference cited in the document?

What is the expected and extent of the impact on study results of failure to implement (or report
implementation) of these methods/procedures? Is it significant or negligible?

High Mark as high/good if:

Measures to reduce observational bias were described (e.g., blinding to conceal treatment
groups during endpoint evaluation; consensus-based evaluations of histopathology-lesions).

Medium Mark as medium/adequate if:

Methods for reducing observational bias (e.g., blinding) can be inferred from a cited reference
(e.g., cited paper or guideline) or were reported but were described incompletely.

OR

Measures to reduce observational bias were not described AND the potential concern for bias
was mitigated because the outcomes were not subjective and/or based on use of
automated/computer-driven systems, standard laboratory kits, simple objective measures (e.g.,
body or tissue weight), or screening-level evaluations of histopathology.

Low Mark as low/deficient if;
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Measures to reduce observational bias were not described AND the potential impact on the
results is significant (e.g., outcome measures are subjective).
Critically Mark as critically deficient if:
Deficient Strong evidence for observational bias that impacted the results.

Not Rated/Not

Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Domain 3. Confounding/Variable Control

(Combines TSCA Metrics 4 and 5 from the Test Design Domain, Metric 20, and Metric 21 from the

Confounding/Variable Control Domain)

Avre variables with the potential to confound or modify results controlled for and consistent across all
experimental groups?

The considerations below may need to be refined by assessment teams, as the specific variables of concern can
vary by experiment or chemical. A judgment and rationale for this domain should be given for each cohort or
experiment in the study, noting when the potential for confounding is restricted to specific endpoints/outcomes.

Are there differences across the study groups (e.g., co-exposures, vehicle, diet, palatability, husbandry) that
could bias the results or introduce an unaccounted for or confounding variable?

What is the expected extent of the impact on study results if confounding variables are identified? Is it
significant or negligible?

High Mark as high/good if:
Outside of the exposure of interest, variables that are likely to confound or modify results
appear to be controlled for and consistent across experimental groups.

Medium Mark as medium/adequate if:
Some concern that variables that were likely to confound or modify results were uncontrolled
or inconsistent across groups but are expected to have a minimal impact on the results.

Low Mark as low/deficient if:
Notable concern that potentially confounding variables were uncontrolled or inconsistent
across groups and are expected to substantially impact the results.

Critically Mark as critically deficient if:

Deficient One or more confounding variables is known or presumed to be uncontrolled or inconsistent

across groups and is expected to be a primary driver of the results and/or to distort the
relationship between the exposure and outcome(s) of interest.

Not Rated/Not

Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]
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Domain 4. Selective Reporting and Attrition
(Combines TSCA Metric 22 from the Confounding/Variable Control Domain)

Did the study report results for all prespecified outcomes and tested animals?

Note: This domain does not consider the appropriateness of the analysis/results presentation. This aspect of
study quality is evaluated in another domain.

The considerations below typically do not need to be refined by assessment teams. A judgment and rationale
for this domain should be given for each cohort or experiment in the study.

Selective reporting bias:

Are all results presented for endpoints/outcomes described in the methods?

Attrition bias:

Avre all animals accounted for in the results?

If there are discrepancies, do the authors provide an explanation (e.g., death or unscheduled sacrifice during the
study)?

If unexplained results omissions and/or attrition are identified, what is the expected impact on the interpretation
of the results?

High Mark as high/good if:

Quantitative or qualitative results were reported for all prespecified outcomes (explicitly
stated or inferred from a cited reference, such as a guideline or methodology peer-reviewed
paper), exposure groups and evaluation time points. Data not reported in the primary article
are available from supplemental material. If results omissions or animal attrition are
identified, the authors provide an explanation, and these are not expected to impact the
interpretation of the results.

Medium Mark as medium/adequate if:

Quantitative or qualitative results were reported for most prespecified outcomes (explicitly
stated or inferred from a cited reference, such as a guideline or methodology peer-reviewed
paper), exposure groups and evaluation time points. Omissions and/or attrition are not
explained but are not expected to significantly impact the interpretation of the results.

Low Mark as low/deficient if;

Quantitative or qualitative results are missing for two or more prespecified endpoints
(explicitly stated or inferred from a cited reference, such as a guideline or peer-reviewed
methodology paper), exposure groups, and evaluation time points and/or there is high animal
attrition; omissions and/or attrition are not explained and may significantly impact the
interpretation of the results.

Critically Mark as critically deficient if:

Deficient Extensive results omission and/or animal attrition are identified and prevents comparisons of
results across treatment groups.

Not Rated/Not | Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]
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Domain 5. Exposure Methods Sensitivity

(Combines TSCA Metrics from the Test Substance and Exposure Characterization Domains (Metrics
1,2,3,7,8,9,10, and 12))

Metric 5.1. Chemical administration and characterization

Did the study adequately characterize exposure to the chemical of interest and the exposure administration
methods? Was the route and method of exposure appropriate?

Note: Relevance and utility of the routes of exposure are considered in the PECO criteria for study inclusion
and during evidence synthesis.

It is essential that the considerations below are considered, and potentially refined, by assessment teams, as the
specific variables of concern can vary by chemical (e.g., stability may be an issue for one chemical but not
another). A judgment and rationale for this domain should be given for each cohort or experiment in the study.
Are there concerns [specific to this chemical] regarding the source and purity and/or composition (e.g., identity
and percent distribution of different isomers) of the chemical? If so, can the purity and/or composition be
obtained from the supplier (e.g., as reported on the website)?

Was independent analytical verification of the test article purity and composition performed?

Did the authors take steps to ensure the reported exposure levels were accurate (e.g., reporting by the authors of
calculated doses in feeding/drinking water studies or sufficient information to independently calculate doses
from concentrations in feed or water)?

Are there concerns about the methods used to administer the chemical (e.g., inhalation chamber type, gavage
volume) or methods of test substance preparation or storage?

For inhalation studies: Were target concentrations confirmed using reliable analytical measurements in
chamber air?

For oral studies: If necessary, based on consideration of chemical specific-knowledge (e.g., instability in
solution; volatility) and/or exposure design (e.g., the frequency and duration of exposure), were chemical
concentrations in the dosing solutions or diet/drinking water analytically confirmed?

** |f methods were cited to another publication, review the relevant methods in the original publication and
consider this information as you rank this metric. Methods papers will be linked in HERO to the publication
being evaluated.

High Mark as high/good if:

Chemical administration and characterization are complete (i.e., test substance source and
purity are appropriate, and analytic verification of the test article are provided). There are no
concerns about the composition, stability, or purity of the administered chemical, or the
specific methods of administration. For inhalation studies, chemical concentrations in the
exposure chambers are verified using reliable analytical methods.

Medium Mark as medium/adequate if:

Some uncertainties in the chemical administration and characterization are identified but these
are expected to have minimal impact on interpretation of the results (e.g., source and vendor-
reported purity are presented, but not independently verified; purity of the test article is
suboptimal but not concerning; for inhalation studies with gases, actual exposure
concentrations are missing or verified with less reliable methods; for oral and dermal studies,
there are minor uncertainties about precision of dose levels or exposure concentrations).

Low Mark as low/deficient if:

Uncertainties in the exposure characterization are identified and are expected to substantially
impact the results (e.g., source of the test article was not reported; levels of impurities are
substantial or concerning; deficient administration methods, such as use of static inhalation
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chambers or a gavage volume considered too large for the species and/or lifestage at
exposure; for inhalation studies with aerosols or vapors, actual exposure concentrations are
missing or verified with less reliable methods; for oral and dermal studies, there is substantial
ambiguity about precision of dose levels or exposure concentrations).
Critically Mark as critically deficient if:
Deficient

Uncertainties in the exposure characterization are identified and there is reasonable certainty
that the results are largely attributable to factors other than exposure to the chemical of
interest (e.g., identified impurities are expected to be a primary driver of the results).

Not Rated/Not

Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Metric 5.2. Exposure timing, frequency, and duration
Was the timing, frequency, and duration of exposure sensitive for the endpoint(s)/outcome(s) of interest?

Considerations for this domain are highly variable depending on the endpoint(s)/outcome(s) of interest and
must be refined by assessment teams. A judgment and rationale for this domain should be given for each
endpoint/outcome or group of endpoints/outcomes investigated in the study.

Does the exposure period include the critical window of sensitivity (e.g., to detect developmental effects of

interest)?

Was the duration and frequency of exposure sensitive for detecting the endpoint of interest?

High Mark as high/good if:
The timing, duration, and frequency of the exposure was sensitive, and the exposure included
the critical window of sensitivity (if known).

Medium Mark as medium/adequate if:
The duration and frequency of the exposure was sensitive, and the exposure covered most of
the critical window of sensitivity (if known).

Low Mark as low/deficient if:
The timing, duration, and frequency of the exposure is not sensitive or did not include most of
the critical window of sensitivity (if known). These limitations are expected to bias the results
towards the null.

Critically Mark as critically deficient if:

Deficient

The exposure design is inappropriate for evaluating the outcome(s) of interest and is expected
to strongly bias the results towards the null. The rationale should indicate the specific
concern(s).

Not Rated/Not

Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]
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Domain 6. Outcome Measures and Results Display

(Combines TSCA Metrics from the Outcome Assessment and Data Presentation and Analysis Domains, and
Metric 23 from the Data Presentation and Analysis Domain) (Metrics 11, 16, 17, 18, 23, and 24))

Metric 6.1. Are the procedures sensitive and specific for evaluating the endpoint(s)/outcome(s) of interest?

Considerations for this domain are highly variable depending on the endpoint(s)/outcome(s) of interest and
must be refined by assessment teams. A judgment and rationale for this domain should be given for each
endpoint/outcome or group of endpoints/outcomes investigated in the study.

Avre there concerns regarding the sensitivity, specificity, and/or validity of the protocols?

Is the species appropriate?

Avre there serious concerns regarding the sample size?

Avre there concerns regarding the timing of the endpoint assessment?

Examples of potential concerns include:

Selection of protocols that are insensitive or nonspecific for the endpoint of interest

Evaluations did not include all treatment groups (e.g., only control and high dose)

Use of unreliable methods to assess the outcome

Assessment of endpoints at inappropriate or insensitive ages, or without addressing known endpoint variation
(e.g., due to circadian rhythms, estrous cyclicity)

The study was conducted appropriately in relation to the evaluation domain, and any deficiencies, if present,
are minor and would not be expected to influence the study results

Decreased specificity or sensitivity of the response due to the timing of endpoint evaluation, as compared to
exposure (e.g., short acting depressant or irritant effects of chemicals, insensitivity due to prolonged period of
non-exposure prior to testing)

*** |f methods were cited to another publication, review the relevant methods in the original publication and
consider this information as you rank this metric. Methods papers will be linked in HERO to the publication
being evaluated.

High Mark as high/good if:

The study was conducted appropriately in relation to the evaluation domain, and any
deficiencies, if present, are minor and would not be expected to influence the study results.

Medium Mark as medium/adequate if:

There are methodological limitations relating to the evaluation domain, but that those
limitations are not likely to be severe or have a notable impact on the results.

Low Mark as low/deficient if:

Biases or deficiencies were identified that are interpreted as likely to have had a notable
impact on the results or that may prevent reliable interpretation of the study findings.

Critically Mark as critically deficient if:

Deficient The conduct of the study introduced a serious flaw that makes the observed effect(s)
uninterpretable.

Note: Sample size alone is not a reason to conclude an individual study is critically deficient.

Not Rated/Not | Mark as N/A if:
Applicable Do not select for this metric.
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Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Metric 6.2. Results presentation
Avre the results presented in a way that makes the data usable and transparent?

Considerations for this domain are highly variable depending on the outcomes of interest and must be refined
by assessment teams. A judgment and rationale for this domain should be given for each endpoint/outcome or
group of endpoints/outcomes investigated in the study.

Does the level of detail allow for an informed interpretation of the results?

Avre the data analyzed, compared, or presented in a way that is inappropriate or misleading?

Examples of potential concerns include:

Nonpreferred presentation (e.g., developmental toxicity data averaged across pups in a treatment group, when
litter responses are more appropriate; presentation of absolute organ-weight data when relative weights are
more appropriate)

Failing to present quantitative results either in tables or figures

Lack of full presentation of the data (e.g., presentation of mean without variance data; concurrent control data
are not presented)

High Mark as high/good if:

There was a full quantitative presentation of results (e.g., means and SE or SD for continuous
data; incidence data for categorical data; or individual animal results were presented). Any
omissions are minor and are not expected to impact the interpretation of the results.

Medium Mark as medium/adequate if:

Some details of the results are missing, but the missing information is not expected to have a
notable impact on the interpretation of the results.

Low Mark as low/deficient if;

Data were analyzed, compared, or presented in a way that is inappropriate or misleading (e.g.,
the authors report a treatment-related effect on a quantitative endpoint, but only qualitative
results are provided).

Critically Mark as critically deficient if:
Deficient Deficiencies in results presentation make the observed effect(s) uninterpretable.

Not Rated/Not | Mark as N/A if:

Applicable Do not select for this metric.
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Overall Quality Determination (OQD)

Additional Additional Comments:
Comments

Based on your | Select one of the following:

professional Yes, | would upgrade the paper
judgement, Briefly describe why you decided to upgrade this study:
would you
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upgrade or
do_wngrade Yes, | would downgrade the paper
tggsgudy S Briefly describe why you decided to downgrade this study:

Neither — Keep quality rating as is

Specify which | High

OQD you Medium
would give Low

th!s Paper Uninformative
(either
confirm the
auto
calculated
judgement OR
suggest a new
one based on
your
professional
judgement?

5.6 Dermal Absorption

EPA’s general approach to data evaluation and extraction of relevant data sources under TSCA 1is
described in Sections 5 and 6, respectively of the 2021 Draft Systematic Review Protocol (U.S. EPA
2021a). For each study, one reviewer conducts the initial review, and a second reviewer provides the QC
review. EPA uses DistillerSR to evaluate and extract dermal absorption studies; the information from
DistillerSR is then coded for output into tables that accompany the published risk evaluations. EPA
evaluated and extracted dermal absorption studies that met the PECO screening criteria described above
in Section 4.7.

Animal in vivo dermal absorption studies were evaluated using an extensively modified version of the
animal toxicity data quality metrics shown in Appendix Q.4.2 of U.S. EPA (2021a). To evaluate in
vitro/ex vivo dermal absorption studies, EPA developed data evaluation metrics from the metrics used to
evaluate in vitro mechanistic studies and presented a draft version of these metrics in Appendix S of the
2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). The sections below identify updates to these
in vivo and in vitro/ex vivo criteria made since publication of the 2021 Draft Systematic Review
Protocol.

Data extraction involves cataloguing experimental methods and results from the evaluated references.
For in vivo studies, EPA extracts data on the matrices measured (e.g., urine, carcass, exhaled air) and
other information. For in vitro/ex vivo studies, EPA extracts information on the type of skin used (e.qg.,
source and area of body, thickness), the diffusion cell exposure set up (flow-through or static), and other
data. For both in vivo and in vitro/ex vivo studies, EPA identifies the species used, whether skin was
occluded, and information on the test substance and vehicle. As relevant, EPA extracts Kp/flux as well
as fraction absorption information.
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If adequate data are available from in vivo or in vitro/ex vivo (excised skin) studies, EPA will not
evaluate, extract, or quantitively use data from the 3D human skin studies in risk evaluations. Currently,
the 3D human skin equivalent models are not recommended by OECD Guidance (OECD Series on
Testing and Assessment No. 156 (September 2022)) (OECD, 2022b) for use in evaluating risks.
However, EPA may discuss the 3D models when integrating evidence and may consider evaluating
them if no other experimental dermal absorption information is available.

For DINP, EPA evaluated an in vivo rat study (Midwest Research Institute, 1983) and assigned medium
OQDs for three conditions in the study and uninformative OQDs for six conditions. An in vitro study
that evaluated skin from mice and pigs (Pan et al., 2014) received OQDs of uninformative. Data Quality
Evaluation and Data Extraction Information for Dermal Absorption for Diisononyl Phthalate (DINP)
(U.S. EPA, 2024l) provides details of the data extracted and evaluated, including metric ratings and the
OQDs for evaluated data sources.

5.6.1 Data Quality Metrics - Animal In Vivo

Animal in vivo dermal absorption studies were evaluated using an extensively modified version of the
animal toxicity data quality metrics shown in Appendix Q.4.2 of the 2021 Draft Systematic Review
Protocol (U.S. EPA, 2021a). The domains are identical except Domain 4 now refers to test models
(instead of test animals). EPA used OECD guidelines to develop the criteria for the evaluation of in
vivo dermal absorption references (OECD, 2022a, 2011b, 20043, b). Specifically, metrics were
modified to address the standards used (metric 5), consistency of in exposure administration (metric
7), reporting of concentrations used (metric 8), exposure duration (metric 9), exposure groups and
concentration (metric 10), characteristics of test animals and number of animal per group based on
OECD 427 (metrics 11 and 13), outcome assessment methodology based on guidelines (metric 14),
evaluation per group (metric 16), confounding variables (metric 17 and 18), data analysis,
interpretation, and reporting (metric 19, 20, and 21). The full set of data quality metrics for in vivo
animal studies are shown below in Table 5-8.

Table 5-8. Data Quality Criteria for In Vivo Animal Dermal Absorption Studies

Data Quality

Rating Description

Domain 1. Test substance

Metric 1. Test substance identity

Was the test substance identified definitively (i.e., established nomenclature, CASRN, physical nature, physical
and chemical properties, and/or structure reported, including information on the specific form tested [e.g., salt or
base, valence state, isomer, if applicable] for materials that may vary in form)? If test substance was a mixture,
were mixture components and ratios characterized?

High The test substance (i.e., chemical of interest) was identified definitively (i.e., nomenclature,
CASRN, structure) and where applicable the specific form (e.g., particle characteristics for
solid state materials, salt or base, valence state, hydration state, isomer, radiolabel, etc.) was
definitively and completely characterized. For mixtures, the components and ratios were
characterized (i.e., provided as concentration, ratio of percentage of the mixture or product).
Additionally, for radiolabeled substances, the location of the radiolabel within the substance
should be indicated, ideally with the radiolabel in a metabolically stable position

Medium The test substance (i.e., chemical of interest) was identified and the specific form was
characterized (where applicable). For mixtures, some components and components and ratios
were identified and characterized but at least the chemical of interest has a
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Data Quality

Rating Description

percentage/concentration reported. There were minor uncertainties (e.g., minor characterization
details were omitted such as about the radiolabel) that were unlikely to have a substantial impact
on results

Low The test substance and form (if applicable) were identified, and the components and ratios of
mixtures were characterized, but there were uncertainties regarding test substance identification
or characterization that are likely to have a substantial impact on the results (e.g., no information
on isomer (or enantiomer) composition of differences could affect toxicokinetic properties,
limited particle size information, omitted details regarding branched or straight chain structure).

Critically The test substance identity and form (the latter if applicable) could not be determined from

Deficient the information provided (e.g., nomenclature was unclear and CASRN or structure were not
reported)
OR
For mixtures, the components and ratios were not characterized.

Not Rated/Not | Do not select for this metric

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 2. Test substance source

Was the source of the test substance reported, including manufacturer and batch/lot number for materials that
may vary in composition? If synthesized or extracted, was test substance identity verified by analytical methods?

High The source of the test substance was reported as a manufacturer or the production process was
specifically identified. The batch/lot number was identified (for materials that may vary in
composition), and the chemical identity was either certified by the source in the publication
or could be verified on a manufacturer’s website.

OR
The test substance identity was analytically verified by the laboratory that performed the toxicity
study.

Low The test substance was synthesized or extracted by a source other than the manufacturer [and
no production process was identified].

OR
The source was not reported. AND
The test substance identity was NOT analytically verified by the performing laboratory.

Not Rated/Not | Do not select for this metric

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 3. Test substance purity

Was the purity or grade (i.e., analytical, technical) of the test substance (including the radiolabeled substance)
reported and adequate’) Were impurities |dent|f|ed’> Were |mpur|t|es present in quantltles that could influence the

results? N
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gutdanee-belaws

High For discrete substances, the test substance purity (including radiolabel) and composition were
such that any observed effects were highly likely to be due to the nominal test substance itself
(e.g., highly pure at >98% or analytical grade test substance or a formulation of lower purity
that contains mgredlents conS|dered to be inert, such as Water) Ih&radwp&nty—tde&”y—sheutd
abeve—Z%

AND
All components, including impurities and residual chemicals, were identified and the chemical
of interest was the main component (including the radiolabeled portion).

Medium The nature and quantity of reported impurities are such that study results were not likely to be
substantially impacted by the impurities (impurities not known to induce outcome of interest
at low levels, impurities are inert or GRAS, etc.).

Regardless of the nature and purity, for discrete chemicals, the purity of the chemical of interest
should be >70%, unless water is the only impurity.

Low Purity and/or grade of test substance were not reported (for both the labeled and unlabeled
chemical).

Critically The nature and quantity of reported impurities (for unlabeled and labeled substances) were

Deficient such that study results were likely to be due to one or more of the impurities.

AND/OR
For discrete chemicals, purity was <70% (for unlabeled and labeled substances) with an
impurity other than water.

Not Rated/Not | Do not select for this metric

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Domain 2. Test design

Metric 4. Randomized allocation of animals
Did the study explicitly report randomized allocation of animals to study groups?

Medium The study reported that animals were randomly allocated into study groups
OR
Allocation was performed with an unbiased method with a non-random component to ensure
similar baseline characteristics across groups (e.g., methods that account for body weight to
ensure appropriate distribution across groups)

Low The study did not report how animals were allocated to study groups, or there were deficiencies
regarding the allocation method that are likely to have a substantial impact on results (e.g.,
allocation by animal number).

Critically The study reported using a biased method to allocate animals to study groups (e.g., judgement

Deficient of investigator). This is a serious flaw that makes the study unusable.
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Not Rated/Not | Do not select for this metric
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 5. Standards for tests

For assays with established criteria, were the test validity, acceptability, reliability, and/or QC criteria reported
and consistent with current standards and guidelines? Were sufficient data provided to determine that the
standards/guidelines have been met? See Guidance for Reviewers to view examples of various criteria.

Example criteria:

Percent recovery: 100+10% of the radioactivity as stated in OECD TG 427; 100+£20% for volatile and unlabeled
compounds as stated in OECD GD 28.

Coefficient of Varlatlon OECD 156 states that if the coeff|0|ent of varlatlon is greater than 25% then apply
an adjustment. Maria 3 3 3 3 ated-w ahda
25%-

Medium Criteria used to determine the validity acceptability, reliability, and/or quality of the experiment
(e.g., percent recovery considered acceptable) were reported and consistent with current
standards and guidelines, as/if applicable and authors stated that results met those criteria, or
the results provided enough detail to compare with the criteria.

Low Few or no QC criteria were reported, however, the reported results provided enough information
to evaluate how the study compared against the criteria stated in the study and/or external criteria
and standards.

Critically Inadequate information was provided on the standards used to evaluate the study results
Deficient AND

1) the authors did not report whether the test met pre-established criteria,
OR

2) inadequate data on results were presented to demonstrate the validity, acceptability, and
reliability of the test when compared with current standards and guidelines or the pre-established
standards/criteria identified by the authors. In this case, adequate QC cannot be performed.

Not Rated/Not | Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Domain 3. Exposure characterization

Metric 6. Preparation and storage of test substance (chemical)

Did the study characterize preparation of the test substance and storage conditions? Were the frequency of
preparation and/or storage conditions appropriate to the test substance stability and solubility (if applicable)?

High The test substance preparation and/or storage conditions (e.g., test substance stability,
homogeneity, mixing temperature, stock concentration, stirring methods, storage conditions)
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were reported and appropriate for the test substance and application scenario (e.g., stability
and solubility in diluents or solvents confirmed especially if they differ from what is used
commercially; volatile test substances prepared and stored in sealed containers; same stock
solution for all exposure concentrations).

Medium

The test substance preparation and storage conditions were reported, but minor limitations
in the test substance preparation and/or storage conditions were identified (e.g., test
substance formulations were stirred instead of centrifuged for a specific number of rotations
per minute).

OR

There is an omission of details that are unlikely to have a substantial impact on results (e.g.,
preparation/administration of test substance is described, but storage of stock solution is not
reported; however, storage is unlikely to affect results based on likely stability over the time
frame of the test or the physical and chemical properties of the chemical make concerns about
volatility or solubility unlikely).

Deficiencies in reporting of test substance preparation, and/or storage conditions are likely to
have a substantial impact on results (e.g., available information on physical and chemical
properties suggests that stability and/or solubility of test substance in diluent/solvent may be
poor).

OR

Information on preparation and storage was not reported and lack of details could
substantially impact results (e.g., preparation for volatile or low-solubility chemicals).

Critically
Deficient

Serious flaws reported regarding test substance preparation and/or storage conditions will
have critical impacts on dose/concentration estimates and make the study unusable (e.g.,
instability of test substance, test substance volatilized rapidly from storage containers).

Not Rated/Not
Applicable

Do not select for this metric

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional
comments that may highlight study strengths or important elements such as relevance]

Metric 7. Consistency of exposure administration

Were exposures administered consistently across study groups (e.g., consistent volumes/area of skin surface
used for application that are ~ 5-10% of animal body surface (e.g., 10 cm? for the rat), same area/location of
body used for application)?

High Details of exposure administration were reported and exposures were administered
consistently across study groups in a scientifically sound manner (e.g., consistent volume and
area of skin surface used for application, same area of body used for application for each
animal and dose group).

Medium Details of exposure administration were reported, but minor limitations in administration of

exposures (e.g., slight variations in surface area) were identified that are unlikely to have a
substantial impact on results.

OR

Details of exposure administration are incompletely reported, but the missing information is
unlikely to have a substantial impact on results.
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Low Details of exposure administration were reported, but deficiencies in administration of
exposures (e.g., moderate differences in of skin surface area used for application) that were
reported or inferred from the text are likely to have a substantial impact on results.
OR
Details of exposure administration are insufficiently reported and the missing information is
likely to have a substantial impact on results

Critically Exposures were not administered consistently across and/or within study groups (e.g., large

Deficient differences in volume and area of skin surface used for application) resulting in serious flaws
that make the study unusable.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Metric 8. Reporting of concentrations

Were exposure doses/concentrations or amounts of test substance applied to the skin reported without ambiguity
(e.g., point estimate instead of range, analytical instead of nominal, weight by weight vs volume by volume)?
Note: Ambiguity also applies to doses/concentrations if values were only reported as points on a figure without
numerical values.

High The exposure doses/concentrations or amounts of test substance were reported without
ambiguity (e.g., point estimate instead of range, analytical/measured instead of nominal,
weight vs. volume).

Medium The exposure doses/concentrations or amounts of test substance were reported with some
ambiguity (e.g., range instead of point estimate OR nominal instead of analytical/measured,
unclear if weight or volume-based).

Low The exposure doses/concentrations or amounts of test substance were reported but with
substantial ambiguity about precision (e.g., only an estimated range AND only nominal
instead of analytical measurements).

Critically The exposure doses/concentrations or amounts of test substance were not reported, resulting

Deficient in serious flaws that make the study unusable.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Metric 9. Exposure duration

Was the exposure duration (e.g., hours) reported and was it appropriate for this study type and/or outcome(s)
of interest? Was the duration of exposure relevant to conditions of use and physical-chemical properties of the
test substance? Did measurements continue post-exposure to account for retained dose in skin?

High

The exposure duration (e.g., hours) was reported and was appropriate based on the expected
human exposure duration (typically at least 6 hours up to 24 hours following chemical
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application; if experiment continues beyond 1 day, measurements should continue daily in
order to evaluate all excreta and tissues). A shorter exposure duration may also be included
but is less useful unless the substance is volatile, the results demonstrate that absorption
approached completion (e.g., nothing left in the skin wash or tape strip samples), or the
timepoint is used only for Kp/flux measurements.

Low The duration(s) of exposure differed from current standards and guidelines for studies of this
type (typically <6 to 24 hours prior to washing with excreta and/or measurements not
continued without justification), and the differences may have a substantial impact on results.

Critically No information on exposure duration(s) was reported OR

Deficient the exposure duration was not appropriate OR
Duration(s) differed significantly from studies of the same or similar types and these
differences (most likely shorter duration) are likely to have a substantial impact on interpretation
of results.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any

Comments additional comments that may highlight study strengths or important elements

such as relevance]

Metric 10. Number of exposure groups and concentrations spacing

Were the number of exposure groups/tested concentrations and dose/concentration spacing appropriate and
justified by study authors (e.g., to mimic a specific type of human exposure) and adequate for addressing the
purpose of the study across a wide range of conditions of use (COUs) (e.g., dilute, concentrated, and neat)?

High There were three or more dose groups tested and dose/concentration spacing were justified by
study authors (e.g., to mimic a specific type of human exposure) and were adequate for
addressing the purpose of the study.

Medium There were less than three group tested, however the choice of groups and diluent(s) were
justified and are appropriate for common formulations. Any uncertainties given the reduced
number of groups testes are minor relative to the difficulty of performing in vivo absorption
testing.

Low There were major limitations regarding the number of exposure groups and/or applied
dose/concentration spacing (e.g., dose and diluent testes are not very relevant to most exposure
scenarios and only one dose/concentration tested), restricting the applicability of the results to
only a subset of COUs and weight fractions.

Critically The number of exposure groups and dose/concentrations spacing were not reported.

Deficient

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]
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Domain 4. Test model

Metric 11. Test animal characteristics

Were the animal species, strain, sex, age, and starting body weight reported? Was the test animal from a
commercial source or in-house colony? Was the test species and strain an appropriate animal model for the
evaluation of the specific(s) of interest (e.g., routinely used for similar study types)? Per OECD 427, male rats
of 2009 -250g are suitable, particularly in the upper half of this range. The most sensitive sex should be used if
there is evidence that one sex is more sensitive.

High The test animal species, strain, sex, age, and starting body weight were reported, and the test
animal was obtained form a commercial source or laboratory-maintained colony. The test
species and strain were an appropriate animal model for the evaluation of dermal absorption.

Medium Minor uncertainties in the reporting of test animal characteristics (e.g., age, or starting body
weight) are unlikely to have a substantial impact on results. The test animals were obtained
from a commercial source in-house colony, and the test species/strain/sex was an appropriate
animal model for the evaluation of dermal absorption.

Low The source or sex of the test animal was not reported. These deficiencies are likely to have a
substantial impact on results.

OR
the test animal (species, strain, sex, life-stage, source) was not the best choice for the evaluation
of dermal absorption.

Critically The test animal species and any other necessary descriptive information were not at all reported.

Deficient

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Metric 12. Adequacy and consistency of animal husbandry conditions

High

All husbandry conditions were reported (e.g., temperature, humidity, light-dark cycle, diet,
water availability) and were adequate and the same for control and exposed populations, such
that the only difference was exposure.

Medium

Most husbandry conditions were reported (see High bin) and were adequate and similar for
all groups. Some differences in conditions were identified among groups, but these
differences were considered minor uncertainties or limitations that are unlikely to have a
substantial impact on results.

Low

Husbandry conditions were not sufficiently reported to evaluate if husbandry was adequate
and whether differences occurred between control and exposed populations. These
deficiencies are likely to have a substantial impact on results.

Critically
Deficient

There were significant differences in husbandry conditions between control and exposed
groups (e.g., temperature, humidity, light-dark cycle).

OR

Page 100 of 138




Data Quality

Rating Description

Animal husbandry conditions deviated from customary practices in ways likely to impact
study results (e.g., injuries and stress due to cage overcrowding). These are serious flaws that
makes the study unusable.

Not Rated/Not | Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Metric 13. Number of animals per group

Was the number of replicates per dose/concentration group appropriate for the study type and outcome analysis?
OECD 427 states that “a group of at least four animals of one sex should be used for each test preparation and
each scheduled termination time

Medium The number of animals per dose/concentration and timepoint group were reported and was
appropriate (e.g., acceptable data from a minimum of four animals per group, all from the
same sex).

Low The number of animals per dose/concentration and timepoint group was reported but was less

than recommended by current standards and guidelines (i.e., less than four animals tested or
sexes were mixed). This is likely to have an impact on results.

OR
The number of replicates per dose/concentration was not reported.

Critically The number of animals per study group was insufficient to characterize dermal absorption
Deficient (e.g., less than four replicates per test preparation produced acceptable data).

Not Rated/Not | Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional
Comments comments that may highlight study strengths or important elements such as relevance]

Domain 5. Outcome assessment

Metric 14. Outcome assessment methodology

Did the outcome assessment methodology address or report the intended absorption measurement of interest?
Was the outcome assessment methodology (including measurement technique and timing of measurement[s])
appropriate for the associated conditions of use (COUs) and the dosing scenario? Were blood, urine, feces, and
exhaled air (if necessary) individually collected at sampling time? [reference guidance notes re: infinite,
nondepletable doses]

High The outcome assessment methodology addressed the intended absorption measurement AND
was sensitive for the outcome(s) of interest and followed OECD guidance documents. The
selected formulations are reasonable for the chemical of interest and would result in a
sufficiently conservative estimate representative of conditions of use for the chemical of
interest (e.g., use of IPM as a diluent). All relevant bodily fluids were collected and measured.

For percent absorption calculations finite dosing is required, normally 1-5 mg/cm?for a solid
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and up to 10 pL/cm? for liquids of test material, unless otherwise justified

Medium

The outcome assessment methodology used partially addressed the intended outcomes(s) of
interest and deviations were explained, but minor uncertainties (e.g., dosing was slightly
below or above the recommendations for finite or infinite scenarios, did not assess all bodily
fluids) are unlikely to have a substantial impact on results.

If Kp determinations are presented, they should be from infinite dose or nondepletable
conditions while finite dosing is required for percent absorption calculations. For infinite dose
testing of solids, occlusion is required and at least 10 mg/cm? of pure substance must be used
to establish an undepletable dose, regardless of concentration. For infinite dose testing of
liquids/dilutions, occlusion is required, and flux must remain constant and steady state
throughout the duration of the experiment. Kp/flux measurements in vivo have substantial
uncertainties; however a medium score can be achieved if efforts are taken to account for
mass balance and ADME throughout the body (e.g., shorter timepoints for measurement,
collection of several tissues/excreta, see guidance notes).

Low

Significant deficiencies in the implementation of the reported outcome assessment
methodology were identified (e.g., a volatile diluent was used with a volatile test substance,
etc.)

OR

The outcome assessment methodology was not clearly reported, and it was unclear whether
methods were sensitive for the outcome of interest. This is likely to have a substantial impact
on results.

For Kp/flux measurements, a low is assigned if efforts were not taken to account for potential
missing absorbed dose through ADME processes (e.g., only one tissue measured and/or
delayed measurements that did not capture immediate absorption). Kp measurements are also
downgraded if it is unclear whether the applied dose is non-depletable.

Critically
Deficient

The reported assessment methodology was not sensitive to the outcome(s) of interest. For
example, percentage absorption was determined only from an infinite dose, and/or Kp/flux
was derived from a clearly finite dose, and statistics could not easily be calculated
independently, or no relevant bodily fluids/tissues were assessed. These are serious flaws that
make the study unusable.

Not Rated/Not
Applicable

Do not select for this metric.

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional
comments that may highlight study strengths or important elements such as relevance]

Metric 15. Consistency of outcome assessment

Was the outcome assessment carried out consistently (i.e., using the same protocol) across study groups (e.g.,
assessment at the same time after initial exposure in all study groups)?

High

Details of the outcome assessment protocol were reported, and outcomes were assessed
consistently across study groups (e.g., at the same time after initial exposure) using the same
protocol in all study groups, the duration of exposure was the same across groups, the time
periods when excreta were obtained were consistent across groups, etc.
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Medium There were minor differences in the timing of outcome assessment across study groups, or
incomplete reporting of minor details of outcome assessment protocol execution were
explained, but these uncertainties or limitations are unlikely to have substantial impact on
results.

Low Details regarding the execution of the study protocol for outcome assessment (e.g., timing of
assessment across groups) were confusing, limited, or not reported nor deviations explained,
and these deficiencies are likely to have a substantial impact on results.

Critically There were large inconsistencies in the execution of study protocols for outcome assessment

Deficient across study groups. These are serious flaws that make the study unusable.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Metric 16. Sampling adequacy and sensitivity

Was the reported sampling size adequate for the outcome(s) of interest, including number of evaluations per
exposure group, and endpoint (e.g., scintilliation counts/sample)?

High The study reported adequate sampling for the outcome(s) of interest including number of
evaluations per exposure group, and measurement sensitivity (e.g., scintillation counts/sample
and/or duration of radioactivity detection, adequate signal to noise [i.e., background] ratio for
detection [e.g., signal 3x noise]). The sampling intervals should be adequate to allow
estimation of dermal absorption.

Medium Details regarding sampling were reported, but minor limitations were identified in the
reported sampling of the outcome(s) of interest and were explained. However, those
limitations are unlikely to have a substantial impact on results.

Low Details regarding sampling of outcomes were not fully reported nor explained and the
omissions are likely to have a substantial impact on results.

Critically Reported sampling was not adequate and/or serious uncertainties or limitations were identified

Deficient in how the study carried out the sampling of the outcome(s) of interest (e.g., replicates from
control and test concentrations were evaluated at different times).

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Domain 6. Confounding/variable control

Metric 17. Confounding variables in test design and procedures

Were there confounding differences among the study groups that could influence the outcome assessment (e.g.,
differences in size of skin area exposed to the chemical, differences in test substance lot or batch that might
have different purities)?
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Rating Description

High There were no reported differences among study group parameters (e.g., test substance lot or
batch, initial starting weights) that could influence the outcome assessment.

Medium Although the study did not report all information to determine whether confounding bias may
exist, reported information did not identify differences (or identified only minor differences)
among study groups in the above listed confounding factors. Minor differences were reported
and explained in initial conditions that are unlikely to have a substantial impact on results.

Low Reported information indicated moderate differences among the study groups with respect to
body weight changes or other differences that may be attributed to systemic toxicity, or there
were other major inconsistencies across study groups (e.g., body weight variation was greater
than 20% compared to mean).

Critically There were significant differences among the study groups with respect to above

Deficient considerations that make the data unreliable (e.g., exposed skin was excessively hairy in one
rodent compared to another, clear signs of damaged skin in some animals due to experimental
procedures.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Metric 18. Confounding variables in outcomes unrelated to exposure

Were there differences among the study groups unrelated to exposure to test substance (e.g., solubility in
formulation) that could influence the outcome assessment? Were there differences among the study groups in
animal attrition or health outcomes unrelated to exposure (e.g., infection, damaged tissue) that could influence
the outcome assessment? Professional judgement should be used to determine whether such differences would
invalidate the study.

High

There were no reported differences among the study animals or groups in test model unrelated
to exposure (e.g., solubility in formulation). Details regarding animal attrition and health
outcomes unrelated to exposure (e.g., infection, skin damage unrelated to treatment) were
reported for each study group and there were no differences among groups that could
influence the outcome assessment.

Medium

Authors reported that one or more animals or groups experienced disproportionate outcomes
unrelated to exposure (e.g., solubility issues, formulation-specific irritation), but data from the
remaining exposure replicates or groups were valid and is unlikely to have a substantial impact
on results.

OR

There was no information either to support or dismiss the suggestion that there were
differences among groups in animal attrition, health outcomes unrelated to exposure, or
solubility that could influence the outcome assessment.

Low

Data on outcome differences unrelated to exposure (e.g., technical errors or variation in
isolation of bodily fluids across test groups) were not reported for each study replicate or
group and the missing information is likely to have a substantial impact on results.

Critically

There is evidence of insolubility in the formulation such that it was not properly
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Rating Description

Deficient demonstrating a diluted solution.
OR
Reported information indicated that study groups experienced attrition (e.g., premature death)
or health outcomes unrelated to exposure (e.g., infection) that would render the full study (i.e.,
all dose groups) unreliable considering the short-term duration.

Not Rated/Not | Do not select for this metric.

Applicable

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional

Comments comments that may highlight study strengths or important elements such as relevance]

Domain 7. Data presentation and analysis

Metric 19. Data analysis

Were statistical methods, calculations methods, and/or data manipulation clearly described and appropriate for
dataset(s)? Were absorption estimates presented measured across a time series for each compartment of the test
system? Did the results vary widely?

High

Statistical methods (including any calculations or data transformations) were clearly
described or had only minor omissions and were appropriate for the dataset(s). Percentage
absorption estimates were measured across a time series for each compartment of the test
system, and Kp/flux measurements were based on the linear/steady-state part of the
absorption curve. Calculated absorption estimates properly accounted for outliers
consistently across replicates/timepoints. The coefficient of variation (CV) was < 25%
across samples, timepoints, dose groups in an individual experiment.

Low

Statistical analysis was performed but not described adequately to understand what was
performed or whether it was properly applied (e.g., determination of outliers) or

statistical analysis was inconsistently/inappropriately applied across replicates and datasets
(e.q., abserption-not-measured-across-time-series; inconsistent exclusion of outliers {perhaps
due to integrity failure} across measurements butcoefficientofvariation-forseveralreplicates
{SDrelative-to-mean) was < 25%;.

OR

Absorption estimates were not presented across a time series for each scenario eempenent.
OR

[The CV was > 25% and < 50% for more than half the samples across animals,
replicates, media (e.g., receptor fluid, timepoints) within an individual scenario in a
study.] OR [The CV was > 50% for more than half the samples within an individual
scenario in a study, and data are available for EPA to calculate an alternate (upper end)
value to account for variability in the results.]

Critically
Deficient

Statistical analysis was performed using an inappropriate method (e.g., parametric test for non-

normally distributed data) and/orceetficient-ofvariation-forseveral-replicates{SbBrelativeto
mean)-was->25%:

OR

Statistical analysis was not performed. OR The coefficient of variation (CV) was >50% for
more than half the samples (e.g., across samples, timepoints, dose groups) for an
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Rating Description
individual experiment.
AND
Data enabling an independent statistical analysis or to calculate an upper end value for
fraction absorbed/Kp were not provided.
These are serious flaws that make the study unusable.
Not Rated/Not | Statistical analysis was not possible (n = 1-2) or not necessary (clearly negative findings
Applicable across all groups).
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 20. Data interpretation

Is the interpretation of results consistent with standards and guidelines? For example, did reported absorption
estimates account for sufficient recovery? Was the combined amount of test substance in the skin (after
removing appropriate tape strips if tape strips were used), blood, tissues, excreta, carcass and cage wash counted
in the overall estimate? Was Kp vs fractional absorption results derived from the appropriate exposure
conditions (infinite dose vs finite dose, respectively)?

High

Recovery of applied test substance was adequate (mean of 100% +/- 10% or +/-20% for
volatile chemicals; recoveries outside this range must be justified) or the absorption estimate
was normalized to account for any reduction below these levels. Both the skin compartment
and any tape-stripping washes after the first two were included in the absorption estimate.
AND

Assay results were correctly interpreted relative to the properties of the test substance and the
assay setup (sufficient duration to capture all absorption if not evaporated, proper
interpretation of finite vs infinite dose).

Medium

Absorption estimates were calculated improperly or incompletely (e.g., skin compartment not
included, values not normalized if recovery less than adequate), however simple independent
data analysis is possible to overcome these issues.

Low

There are major uncertainties based on insufficient or incorrect interpretation of the results by
the authors (e.g., characterization of infinite vs finite doses), however EPA is able to estimate
results with some level of confidence.

Critically
Deficient

The reported scoring and/or evaluation criteria were very inconsistent with established
practices, resulting in the interpretation of data results that are seriously flawed and highly
misleading relative to the properly interpreted results (e.g., study author claims 5% absorption
but correct analysis results in 40% absorption; only percentage absorption but not flux is
reported for an infinite afinite dose) and therefore not usable for any scenarios

AND
EPA is unable to confidently interpret the correct results based on the reported data.

Not Rated/Not
Applicable

Do not select for this metric.

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]
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Rating Description

Metric 21. Reporting of data

Were the data for all outcomes presented? Were data reported by exposure group? Per OECD 427, data should
be presented as dislodgeable dose, skin compartment, blood concentration, excreta/expired air, and quantity
remaining in carcass or removed organs. Irritation should also be reported if identified.

High Data for exposure-related findings were presented by exposure group (e.g., all timepoints,
formulations, concentrations, finite vs. infinite dose) and tissue compartments/bodily fluids of
interest. Negative findings were reported qualitatively or quantitatively.

Medium Data for exposure-related findings were reported for most, but not all, treatment levels (all
tissue compartments/bodily fluids). The minor uncertainties in outcome reporting are unlikely
to have substantial impact on results (e.g., intermediate timepoints not included in the data
tables but the full curve is included).

Low Data for exposure-related findings were not shown for each treatment group, but results were
described in the text.

OR

Data were reported inconsistently or with errors, however EPA was able to interpret the correct
results with some level of confidence.

OR
Continuous data were presented without measures of variability or n/group.

Critically Data presentation was inadequate (e.g., the report does not differentiate among findings in
Deficient multiple exposure groups)
OR

Major inconsistencies were present in reporting of results that render the findings unreliable
and EPA is unable to confidently fill in gaps or make assumptions to make up for these
uncertainties.

Not Rated/Not | Do not use for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

5.6.2 Data Quality Metrics- In Vitro/Ex Vivo

Table 5-9 presents the in vitro/ex vivo dermal absorption data evaluation criteria, as modified since
publication of Appendix S of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a).
Language that was inserted is bolded and language removed is shown as strikethrough. EPA used
OECD guidelines to develop and update the criteria for the evaluation of in vitro/ex vivo dermal
absorption references (OECD, 2022a, 2011b, 2004a, c). For metrics 1, 3, 5, and 6 and 10-21, EPA
made changes to the wording were made to provide context and/or clarity to the evaluation question
and/or metric ratings. For metrics 4, 5, 7, 10 language was added in the places that were marked as
TBD in Appendix S of U.S. EPA (2021a). For metric 4, the wording originally used for the medium
rating was changed to indicate a high rating and wording was added to the medium rating. EPA also
updated the low and critically deficient rating descriptions. For metric 8, EPA removed the high
rating, and the description was incorporated into the medium rating. EPA updated metric 19 to

Page 107 of 138


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=11224552
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151511
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=11147625
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760

address data variability (the coefficient of variation) and revised metric 20 to clarify language and
consider whether the reference calculated appropriate values (Kp/flux vs. fraction absorbed). The full
set of in vitro/ex vivo data quality metrics are shown below.

Table 5-9. Updated Data Evaluation Criteria for In Vitro/Ex Vivo Dermal Absorption Studies

Data Quality
Rating

Description

Domain 1. Test substance

Metric 1. Test substance identity

Was the test substance identified definitively (i.e., established nhomenclature, CASRN, physical nature, physical and
chemical properties, and/or structure reported, including information on the specific form tested [e.g., salt or base,
valence state, isomer, if applicable] for materials that may vary in form)? If test substance was a mixture, were
mixture components and ratios characterized?

High

The test substance (i.e., chemical of interest) was identified definitively (i.e., nomenclature,
CASRN, structure) and where applicable the specific form (e.g., particle characteristics for solid
state materials, salt or base, valence state, hydration state, isomer, radiolabel, etc.) was definitively
and completely characterized. For mixtures, the components and ratios were characterized (i.e.,
provided as concentration, ratio of percentage of the mixture or product).

Additionally, for radiolabeled substances, the location of the radiolabel within the substance
should be indicated, ideally with the radiolabel **G-in a metabolically stable position.

Medium

The test substance (i.e., chemical of interest) was identified and the specific form was
characterized (where applicable). For mixtures, some components and components and ratios
were identified and characterized but at least the chemical of interest has a
percentage/concentration reported. There were minor uncertainties (e.g., minor characterization
details were omitted such as about the radiolabel details) that were unlikely to have a substantial
impact on results.

Low

The test substance and form (if applicable) were identified, and the components and ratios of
mixtures were characterized, but there were uncertainties regarding test substance identification or
characterization that are likely to have a substantial impact on the results (e.g., no information on
isomer (or enantiomer) composition of differences could affect toxicokinetic properties, limited
particle size information, omitted details regarding branched or straight chain structure).

Critically
Deficient

The test substance identity and form (the latter if applicable) could not be determined from the
information provided (e.g., nomenclature was unclear and CASRN or structure were not reported)

OR
For mixtures, the components and ratios were not characterized.

Not Rated/Not

Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]
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Description

Metric 2. Test substance source

Was the source of the test substance reported, including manufacturer and batch/lot number for materials that may
vary in composition? If synthesized or extracted, was test substance identity verified by analytical methods?

High

The source of the test substance was reported as a manufacturer or the production process was
specifically identified. The batch/lot number was identified (for materials that may vary in
composition), and the chemical identity was either certified by the source in the publication or
could be verified on a manufacturer’s website.

OR

The test substance identity was analytically verified by the laboratory that performed the toxicity
study.

Low

The test substance was synthesized or extracted by a source other than the manufacturer [and no
production process was identified].

OR
The source was not reported. AND
The test substance identity was NOT analytically verified by the performing laboratory.

Not Rated/Not

Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 3. Test substance purity

Was the purity or grade (i.e., analytical, technical) of the test substance (including the radiolabeled substance)
reported and adequate? Were impurities identified? Were impurities present in quantities that could influence the

results?

High

For discrete substances, the test substance (including radiolabel) purity and composition were
such that any observed effects were highly likely to be due to the nominal test substance itself
(e.g., highly pure at >98% or analytical grade test substance or a formulation of lower purity that
contains ingredients considered to be inert, such as water).

All components, including impurities and residual chemicals, were identified and the chemical of
interest was the main component (including the radiolabeled portion).

Medium

The nature and quantity of reported impurities (of the unlabeled and labeled portions of the
chemical) are such that study results were not likely to be substantially impacted by the impurities
(impurities not known to induce outcome of interest at low levels, impurities are inert or GRAS,
etc.).

Regardless of the nature and purity, for discrete chemicals, the purity of the chemical of interest
should be >70%, unless water is the only impurity.

Low

Purity and/or grade of test substance were not reported (for both the labeled and unlabeled
chemical).
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Rating Description
Critically The nature and quantity of reported impurities (for unlabeled and labeled substances) were such
Deficient that study results were likely to be due to one or more of the impurities. Fhis-is-a-serious-flaw-that

makes-the study-vhusable:
AND/OR

For discrete chemicals, purity (for labeled and unlabeled substances) was <70% with an
impurity other than water.

Not Rated/Not

Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Domain 2. Test design

Metric 4. Reference compounds

Were the results of a reference compound (e.g., caffeine, testosterone, benzoic acid) run concurrently or separately
and recently by the same laboratory and reported in the study? Was the absorption response appropriate?
Alternately, has the performlng Iab demonstrated prewous technlcal sufficiency in dermal absorption

High An appropriate concurrent reference compound was tested or data from a historical
reference compound was provided, and an appropriate response was observed. Any
uncertainties (e.g., omission of minor details regarding exposure or response) are minor.

Medium
An appropriate concurrent or historical reference compound was used, but there were some
deficiencies regarding the reference compound exposure or response (e.g., the response was
not well described, it is unclear whether the response was acceptable).

Low
No appropriate reference compound was used or reported AND there is no established history
of test performance in the performing laboratory.

Critically Reference compounds were run but an+ td

Deficient historical-controlsresults) indicates thaHheassayweuld#mtaeewateLymea&mbse#pﬂen—the

response was unacceptable (e.g., outside historical control results), raising concerns about
the validity of the assay.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]
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Rating Description

Metric 5. Assay procedures

Were assay methods and procedures (e.g., diffusion cell set up, temperature, humidity, physiological cenductivity
compatibility of receptor fluid, volumes applied and-surface-area-efskin, amount of test substance per surface
area of skin, use/measurement of occlusion or carbon trap, materials and procedures used for tape stripping,
capture of volatlle compounds |f requwed) descrlbed in detall and appllcableljustlfled’) Se&ethepmetnesier

metnel—f»—fer—repheates—pe%*p)- Do the study methods descrlbe how they ensure that quantlflcatlon of the
receptor fluid is adequately sensitive (e.g., sufficient signal-to-noise ratio, high enough specific activity of

radiolabel, sufficient amount of time or number of scintillations detected).

Diffusion cell setup should indicate static vs flow-through, and for flow-through the flow rate should be
indicated.

High Study authors described the methods and procedures (e.g., diffusion cell set up, temperature,
humidity, physiological eenductivity compatibility of receptor fluid, volumes applied and surface
area of skin, use/measurement of occlusion or carbon trap, specific activity of radiolabel,
materials and procedures used for tape stripping, capture of volatile compounds if required) used
for the test in detail and justified any relevant choices. Either a static cell or flow-through
system was used, with either constant stirring (static cell) or an appropriate flow- rate (flow-
through). These methods were appropriate based on the TGs and GDs above.

Medium Methods and procedures were partially described (e.g., all but temperature and humidity are
described) but appeared to be appropriate {e-g-—FBDB}, so the omission of details is unlikely to
have a substantial impact on results.

Low The methods and procedures were not well described or deviated from customary practices (e.g.,
FBD absence of occlusion or carbon trap for volatile test substance) and this is likely to have
a substantial impact on results, however conservative statistical adjustments could possibly
account for these deviations.

Critically Assay methods and procedures were not appropriate and would result in unusable data that
Deficient cannot be statistically accounted for (e.g., ¥BB failure to use a diffusion cell with sufficient
seal, too low volume/mass of test substance applied per surface area, tape stripping and
wash fractions combined and not measured independently).

Not Rated/Not | Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]
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Rating Description

Metric 6. Standards for tests

For assays with established criteria, were the test validity, acceptability, reliability, and/or QC criteria reported and
consistent with current standards and guidelines? Were sufficient data provided to determine that the
standards/guidelines have been met?

Example criteria:

Percent recovery: 100+10% of the radioactivity as stated in OECD TG 428; 100+20% for volatile and unlabeled
compounds as stated in OECD GD 28.

Coefficient of Variation: Variance across replicates should be measured and indicated when standard
deviation exceeds 25%.

Skin integrity: (1) Tritiated water — a.) a ‘limit value’ for a maximum Kp of 4.5 x10 - cm/h (Guth et al. 2015 [
Tox In Vitro 29:113-23]; Meidan and Roper, 2008 [Tox In Vitro 22:1062-9]) and mean Kp of 2.5 x 10-3 cm/h
(Bronaugh et al. 1986 [Br J Dermatol 115:1-11]) for human ex vivo skin and b.) percent absorption (< 0.6%
of applied dose in 1 hr) (Learn et al.— Poster from Charles River Labs).

(2) Electrical conductance - minimal threshold of 17 kilo-ohms (Fasano et al., 2002) [Tox In Vitro 16:731-
740]). (3) Trans-epidermal water loss - Less than 10 grams/m?/hr (Zhang, 2018) [Tox In Vitro 51: 129-135]
(4) Other internal reference standard methods (e.g., 3H-labeled compounds, methylene blue) as cited in
Guth et al. 2015.

See Guidance for Reviewers to view examples of various criteria.

17 kilo-ohms{Fasano et al., 2002)-

Medium Criteria used to determine the Fhe-testvalidity acceptability, reliability, and/or quality of the
experiment QC-eriteria-(e.g., threshold for skin integrity, percent recovery considered acceptable)
were reported and consistent with current standards and guidelines, as/if applicable and authors
stated that results met those criteria or the results provided enough detail to compare with
the criteria

Low Few or no QC criteria were reported, however, the reported results provided enough
information to evaluate how the study compared against the criteria stated in the study

and/or external criteria and standards. Seme-QGC-eriteria-were-notreported.

Critically Inadequate information was provided on the standards used to evaluate the study results
Deficient AND 1) the authors did not report whether the test met pre-established criteria,
OR

2) inadequate data on results were presented provided to demonstrate the validity, acceptability,
and reliability of the test when compared with current standards and guidelines or the pre-
established standards/criteria identified by the authors. In this case, adequate QC cannot be
performed.

Not Rated/Not | Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]
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Data Quality
Rating

Description

Domain 3. Exposure characterization

Metric 7. Preparation and storage of test substance (chemical)

Did the study characterize preparation of the test substance and storage conditions? Were the frequency of
preparation and/or storage conditions appropriate to the test substance stability and solubility (if applicable)?

High

The test substance preparation and/or storage conditions (e.g., test substance stability,
homogeneity, mixing temperature, stock concentration, stirring methods, storage conditions) were
reported and appropriate for the test substance (e.g., stability and solubility in diluents or solvents
confirmed especially if they differ from what is used commercially; volatile test substances
prepared and stored in sealed containers; same stock solution for all exposure concentrations).

Medium

The test substance preparation and storage conditions were reported, but minor limitations in the
test substance preparation and/or storage conditions were identified (e.g., test substance
formulations were stirred instead of centrifuged for a specific number of rotations per
minute FBD).

OR

There is an omission of details that are unlikely to have a substantial impact on results (e.g.,
preparation/administration of test substance is described, but storage is not reported; however,
storage is unlikely to affect results based on likely stability over the time frame of the test or the
physical and chemical properties of the chemical make concerns about volatility or solubility
unlikely).

Low

Deficiencies in reporting of test substance preparation, and/or storage conditions are likely to have
a substantial impact on results (e.g., available information on physical and chemical properties
suggests that stability and/or solubility of test substance in diluent/solvent may be poor).

OR

Information on preparation and storage was not reported and lack of details could substantially
impact results (e.g., preparation for volatile or low-solubility chemicals).

Critically
Deficient

Serious flaws reported regarding test substance preparation and/or storage conditions will have
critical impacts on dose/concentration estimates and make the study unusable (e.qg., instability of
test substance, test substance volatilized rapidly from storage containers).

Not Rated/Not

Do not select for this metric

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 8. Consistency of exposure administration
Were exposures administered consistently across study groups (e.g., consistent volumes and area of skin surface for

application)?

High
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Medium

Details of exposure administration were reported or inferred from the text, and but-the-miner
Himitations-inadministration-of exposures were administered consistently across study groups
in a scientifically sound manner (e.g., consistent volumes slight-variation-in-volume, thickness
and area of e skin surface used for application). Any minor deviations/limitations are
considered) thatwere-identified are unlikely to have a substantial impact on results.

OR

Details of exposure administration are incompletely reported, but the missing information is
unlikely to have a substantial impact on results.

Low

Details of exposure administration were reported, but deficiencies in administration of exposures
(e.g., moderate differences in volume, thickness, and area of skin surface used for application)
that were reported or inferred from the text are likely to have a substantial impact on results.

OR

Details of exposure administration are insufficiently reported and the missing information is likely
to have a substantial impact on results

Critically
Deficient

Exposures were not administered consistently across and/or within study groups (e.g., large
differences in volume, thickness, and area of skin surface used for application) resulting in serious
flaws that make the study unusable.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 9. Reporting of concentrations

Were exposure doses/concentrations or amounts of test substance reported without ambiguity (e.g., point estimate
instead of range, analytical instead of nominal)? Note: Ambiguity also applies to doses/concentrations if values
were only reported as points on a figure without numerical values.

High The exposure doses/concentrations or amounts of test substance were reported without ambiguity
(e.g., point estimate instead of range, analytical/measured instead of nominal).

Medium The exposure doses/concentrations or amounts of test substance were reported with some
ambiguity (e.g., range instead of point estimate OR nominal instead of analytical/measured).

Low The exposure doses/concentrations or amounts of test substance were reported but with substantial
ambiguity about precision (e.g., only an estimated range AND only nominal instead of analytical
measurements).

Critically The exposure doses/concentrations or amounts of test substance were not reported, resulting in

Deficient serious flaws that make the study unusable.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]
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Metric 10. Exposure duration

Was the exposure duration (e.g., hours) reported and was it appropriate for this study type and/or outcome(s) of
interest? Was the duration of exposure relevant to conditions of use and physical-chemical properties of the
test substance? Did measurements continue post-exposure to account for retained dose in skin? FrBB:-add

textabouthuman-exposurerelevaneyl.

High

The exposure duration (e.g., hours) was reported and was appropriate for the study type and/or
outcome(s) of interest (e.g., at least 6 to 10 hours prior to washing and up to at least 24 hours total
including post-washing). A shorter exposure duration may also be included but is less useful
unless the substance is demonstrated to be volatile, the results demonstrate that absorption
approached completion (e.g., nothing left in the skin wash or tape strip samples), or the
timepoint is used only for Kp/flux measurements.

Low The duration(s) of exposure differed slightly from current standards and guidelines for studies of
this type (e.g., <6 to 10 hours prior to washing and less than 24 hours total including post-
washing), and but the differences may are-untikely-te-have a substantial impact on results.

Critically No information on exposure duration(s) was reported OR

Deficient

the exposure duration was not appropriate OR

Duration(s) differed significantly from studies of the same or similar types and these differences
(most likely shorter duration).

TFhese-deficiencies are likely to have a substantial impact on interpretation of results.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 11. Number of exposure groups and concentrations spacing

Were the number of exposure groups/tested concentrations and dose/concentration spacing appropriate and
justified by study authors (e.g., to mimic a specific type of human exposure) and adequate for addressing the
purpose of the study across a wide range of conditions of use (COUs) (e.g., dilute, concentrated, and neat)?
(e.g., to evaluate dermal absorption)?

High

There were three or more dose Fhe-rumber-of-exposure-groups tested and dose/concentration
spacing were justified by study authors (e.g., to mimic a specific type of human exposure) and
were was adequate for addressing the purpose of the study.

Low

There were miner-limitations regarding the number of exposure groups and/or applied
dose/concentration spacing (e.g., unclear if lowest dose was low enough or the highest dose was
high enough, or less than three doses/concentrations tested), restricting the applicability of

the results to only a subset of COUs and weight fractions-);-but-the-rumber-of-exposure-groups

Critically
Deficient
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Not Rated/Not | Do not select for this metric.
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Domain 4. Test model

Metric 12. Test model (skin)

Were the test models (e.g., viable skin, cadaver/cosmetic surgery skin, animal skin) and descriptive information
(e.g., tissue origin, anatomical site, tissue storage, initial integrity or viability) reported? What was the source of the
test model? Was the model routinely used for the outcome of interest? For example, for human skin, split thickness
(200400um), dermatomed skin is preferred.

High The test model (e.g., viable skin, cadaver skin, cosmetic surgery skin, animal skin) and
descriptive information (e.g., tissue origin, anatomical site, tissue storage, integrity or viability,
lot/batch used) were reported and the test model was routinely used for the outcome of interest.

Low The test model was insufficiently reported and reporting ateng-with limited descriptive
OR

he test modelwas-reutinely used-for-the outeo ing limitations may are
unlikely-to-have a substantial impact on results.

Critically The test model and necessary descriptive information were not at all reported

Deficient OR

the test model was not appropriate for evaluation of the specific eutcome-of-interest

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 13. Number/Replicates per group
Was the number of replicates per dose/concentration group appropriate for the study type and outcome analysis?

Medium

The number of replicates per dose/concentration were reported and was appropriate (e.g.,
acceptable data from a minimum of four replicates per test preparation).

Low

The number of replicates per dose/concentration and timepoint was reported but was less than
recommended by current standards and guidelines (i.e., less than four replicates for each test
preparation according to OECD TG 428). This is likely to have an impact on results.

OR

The number of replicates per dose/concentration was not reported.

Critically
Deficient

The number of organisms or tissues per study group and/or replicates per study group was
insufficient to characterize dermal absorption (e.g., less than four replicates per test preparation
produced acceptable data).
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Rating Description
Not Rated/Not | Do not select for this metric. Notapplicablefor-qualitative-studies-netrequiring-any-statistics:
Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Domain 5. Outcome assessment

Metric 14. Outcome assessment methodology

Did the outcome assessment methodology address or report the intended outcome(s) of interest? Was the outcome
assessment methodology (including rature-ef-endpoints evaluated, measurement technique and timing of
measurement[s]) appropriate sensitive for the associated conditions of use (COUs)eutcome(s)-of-interest{e.g-
measured-endpoints-thatare-able-to-detecta-true-effect

)? OECD 428, OECD GD28 and the dosing scenario?

The outcome assessment methodology addressed the intended outcome(s) of interest AND was
sensitive for the outcome(s) of interest and followed OECD guidance documents. The selected
formulations are reasonable for the chemical of interest and would result in desingreflected
a sufficiently conservative estimate representative range of conditions of use for the chemical
of interest (e.g., use of IPM diluent).

{COUs)to-which-humans-are-exposed. The infinite dose scenario should be used is-eptimum-for

Kp determinations while finite dosing is required eptimal-for percent% absorption calculations.
For finiteFhe dose conditions, normally 1-5 mg/cm? of inthe skin for a solid, and up to 10
uL/cm? for liquids of test material should be loaded, unless otherwise justified. For dilutions
(i.e., not neat test material), finite should-be-considered-to-be-the-potentialhy-abserbable-dose
testing for each concentration of should ideally be conducted with application of 10 puL/cm?
test material. For infinite dose testing of solids, it is required that at least 10 mg/cm? of pure
substance be used to establish an undepletable dose, regardless of concentration. For infinite
dose testing of liquids, at least 100 pL/cm?of pure substance should be used to establish an

undepletable dose, regardless of concentration. ealeulate-the-final %-abserption—Recoverys
90£10% o1 80x£20% for volatie substances.

Medium

The outcome assessment methodology used partially addressed the intended outcomes(s) of

interest and deviations were explained, {e-g—mutation-frequency-evaluated-in-the-absenceof
eytotoxicity-ina-gene-mutation-test), but minor uncertainties (e.g., dosing was slightly below or

above the recommendations for finite or infinite scenarios) are unlikely to have a substantial
impact on results.

Low

Significant deficiencies in the implementation of the reported outcome assessment methodology
were identified (e.g., a volatile diluent was used with a volatile test substance matrixfassay
interferenceassay-yielded-anomalousresults, etc.)

OR

The outcome assessment methodology was not clearly reported and it was unclear whether
methods were sensitive for the outcome of interest. This is likely to have a substantial impact on
results.

Critically
Deficient

The reported assessment methodology was not sensitive to the outcome(s) of interest. For
example, percentage absorption was determined only from an infinite dose, and/thereported

measurement-endpeint(s) or Kp/flux was derived from a finite dose, and statistics could timing
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Description

were-not eaS|Iy be calculated mdependently senytwe—fer—the—euteeme(-s)-ef—mte#est—(eg—eem

msteadrefﬂa#eppest-e*pesutunetmatlempened% These are serious flaws that make the study

unusable.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 15. Consistency of outcome assessment

Was the outcome assessment carried out consistently (i.e., using the same protocol) across study groups (e.g.,
assessment at the same time after initial exposure in all study groups)?

High

Details of the outcome assessment protocol were reported and outcomes were assessed
consistently across study groups (e.g., at the same time after initial exposure) using the same
protocol in all study groups. All study groups utilized the same vehicle for the blank formulation
as for the study concentration groups a-vehiele, the duration of exposure was the same across
groups, the same receptor fluid composition was used utitized for each group, the sampling period
was consistent across groups, etc.

Medium

There were minor differences in the timing of outcome assessment across study groups, or
incomplete reporting of minor details of outcome assessment protocol execution were explained,
but these uncertainties or limitations are unlikely to have substantial impact on results.

Low

Details regarding the execution of the study protocol for outcome assessment (e.g., timing of
assessment across groups) were confusing, limited, or not reported nor deviations explained (or
cited to another publication with no description in the paper itself), and these deficiencies are
likely to have a substantial impact on results.

Critically
Deficient

There were large inconsistencies in the execution of study protocols for outcome assessment
across study groups. These are serious flaws that make the study unusable.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 16. Sampling adequacy and sensitivity
Was the reported sampling size adequate for the outcome(s) of interest, including number of evaluations per

exposure group, and endpomt (e g scmtlllatlon counts/sample)%umber—ef—shdes#eeusmqetaphase&evaluated-pe#

The study reported adequate sampling for the outcome(s) of interest including number of
evaluations per exposure group, and measurement sensitivity endpeoint (e.g., scintillation
counts/sample and/or duration of radioactivity detection, adequate signal to noise [i.e.,
background] ratio for detection [e.g., signal 3x noise]). The sampling intervals should be
adequate to allow accurately graphically representing the results of the receptor fluid content of
the test article versus time.
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Rating Description

Medium Details regarding sampling for the outcome(s) of interest were reported, but minor limitations
were identified in the reported sampling of the outcome(s) of interest and were explained.
However, those limitations are unlikely to have a substantial impact on results.

Low Details regarding sampling of outcomes were not fully reported nor explained and the omissions
are likely to have a substantial impact on results.

Critically Reported sampling was not adequate for the outcome(s) of interest and/or serious uncertainties or

Deficient limitations were identified in how the study carried out the sampling of the outcome(s) of interest

(e.g., replicates from control and test concentrations were evaluated at different times).

Not Rated/Not

N/A NA should be used for assays/studies that do not require a certain number of

Applicable slides/cells/metaphases etc. be sampled for scoring (i.e., mutagenicity assays, mechanistic
studies).

Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments

Comments that may highlight study strengths or important elements such as relevance]

Domain 6. Confounding/variable control

Metric 17. Confounding variables in test design and procedures

Were there confounding differences among the study groups in the size, and/or quality of tissues exposed that could
influence the outcome assessment, (e.g., skin integrity)?

High

There were no differences reported among study group parameters (e.g., test substance lot or
batch, strain/batch/ lot number of erganisms or-models-used-pergroup-er-size skin samples used
per group or size, and/or quality of tissues exposed) that could influence the outcome
assessment. Skin integrity was aceeptable measured by preferable methods (e.g., electrical
resistance and TEWL). Results of skin integrity testing were acceptable for all replicates
and exposure groups (e.g., > 17 kilo-ohms based on electrical resistance, less than 10
grams/m2/hr)

Medium

Minor differences were reported and explained in initial conditions that are unlikely to have a
substantial impact on results (e.g., tissues from two different lots were used and QC data were
similar for both lots). Skin integrity had-variability-but-were-acceptable was measured by a less
desirable method (e.g., tritiated water) , but results were acceptable (e.g., a ‘limit value’ for
Kp of 4.5 x10 2 cm/h or percent absorption of < 0.6% of applied dose in 1 hr). Outliers were
statistically evaluated. Most results of skin integrity testing were acceptable, and the number
of replicates/donors was adequate after excluding any unacceptable results.

Low

Initial strain/batch/lot number skin samples used per group, size, and/or quality of tissues exposed
was not reported. These deficiencies are likely to have a substantial impact on results.

Critically
Deficient

There were srgnrfrcant differences among the study groups with respect to the strain/batch/lot
number of @ 3 ,

%%net—quan#red—l%epesures—éd—ne#eﬂeetwerleer—@@% skln samples used per group or

size and/or quality of tissues exposed (e.g., several replicates demonstrated integrity issues ).
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Recovery varied greatly among replicates (i.e., >10%0). In this situation, results are not
reliable for estimating actual absorption.

Not Rated/Not

Do not select for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 18. Confounding variables in outcomes unrelated to exposure

Were there differences among the study groups unrelated to exposure to test substance (e.g., solubility in receptor
fluid eentamination) that could influence the outcome assessment? Did the test material interfere in the assay (e.g.,
altering fluorescence or absorbance, signal quenching by heavy metals, altering pH, solubility, or stability issues)?

High

There were no reported differences among the study replicates or groups in test model unrelated
to exposure (e.g., solubility in receptor fluid eentamination) and the test substance did not
interfere with the assay (e.g., signal quenching by heavy metals). The test substance was
demonstrated to be soluble in the receptor fluid.

Medium

Authors reported that one or more replicates or groups experienced disproportionate outcomes
unrelated to exposure (e.g., solubility issues eentamination), but data from the remaining
exposure replicates or groups were valid and is unlikely to have a substantial impact on results.
OR

The test material interfered in the assay, but the interference did not cause substantial differences
among the groups.

OR

Solubility in the receptor fluid was not demonstrated, but solubility is not likely to be an issue
based on the expected concentration relative to the receptor fluid formulation.

Low

Data on outcome differences unrelated to exposure (including receptor fluid formulation) were not
reported for each study replicate or group and the missing information is likely to have a
substantial impact on results.

OR

Assay interference was present or inferred resulting in large variabilities among the groups.

Critically
Deficient

There were indications of assay interference several replicates or groups or there is evidence of
insolubility in the receptor fluid such that no outcomes could be assessed.

Not Rated/Not
Applicable

Do not select for this metric.

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]

Domain 7. Data presentation and analysis

Metric 19. Data analysis

Were statistical methods, calculations methods, and/or data manipulation clearly described and appropriate for
dataset(s)? Were absorption estimates presented across a time series for each compartment of the test
system? Did the results vary widely?
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High

Statistical methods (including any calculations or data transformations) were clearly described or
had only minor omissions and were appropriate for the dataset(s). Percentage absorption estimates
were presented across a time series for each compartment of the test system, and Kp/flux
measurements were based on the linear/steady-state part of the absorption curve. Calculated
absorption estimates properly accounted for outliers consistently across
replicates/timepoints. The coefficient of variation (CV) was < 25% for more than half of the
samples across each individual scenario (across donors, replicates, media (e.g., receptor
fluid), timepoints) within the study.

lection ot outli  ctifiod.

Low

Statistical analysis was performed but not described adequately to understand what was performed
or whether it was properly applied (e.g., determination of outliers) or statistical analysis was
inconsistently/inappropriately applied across replicates and datasets (e.g., abserptien-net-measured
across-time-series;-inconsistent exclusion of outliers {perhaps due to integrity failure} across
measurements-coefficient-of variation-for several replicates {SD-relative to-mean)-was-<>25%),
OR

Absorption estimates were not presented across a time series for each scenario.
OR

[The CV was > 25% and < 50% for more than half the samples across donors, replicates,
media (e.g., receptor fluid, timepoints) within an individual scenario in a study.] OR [The
CV was > 50% for more than half the samples within an individual scenario in a study, and
data are available for EPA to calculate an alternate (upper end) value to account for
variability in the results.]

Critically
Deficient

Statistical analysis was performed using an inappropriate method (e.g., parametric test for non-

normally distributed data),-and/orcoefficient-ofvariationforseveralreplicates(SBrelative to
mean)was=>25%--OR Statistical analysis was not performed. OR The coefficient of variation

(CV) was >50% for more than half the samples (across donors, replicates, media (e.g.,
receptor fluid), timepoints) within an individual assay.

AND

Data enabling an independent statistical analysis or to calculate an upper end value for fraction
absorbed/Kp were not provided.

These are serious flaws that make the study unusable.

Not Rated/Not

Statistical analysis was not possible (n = 1—2) or not necessary (clearly negative findings across

Applicable all groups:-Ames-assay-using2-feld-increase-as-benchmark).
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

Metric 20. Data interpretation

IsWere-the-evaluation-eriteria-reperted-ane-s-the interpretation of results consistent with standards and guidelines?
For example, did reported absorption estimates account for sufficient recovery? Was the combined amount of test
substance in the skin and receptor fluid counted in the overall estimate? Was derivation of Kp vs fractional
absorption applied to the appropriate exposure conditions (infinite dose vs finite dose, respectively)?
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High

practices®. Recovery of applied test substance was adequate (90% for occluded or non-volatile
substance, 80% for non-occluded, volatile substance or unlabeled substance) or the absorption
estimate was normalized to account for any reduction below these levels. Both the skin
compartment and any tape-stripping washes after the first two were included in the
absorption estimate.

AND

Assay results were correctly interpreted relative to the properties of the test substance and the
assay setup (sufficient duration to capture all absorption if not evaporated, proper interpretation of
finite vs infinite dose).

Medium

Absorption estimates were reported improperly or incompletely (e.g., skin compartment not
included, values not normalized if recovery less than adequate), however simple independent data
analysis is possible to overcome these issues.

Low

There are major uncertainties based on insufficient or incorrect interpretation of the results
by the authors (e.g., characterization of infinite vs finite doses). However, EPA can estimate
results with some level of confidence.

Critically
Deficient

The reported scoringrating and/or evaluation criteria were very inconsistent with established
practices, resulting in the interpretation of data results that are seriously flawed and highly
misleading relative to the properly interpreted results (e.g., study author claims 5% absorption but
correct analysis results in 40% absorption, only percentage absorption is reported from a finite
dose) and therefore not usable for any scenarios.

Not Rated/Not
Applicable

Do not select for this metric.

Reviewer’s
Comments

[Document concerns, uncertainties, limitations, and deficiencies and any additional comments
that may highlight study strengths or important elements such as relevance]

Metric 21. Reporting of data
Were the data for all outcomes presented? Were data reported by exposure group?

High

Data for exposure-related findings were presented for all outcomes by exposure group (e.g., all
timepoints, formulations, concentrations, finite vs infinite dose). Negative findings were
reported qualitatively or quantitatively.

Medium

Data for exposure-related findings were reported for most, but not all, outcomes by exposure
group (e.g., both short and long-term exposures). The minor uncertainties in outcome reporting
are unlikely to have substantial impact on results (e.g., intermediate timepoints not included in
the data tables but the full curve is included).

Low

Data for exposure-related findings were not shown for each study group, but results were
described in the text.

OR
Data were only reported for some outcomes. OR
Continuous data were presented without measures of variability or n/group.
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Rating Description
Critically Data presentation was inadequate (e.g., the report does not differentiate among findings in
Deficient multiple exposure groups)

OR
Major inconsistencies were present in reporting of results that render the findings uncertain
regarding hazard identification or dose- response.

Not Rated/Not | Do not use for this metric.

Applicable
Reviewer’s [Document concerns, uncertainties, limitations, and deficiencies and any additional comments
Comments that may highlight study strengths or important elements such as relevance]

6 EVIDENCE INTEGRATION

As described in Section 7 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a), evidence
integration refers to the consideration of evidence obtained from systematic review and scientific
information obtained from sources that did not undergo systematic review to implement a weight of the
scientific evidence approach. The weight of the scientific evidence is defined as “a systematic review
method, applied in a manner suited to the nature of the evidence or decision, that uses a pre-established
protocol to comprehensively, objectively, transparently, and consistently identify and evaluate each
stream of evidence, including strengths, limitations, and relevance of each study and to integrate
evidence as necessary and appropriate based upon strengths, limitations, and relevance” (40 CFR
702.33). The consideration of the quality and relevance of the data, while taking into account the
strengths and limitations of the data, to appropriately evaluate the evidence for this supplement, is
described in Section 7 of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a).

6.1 Physical and Chemical Properties

The systematic review process identified multiple data for each of the physical-chemical properties
analyzed in the risk evaluation. Relevant data types used for the physical-chemical assessment are
discussed in Appendix K of the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). When a
specific datum is cited for a given physical-chemical parameter, priority is given to data from expert-
curated, peer-reviewed databases that have been identified as “trusted sources”. Sources of uncertainty
are discussed, when appropriate, in the risk evaluation.

6.2 Environmental Fate and Transport

Relevant data types used for environmental fate and transport assessment are listed in Table 7-1 of the
2021 Draft Systematic Review Protocol (U.S. EPA, 2021a). Systematic review data as well as data gaps
filled using evidence streams outside systematic review are incorporated as described in Figure 7-1.
Quality of these data are determined based on whether they are measured or estimated data, and further
broken down based on consistency, study design, study conditions and uncertainty (Figure 7-2).

6.3 Environmental Release and Occupational Exposure

To evaluate environmental releases and occupational exposures for the various COUs, EPA first mapped
the COUs to broader occupational exposure scenario (OES) categories, as shown in the Release and
Occupational Exposure Assessment for Diisononyl Phthalate (U.S. EPA, 20249). Specifically, EPA
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developed OES categories to group processes or applications with similar sources of environmental
releases and occupational exposures. For each OES, EPA integrated the occupational exposure results
for various job classifications to be representative of all U.S. workers and sites within that OES.

The EPA did not utilize release data from any programmatic databases (such as the DMR, TRI, and NEI
databases), because DINP release reporting was not required and no data for DINP were reported. As a
result, EPA used data from the systematic review literature, Emission Scenario Documents (ESDs),
Generic Scenarios (GSs), and Specific Environmental Release Categories (SpERCs) to determine model
input parameters for each OES. As described in the Release and Occupational Exposure Assessment for
Diisononyl Phthalate (U.S. EPA, 20240), EPA ran Monte Carlo simulations with 100,000 iterations and
the Latin Hypercube sampling method, using the statistical distribution for each input parameter to
calculate a full distribution of the final release results for each OES. EPA selected the 50" and 95"
percentiles of the resulting distributions to represent central tendency and high-end releases,
respectively. To estimate the number of sites using DINP within an OES, EPA relied on the Chemical
Data Reporting (CDR) (U.S. EPA, 2020) database for manufacturing and import sites. For all other
OESs, EPA used GS and ESD inputs to estimate the number of sites and used U.S. Census Bureau data
where necessary to provide a bounding estimate.

EPA assessed OES-specific exposures to workers and occupational non-users (ONUSs) based on
monitoring data, surrogate monitoring data, and modeling approaches. EPA developed worker activity
information using GSs, ESD, SpERCs and other systematic review literature, as described in the Release
and Occupational Exposure Assessment for Diisononyl Phthalate (U.S. EPA, 20249). When sufficient
monitoring data for an OES were available, EPA gave preference to monitoring data under 20 years old,
as the Occupational Safety and Health Administration (OSHA) has not set a permissible exposure limit
(PEL) for DINP. For dermal exposure assessment, EPA estimated potential dermal loading based on the
range of values provided in the ChemSTEER Manual (U.S. EPA, 2013).

EPA identified inhalation monitoring data for the manufacturing and PVC plastic converting OESs from
industry submissions and published and peer-reviewed literature. EPA used this monitoring data as a
surrogate for other OES with similar expected exposure conditions. For OES where monitoring data or
surrogate data were not available, EPA utilized literature and relevant ESDs, GSs, and SpERCs to
determine input parameters and approaches to model the defining exposure activity for each OES. The
application of adhesives and sealants and the application of paints and coatings OESs utilized the
Automotive Refinishing Spray Coating Mist Inhalation Model. This model incorporates EPA-collected,
surrogate spray application data obtained through a search of available OSHA In-Depth Surveys of the
Automotive Refinishing Shop Industry and other relevant studies (OECD, 2011a). The Release and
Occupational Exposure Assessment for Diisononyl Phthalate (U.S. EPA, 20249) describes all models,
approaches, and parameters. Where available, EPA used literature data to estimate the number of
exposure days. EPA relied on U.S. Census Bureau data and OES-assigned NAICS codes to estimate the
number of workers and ONUs potentially exposed to DINP within each OES.

6.4 General Population, Consumer, and Environmental Exposure

Diisononyl phthalate (DINP) concentrations in ambient air, surface water, sediment, soil, landfills, and
biosolids were gathered and summarized within each environmental media pathway within the
Environmental Media and General Population Exposure for Diisononyl Phthalate (DINP) (U.S. EPA
2024c). The sources and approaches to gather monitoring data from peer-reviewed publications,
government reports, and/or databases were classified as monitoring and mainly used to compare with
modeling results or to support qualitative assessments. Consumer products containing DINP were
identified through review and searches of a variety of sources, such as completed assessments, 2016 and

Page 124 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363165
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10706134
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363165
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809033
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363165
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363167
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363167

2020 Chemical Data Reporting (U.S. EPA, 2020, 2016). General population and environmental
exposures were evaluated for the inhalation, dermal and ingestion exposure pathways based on
environmental release data. In summary, modeled environmental release estimates were used as inputs
for the general population exposure modeling.

6.4.1 General Population and Environmental Exposure: Surface, Groundwater, and
Drinking Water

For the environmental exposure assessment, EPA used modeled surface water concentrations and
sediment concentrations modeled via VVWM-PSC.

EPA conducted modeling with the U.S. EPA’s Variable Volume Water Model with Point Source
Calculator tool (VVWM-PSC), to estimate concentrations of DINP within surface water and sediment.
VVWM-PSC considers model inputs of physical and chemical properties of DINP (i.e., Kow, Koc,
water column half-life, photolysis half-life, hydrolysis half-life, and benthic half-life) allowing EPA to
model predicted surface water concentrations (U.S. EPA, 2019). The VVWM-PSC model was also used
to estimate settled sediment in the benthic region of streams.

Where available, EPA compared reported environmental monitoring data with EPA modeled media
concentrations. Section 4.2 of the Environmental Media and General Population Exposure for
Diisononyl Phthalate (DINP) (U.S. EPA, 2024c) summarizes measured concentrations of DINP within
published literature for surface water, precipitation, and sediment. Section 4.1 of the Environmental
Media and General Population Exposure for Diisononyl Phthalate (DINP) (U.S. EPA, 2024c) presents
modeled concentrations of DINP within surface water and sediment from surface water and wastewater
for relevant COUs. Concentrations of DINP in surface water can lead to different exposure scenarios
including dermal exposure [presented in Section 5.1.1 (U.S. EPA, 2024c¢)] or incidental ingestion
exposure [Section 5.1.2 (U.S. EPA, 2024c)] to the general population swimming in affected waters.
Exposure scenarios were assessed using the highest concentration of DINP in surface water based on
highest releasing OES (Use of Lubricants and Functional Fluids). Additionally, modeled surface water
concentrations were used to estimate drinking water exposures [Section 6 (U.S. EPA, 2024c)].

When applying the PSC, certain physicochemical parameters are used as model input variables, which
are collected as a part of the fate team’s assessment. The use of SR to verify physical and chemical
properties of DINP are thus relevant for exposure modeling using the VVWM-PSC. Physical-chemical
and fate properties selected by EPA for this assessment were applied as inputs to the PSC model and
were sourced from parameters reviewed and described within the and Physical Chemistry Assessment
for Diisononyl Phthalate (DINP) (U.S. EPA, 2024h) and Fate Assessment for Diisononyl Phthalate
(DINP) (U.S. EPA, 2024e).

6.4.2 General Population and Environmental Exposure: Ambient Air

EPA evaluated general population and environmental exposures based on measured and predicted
concentrations of DINP in ambient air. Section 8.1 and 8.2 of the Environmental Media and General
Population Screening for Diisononyl Phthalate (DINP) (U.S. EPA, 2024c) summarizes the estimated
ambient air concentrations and reported measured concentrations for ambient air found in the peer-
reviewed from the systematic review, respectively. EPA estimated air releases were used as inputs for
estimating ambient air concentrations and deposition fluxes via American Meteorological
Society/Environmental Protection Agency Regulatory Model (AERMOD). A full description of input
parameters is provided in Appendix C of the Environmental Media and General Population Screening
for Diisononyl Phthalate (DINP) (U.S. EPA, 2024c). Modeled ambient air concentrations were used to
estimate inhalation exposure. Modeled deposition fluxes were used to estimate soil concentrations of
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DINP in sections 8.3.1. Where available, EPA compared reported environmental monitoring or
systematic review data with AERMOD modeled ambient air concentrations.

6.4.3 General Population Exposure: Dietary, Biomonitoring and Exposure
Reconstruction

Human milk and urinary biomonitoring data for DINP was collected through systematic review. DINP
biomonitoring data for human milk from the systematic review monitoring literature is summarized in
Section 10.1 (Human Milk Exposures) of the Environmental Media and General Population Exposure
for Diisononyl Phthalate (DINP) (U.S. EPA, 2024c). EPA reviewed biomonitoring studies that
measured DINP in human milk, and the highest measured concentration was used to screen for risks.
The results supported EPA’s decision to not quantitatively evaluate infant exposure to DINP via human
milk ingestion.

DINP urinary biomonitoring data from the systematic review monitoring literature was considered. EPA
relied on NHANES biomonitoring data analyzed in Section 10.2 of the Environmental Media and
General Population Exposure for Diisononyl Phthalate (DINP) (U.S. EPA, 2024c). EPA focused on
other agency risk evaluations to compare against EPA’s own analysis of NHANES biomonitoring data.

6.4.4 Consumer Exposure Assessment

EPA assessed consumer exposure to DINP for both users and bystanders, resulting from use of
consumer products and articles, see The Consumer and Indoor Dust Exposure Assessment for
Diisononyl Phthalate (DINP) (U.S. EPA, 2024a). The major routes of exposure considered were via
ingestion, inhalation, and dermal exposure. Consumer products containing DINP were identified through
review and searches of a variety of sources, such as completed assessments, 2016 and 2020 Chemical
Data Reporting (U.S. EPA, 2020, 2016), in addition to chemical safety data sheets (SDSs) identified
through product-specific internet searches. Chemical weight fractions were gathered from SDSs and
completed assessments and used to tailor COU-specific consumer exposure scenarios for products and
articles identified in the consumer market. The dermal assessment was based on (Elsisi et al., 1989),
which was an in vivo absorption study using male F344 rats.

Altogether, EPA screened over 633 exposure studies with potential relevance to the DINP risk
evaluation. Out of this total, 14 studies were of most relevance to the consumer exposure assessment and
contained COU-specific data for the DINP. These 14 studies had a various OQD assignment of high and
medium per systematic review exposure evaluation metrics (U.S. EPA, 2021a). Data from these 14
studies were extracted to inform the consumer inhalation, ingestion, and dermal assessment of DINP.

6.4.4.1 Indoor Dust Monitoring
EPA evaluated consumer exposure to DINP through ingestion of indoor dust based on measured
concentrations of DINP in representative residential scenarios. Section 4.1.2 of the Consumer and
Indoor Dust Exposure Assessment for Diisononyl Phthalate (DINP) (U.S. EPA, 2024i) summarizes the
indoor dust concentration data that was identified during systematic review. Thirty-eight (38) studies
were identified as containing measured DINP concentrations in dust during systematic review. Of these,
three studies were identified as containing United States data on residential measured DINP
concentrations in dust (the remaining 35 studies measured DINP dust concentrations in non-residential
buildings such as offices, schools, businesses, and day cares, did not present original data, and/or were
not conducted in the United States). The measured data on DINP concentrations in residential indoor
dust were used with dust intake rate estimates from (Ozkaynak et al., 2022) and body mass estimates
from the Exposure Factors Handbook (U.S. EPA, 2011a) to obtain an allometric estimate of DINP
intake for consumers in residential household dust.
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6.4.5 Other data sources

The exposure models relied heavily on the physical chemical and fate properties as input parameters.
Sections 5.1 and 5.2 describe how the physical chemical and fate properties were selected. Where
applicable, EPA relied on model defaults, exposure factors and activity patterns available from EPA’s
Exposure Factors Handbook (U.S. EPA, 2017). As mentioned previously, these physical chemical and
fate parameters are used as inputs for PSC modeling of surface water concentrations of DINP and as
inputs for AERMOD modeling.

6.5 Environmental and Human Health Hazard

Sections 7.4 and 7.5, the 2021 Draft Systematic Review Protocol explain how information from data
sources that undergo systematic review and those that do not are considered for use in risk evaluations
under TSCA, specifically, for evaluating environmental and human health hazard, respectively (U.S.
EPA, 2021a).

The environmental hazard evidence streams, as described in Table 7-8 of the 2021 Draft Systematic
Review Protocol, have been updated to increase the level of clarity and consistency of granularity (U.S.
EPA, 2021a). Table 6-1 the updated environmental hazard evidence streams that parses out the types of
mechanistic data evidence streams.

6.5.1 Environmental Hazard

Section 7.4.1 of the 2021 Draft Systematic Review Protocol describes how environmental hazard
integration is organized into different evidence streams. The environmental hazard evidence streams for
risk evaluations conducted under TSCA, as described in Table 7-8 of the 2021 Draft Systematic Review
Protocol, have been updated (Table 6-1; updates are represented in bold text) to increase the level of
clarity and consistency of granularity (U.S. EPA, 2021a). These updated environmental hazard evidence
streams more clearly reflect how apical and mechanistic hazardous endpoints (as defined by the
screening PECO statement) that result from either controlled field/laboratory or uncontrolled exposure
field studies are binned to better consider the relevancy of the data for the respective risk evaluation.

Table 6-1. Querying the Evidence to Organize Integration for Environmental Data and
Information

Evidence Stream Questions

Apical endpoints | Of the available data, are there endpoints that could have population level effects
(controlled such as reproduction, growth, and/or mortality?

field/laboratory

conditions)

Mechanistic data | Is the mechanistic endpoint linked to an apical endpoint? Is it part of an AOP? If
(controlled not, can you instead use it qualitatively? If a transcriptomic point of departure
field/laboratory (tPOD) is available, is it appropriate to use quantitatively?

conditions)

Apical endpoints | Are there any field studies available showing adverse effects? How does

(uncontrolled exposure to the chemical of interest affect the community of organisms? Are
exposure field there any co-occurring adverse environmental conditions other than exposure to
conditions) the chemical of interest that should be taken into consideration?
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Evidence Stream Questions

Mechanistic Is the mechanistic endpoint linked to an apical endpoint? Is it part of an
endpoints AOP? If not, can you instead use it qualitatively? If a transcriptomic point
(uncontrolled of departure (tPOD) is available, is it appropriate to use quantitatively? Are
exposure field there any co-occurring adverse environmental conditions other than
conditions) exposure to the chemical of interest that should be taken into

consideration?

As described in the Draft Environmental Hazard Assessment for Diisononyl Phthalate (DINP) (U.S.
EPA, 2024b), streams for environmental hazard included empirical data with apical endpoints for
aquatic and terrestrial organisms that were reviewed following the TSCA systematic review process.

EPA reviewed potential environmental health hazards associated with DINP (U.S. EPA, 2024b). Studies
identified as meeting PECO screening criteria and evaluated for data quality received an overall quality
determination of high, medium, low, or uninformative. Data on the toxicity of DINP were limited and
only high and medium-quality studies were used for purposes of hazard and risk characterization (U.S.
EPA, 2024b). An OQD of high and medium were assigned to 19 aquatic studies and 12 terrestrial
studies. Due to a lack of wildlife terrestrial mammalian studies, controlled laboratory studies that used
rats as human health model organisms were used to assess terrestrial hazards. When high and/or
medium-quality empirical data were not readily available for DINP, modeled data were incorporated
into the evidence stream. Predictive models represented within the body of evidence included Variable
Volume Water Model - Point Source Calculator (VVWM-PSC) and American Meteorological
Society/Environmental Protection Agency Regulatory Model (AERMOD). Modeled data served as
evidence streams that fall outside of systematic review but include systematically reviewed methods and
were integrated with evidence streams that fall within the TSCA systematic review process.

Using empirical and modeled evidence streams, EPA characterized the environmental hazards of DINP
to surrogate species representing various receptor groups (U.S. EPA, 2024b), including, freshwater
vertebrates (fish, acute and chronic; amphibian, acute); freshwater invertebrates (acute and chronic);
freshwater algae (acute and chronic); a terrestrial invertebrate (earthworm); and terrestrial vertebrates
((mammalian (rat): oral routes of exposure)).

Evaluations of the strength of evidence and weight of scientific evidence for environmental hazard was
conducted as described within Section 7.4.2 of the 2021 Draft Systematic Review Protocol (U.S. EPA
2021a). For additional details on the application of this methodology, please see Appendix B of the
Draft Environmental Hazard Characterization for DINP (U.S. EPA, 2024b) and Section 3 of the Draft
Environmental Risk Assessment for DINP (U.S. EPA, 20241).

6.5.2 Human Health Hazard

Section 7.5 of the 2021 Draft Systematic Review Protocol describes how EPA considers individual
evidence streams (human, animal toxicity, and mechanistic/supplemental studies) when integrating
evidence (U.S. EPA, 2021a). For risk evaluations conducted under TSCA, the human health hazard
evidence streams were updated (Table 6-2) to more clearly reflect how apical and mechanistic hazard
endpoints (as defined by the screening PECO statement) that result from either animal toxicology and
epidemiology studies are binned to better consider the relevancy of the data for the risk evaluation.
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Table 6-2. Querying the Evidence to Organize Integration for Human Health Hazard Data and
Information

Evidence Stream Questions

Studies of Exposed | Is there any qualitative data in human studies that can be used to support PODs used for
Humans Considered | risk estimates?

for Deriving
Toxicity Values

In Vivo Mammalian | Is there dose-response information and/or endpoints that could be used as PODs? Are

Animal Studies there differences/similarities in toxicity across studies of different exposure durations
Considered for and routes? Is there concordance across species and studies for observed endpoints?
Deriving Toxicity

Values

Mechanistic and In Is the mechanistic endpoint linked to an apical endpoint? Is it part of an AOP? If not,
Vitro Studies and can it be used qualitatively?

Supplemental
Information

However, as discussed in Section 4.6.1 above, because of the wealth of existing assessments for DINP, a
modified fit for purpose approach was employed. Rather than evaluating and integrating all evidence
examining DINP exposure and all health outcomes, EPA focused on identifying studies that could
inform an updated dose response assessment or supported identification of a new human health hazard.
To do this, EPA first reviewed existing assessments of DINP by U.S. CPSC (2014, 2010), Health
Canada (Health Canada, 2020; EC/HC, 2015), NTP-CERHR (2003), ECB (2003), ECHA (20134, b),
EFSA (2019, 2005), and Australia NICNAS (2012), which have consistently identified non-cancer liver,
kidney and developmental toxicity as the most sensitive non-cancer hazards associated with oral
exposure to DINP in experimental animal models.

EPA assumed that key studies used to support POD selection in existing assessments would also be
important for its updated hazard and dose-response assessment of DINP. For purposes of this
assessment, EPA considered key studies from existing assessments of DINP to be those considered for
dose-response assessment and/or those used to establish a POD for subsequent use in risk
characterization. Key studies were evaluated for data quality consistent with EPA’s Draft Systematic
Review Protocol (U.S. EPA, 2021a). Because existing assessments of DINP have consistently identified
liver, kidney, and developmental effects of DINP as the most sensitive effects, evidence streams were
integrated for these health outcomes.

However, as further described in Section 4.6.1 above and in the Human Health Hazard Assessment for
Diisononyl Phthalate (DINP) (U.S. EPA, 2024f), EPA also sought to identify new PECO-relevant
literature published since the most recent existing assessment of DINP (EC/HC, 2015). New PECO-
relevant studies provided information pertaining to five health outcomes: reproductive/developmental,
neurotoxicity, cardiovascular, immune system, and musculoskeletal. Therefore, evidence streams were
also integrated for these non-cancer health outcomes, as well as for all cancer outcomes.

6.6 Dermal Absorption

Table 6-3 presents relevant questions to consider when integrating evidence from empirical data, read-
across analysis from analog chemicals, and models of dermal absorption.
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For evaluating dermal exposures to DINP, EPA first considered available data related to the dermal
absorption of DINP. However, EPA identified only one acceptable study that measured dermal
absorption of DINP (Midwest Research Institute, 1983), which was an in vivo absorption study of neat
DINP using male F344 rats and received an OQD of medium. For interpretation of the data, EPA
applied the relationship of Nderm suggested by (Kissel, 2011) to determine that dermal absorption of
DINP is “flux-limited.” Consequently, EPA estimated dermal exposures using a flux-based approach,
and the absorptive flux from exposure to liquid materials containing DINP was estimated using data
from (Midwest Research Institute, 1983). Because there were no data related to dermal absorption of

DINP from solid materials, EPA relied on the dermal modeling approach within (U.S. EPA, 2004) along

with U.S. EPA (U.S. EPA, 2023) to estimate the aqueous steady-state permeability coefficient. The
parameters of surface area and body weight were sourced from the EPA Exposure Factors Handbook
(U.S. EPA, 2011b), and the absorption time for occupational dermal exposures was sourced from the
Chemical Engineering Branch Manual for Preparation of Engineering Assessments (U.S. EPA, 1991).

Table 6-3. Querying the Evidence to Organize Integration for Human Health Dermal Absorption

Evidence Stream
(Individual or
Combined)

Questions

Studies of Exposed
Humans for the
Target Chemical

Are there human studies that can be used quantitively to determine dermal absorption
estimates or qualitatively in a weight of scientific evidence analysis?

In Vivo Mammalian
Animal Studies for
the Target Chemical

Are there in vivo animal data that can be used quantitatively or qualitatively?

In Vitro/Ex Vivo
Studies and
Supplemental
Information for the
Target Chemical

Avre there in vitro dermal absorption data that can be used quantitatively or
gualitatively?

Read Across From
Chemical Analogs

Are there human, in vivo, or in vitro/ex vivo dermal absorption data available for
analogs of the target chemical that have similar physical-chemical properties?

Models for Kp and
Fraction Absorption

Are there models available to estimate the dermal permeability coefficient (Kp) or
fraction absorbed?

Combining
Evidence

Are there differences/similarities in dermal absorption across studies? Is there
concordance within and across in vivo and in vitro studies as well as within and across
species?

If read-across analysis from an analog chemical is used, is there consistency with any
limited data for the target chemical or among the analog chemical studies?

If multiple models are used, is there concordance among the models and with any
limited empirical data?

Page 130 of 138



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325430
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2947724
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325430
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=664634
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374403
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=786546
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532330

7/ REFERENCES

Beltifa, A; Feriani, A; Ghorbel, A; Giuseppa Di, B; Hedi Ben, M; Joris Van, L; Ghazouani, L;
Macherki, M; Sire, O; Reyns, T. (2018). Persistent plasticizers and bisphenol in the cheese of
Tunisian markets induced biochemical and histopathological alterations in male BALB/c mice.
Environ Sci Pollut Res Int 25: 6545-6557. http://dx.doi.org/10.1007/s11356-017-0857-6

Bhurke, A; Davila, J; Flaws, JA; Bagchi, MK; Bagchi, IC. (2023). Exposure to di-isononyl phthalate
during early pregnancy disrupts decidual angiogenesis and placental development in mice.
Reprod Toxicol 120: 108446. http://dx.doi.org/10.1016/j.reprotox.2023.108446

Bio/dynamics. (1986). Chronic toxicity/oncogenicity study in F-344 rats (final report) with cover letter
dated 042386 [TSCA Submission]. (EPA/OTS Doc #868600062). Houston, TX: Exxon
Chemical Americas.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults.xhtml?searchQuery=0TS0510211

Bio/dynamics. (1987). A chronic toxicity carcinogenicity feeding study in rats with Santicizer 900 with
cover letter dated 06/05/87 [TSCA Submission]. (EPA/OTS Doc #86870000362). St. Louis,
MO: Monsanto Company.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0513172.xhtml

Boberg, J; Christiansen, S; Axelstad, M; Kledal, TS; Vinggaard, AM; Dalgaard, M; Nellemann, C; Hass,
U. (2011). Reproductive and behavioral effects of diisononyl phthalate (DINP) in perinatally
exposed rats. Reprod Toxicol 31: 200-209. http://dx.doi.org/10.1016/j.reprotox.2010.11.001

Boberg, J; Christiansen, S; Axelstad, M; Kledal, TS; Vinggaard, AM; Dalgaard, M; Nellemann, C; Hass,
U. (2016). Corrigendum to "Reproductive and behavioral effects of diisononyl phthalate (DINP)
in perinatally exposed rats" [Reprod. Toxicol. 31 (2) (2011) 200-209] [Erratum]. Reprod Toxicol
63: 183-184. http://dx.doi.org/10.1016/j.reprotox.2016.07.001

CDC, CfDCaP. (2022). Formaldehyde (FDH) (CAS RN: 50-00-0): NHANES Biomonitoring Data
(Blood; Cigarette smoke). Atlanta, GA: Centers for Disease Control and Prevention. Retrieved
from https://www.cdc.gov/exposurereport/data_tables.htmI?NER_Sectionltem=NHANES

Chen, J; Yang, S; Ma, BC; Wang, JL; Chen, JX. (2022). Di-isononyl phthalate induces apoptosis and
autophagy of mouse ovarian granulosa cells via oxidative stress. Ecotoxicol Environ Saf 242:
113898. http://dx.doi.org/10.1016/j.ecoenv.2022.113898

Chiang, C; Flaws, JA. (2019). Sub-chronic exposure to di(2-ethylhexyl) phthalate and diisononyl
phthalate during adulthood has immediate and long-term reproductive consequences in female
mice. Toxicol Sci 168: 620-631. http://dx.doi.org/10.1093/toxsci/kfz013

Chiang, C; Lewis, LR; Borkowski, G; Flaws, JA. (2020a). Exposure to di(2-ethylhexyl) phthalate and
diisononyl phthalate during adulthood disrupts hormones and ovarian folliculogenesis
throughout the prime reproductive life of the mouse. Toxicol Appl Pharmacol 393: 114952.
http://dx.doi.org/10.1016/j.taap.2020.114952

Chiang, C; Lewis, LR; Borkowski, G; Flaws, JA. (2020b). Late-life consequences of short-term
exposure to di(2-ethylhexyl) phthalate and diisononyl phthalate during adulthood in female mice.
Reprod Toxicol 93: 28-42. http://dx.doi.org/10.1016/j.reprotox.2019.12.006

Chiu, K; Bashir, ST; Chiu, J; Nowak, RA; Flaws, JA. (2021). The Impact of Di-Isononyl Phthalate
Exposure on Specialized Epithelial Cells in the Colon. Toxicol Sci 184: 142-153.
http://dx.doi.org/10.1093/toxsci/kfab105

Chiu, K; Bashir, ST; Nowak, RA; Mei, W; Flaws, JA. (2020). Subacute exposure to di-isononyl
phthalate alters the morphology, endocrine function, and immune system in the colon of adult
female mice. Sci Rep 10: 18788-18788. http://dx.doi.org/10.1038/s41598-020-75882-0

Clewell, RA; Sochaski, M; Edwards, K; Creasy, DM; Willson, G; Andersen, ME. (2013a). Disposition
of diiosononyl phthalate and its effects on sexual development of the male fetus following
repeated dosing in pregnant rats. Reprod Toxicol 35: 56-69.
http://dx.doi.org/10.1016/j.reprotox.2012.07.001

Page 131 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5490084
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5490084
http://dx.doi.org/10.1007/s11356-017-0857-6
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11784571
http://dx.doi.org/10.1016/j.reprotox.2023.108446
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1065989
https://ntrl.ntis.gov/NTRL/dashboard/searchResults.xhtml?searchQuery=OTS0510211
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=679889
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0513172.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=806135
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=806135
http://dx.doi.org/10.1016/j.reprotox.2010.11.001
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3540855
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3540855
http://dx.doi.org/10.1016/j.reprotox.2016.07.001
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10709922
https://www.cdc.gov/exposurereport/data_tables.html?NER_SectionItem=NHANES
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11784564
http://dx.doi.org/10.1016/j.ecoenv.2022.113898
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5043616
http://dx.doi.org/10.1093/toxsci/kfz013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978479
http://dx.doi.org/10.1016/j.taap.2020.114952
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978481
http://dx.doi.org/10.1016/j.reprotox.2019.12.006
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151638
http://dx.doi.org/10.1093/toxsci/kfab105
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978425
http://dx.doi.org/10.1038/s41598-020-75882-0
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325350
http://dx.doi.org/10.1016/j.reprotox.2012.07.001

Clewell, RA; Thomas, A; Willson, G; Creasy, DM; Andersen, ME. (2013b). A dose response study to
assess effects after dietary administration of diisononyl phthalate (DINP) in gestation and
lactation on male rat sexual development. Reprod Toxicol 35: 70-80.
http://dx.doi.org/10.1016/j.reprotox.2012.07.008

Covance Labs. (1998a). Support: oncogenicity study in mice with di(isononyl)phthalate including
ancillary hepatocellular proliferation and biochemical analyses with cover letter dated
11/18/1998 [2598-105] [TSCA Submission]. (2598-105). Philadelphia, PA: Aristech Chem
Corp. https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS05562833.xhtml

Covance Labs. (1998b). Support: Oncogenicity study in rats with di(isononyl) phthalate including
ancillary hepatocellular proliferation & biochemical analyses with cover [TSCA Submission].
(EPA/OTS Doc #89980000308). Philadelphia, PA: Aristech Chemical Corp.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS05562832.xhtml

CPSC. (1998). Risk of chronic toxicity associated with exposure to diisononyl phthalate (DINP) in
children's product. (PB99115867). Bethesda, MD.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB99115867.xhtml

CPSC. (2010). Toxicity review of Diisononyl Phthalate (DINP). Bethesda, MD.
http://www.cpsc.gov/PageFiles/126539/toxicityDINP.pdf

CPSC. (2014). Chronic Hazard Advisory Panel on phthalates and phthalate alternatives (with
appendices). Bethesda, MD: U.S. Consumer Product Safety Commission, Directorate for Health
Sciences. https://www.cpsc.gov/s3fs-public/ CHAP-REPORT-With-Appendices.pdf

Dekant, W. (2012). Comparison of potential endocrine disrupting properties of di-isononyl phthalate
(DINP), di-isodecyl phthalate (DIDP), and di-n-butyl phthalate (DNBP). Brussels, Belgium:
European Council for Plasticizers and Intermediates.

Deng, T; Xie, X; Duan, J; Chen, M. (2019). Exposure to diisononyl phthalate induced an increase in
blood pressure through activation of the ACE/ AT1R axis and inhibition of NO production.
Toxicol Lett 309: 42-50. http://dx.doi.org/10.1016/j.toxlet.2019.03.011

EC/HC. (2015). State of the science report: Phthalate substance grouping 1,2-Benzenedicarboxylic acid,
diisononyl ester; 1,2-Benzenedicarboxylic acid, di-C8-10-branched alkyl esters, C9-rich
(Diisononyl Phthalate; DINP). Chemical Abstracts Service Registry Numbers: 28553-12-0 and
68515-48-0. Gatineau, Quebec. https://www.ec.gc.ca/ese-
ees/default.asp?lang=En&n=47F58AA5-1

ECB. (2003). European union risk assessment report: DINP. European Commission.
http://publications.jrc.ec.europa.eu/repository/handle/JRC25827

ECHA. (2013a). Committee for Risk Assessment (RAC) Opinion on the ECHA’s draft review report on
“Evaluation of new scientific evidence concerning DINP and DIDP in relation to entry 52 of
Annex XVII to Regulation (EC) No 1907/2006 (REACH)” ECHA/RAC/A77-0-0000001412-86-
10/F. https://echa.europa.eu/documents/10162/13579/rac_opinion_dinp_didp_en.pdf/f54e95e0-
c116-4f31-a52d-e6f680e3ebct

ECHA. (2013b). Evaluation of new scientific evidence concerning DINP and DIDP in relation to entry
52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Helsinki, Finland.
http://echa.europa.eu/documents/10162/31b4067e-de40-4044-93e8-9¢c9ff1960715

EESA. (2005). Opinion of the scientific panel on food additives, flavourings, processing aids and
materials in contact with food (AFC) on a request from the commission related to di-
isononylphthalate (DINP) for use in food contact materials. Question N° EFSA-q-2003-194 (pp.
1-18). http://dx.doi.org/10.2903/j.efsa.2005.244

EESA. (2019). Update of the risk assessment of di-butylphthalate (DBP), butyl-benzyl-phthalate (BBP),
bis(2-ethylhexyl)phthalate (DEHP), di-isononylphthalate (DINP) and di-isodecylphthalate
(DIDP) for use in food contact materials. EFSA J 17: ee05838.
http://dx.doi.org/10.2903/j.efsa.2019.5838

Page 132 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325348
http://dx.doi.org/10.1016/j.reprotox.2012.07.008
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325481
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS05562833.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680087
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS05562832.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=791209
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB99115867.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1987625
http://www.cpsc.gov/PageFiles/126539/toxicityDINP.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2439960
https://www.cpsc.gov/s3fs-public/CHAP-REPORT-With-Appendices.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2079180
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5534474
http://dx.doi.org/10.1016/j.toxlet.2019.03.011
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3688004
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=47F58AA5-1
https://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=47F58AA5-1
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3687865
http://publications.jrc.ec.europa.eu/repository/handle/JRC25827
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3687948
https://echa.europa.eu/documents/10162/13579/rac_opinion_dinp_didp_en.pdf/f54e95e0-c116-4f31-a52d-e6f680e3ebc6
https://echa.europa.eu/documents/10162/13579/rac_opinion_dinp_didp_en.pdf/f54e95e0-c116-4f31-a52d-e6f680e3ebc6
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2441673
http://echa.europa.eu/documents/10162/31b4067e-de40-4044-93e8-9c9ff1960715
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3688079
http://dx.doi.org/10.2903/j.efsa.2005.244
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6548141
http://dx.doi.org/10.2903/j.efsa.2019.5838

Elsisi, AE; Carter, DE; Sipes, 1G. (1989). Dermal absorption of phthalate diesters in rats. Fundam Appl
Toxicol 12: 70-77. http://dx.doi.org/10.1016/0272-0590(89)90063-8

Exxon Biomedical. (1996a). Reproduction toxicity study in rats with diisononyl phthalate (DINP; MRD-
92-455) (sanitized). (Project No. 145535). Houston, TX: ExxonMobil Chemical Company.

Exxon Biomedical. (1996b). Two generation reproduction toxicity study in rats with diisononyl
phthalate (DINP; MRD-92-455) [unpublished] (sanitized). (Project No. 145535A). Houston, TX:
Exxon Chemical Company.

ExxonMobil. (2010). Diisononyl phthalate (DINP) carcinogenicity hazard assessment. Sacramento, CA:
California Office of Environmental Health Hazard Assessment.
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.175.2101 &rep=repl &type=pdf

Fasano, WJ; Manning, LA; Green, JW. (2002). Rapid integrity assessment of rat and human epidermal
membranes for in vitro dermal regulatory testing: correlation of electrical resistance with tritiated
water permeability. Toxicol In Vitro 16: 731-740. http://dx.doi.org/10.1016/s0887-
2333(02)00084-x

Furr, JR; Lambright, CS; Wilson, VS; Foster, PM; Gray, LE, Jr. (2014). A short-term in vivo screen
using fetal testosterone production, a key event in the phthalate adverse outcome pathway, to
predict disruption of sexual differentiation. Toxicol Sci 140: 403-424.
http://dx.doi.org/10.1093/toxsci/kfu081

Gray Jr, LE; Lambright, CS; Evans, N; Ford, J; Conley, JM. (2024). Using targeted fetal rat testis
genomic and endocrine alterations to predict the effects of a phthalate mixture on the male
reproductive tract. Curr Res Toxicol 7: 100180. http://dx.doi.org/10.1016/j.crtox.2024.100180

Gu, Y; Gao, M; Zhang, W; Yan, L; Shao, F; Zhou, J. (2021). Exposure to phthalates DEHP and DINP
May lead to oxidative damage and lipidomic disruptions in mouse kidney. Chemosphere 271:
129740. http://dx.doi.org/10.1016/j.chemosphere.2021.129740

Hannas, BR; Lambright, CS; Furr, J; Howdeshell, KL; Wilson, VS; Gray, LE. (2011). Dose-response
assessment of fetal testosterone production and gene expression levels in rat testes following in
utero exposure to diethylhexyl phthalate, diisobutyl phthalate, diisoheptyl phthalate, and
diisononyl phthalate. Toxicol Sci 123: 206-216. http://dx.doi.org/10.1093/toxsci/kfr146

Health Canada. (2020). Screening assessment - Phthalate substance grouping. (En14-393/2019E-PDF).
Environment and Climate Change Canada. https://www.canada.ca/en/environment-climate-
change/services/evaluating-existing-substances/screening-assessment-phthalate-substance-
grouping.html

Hwang, YH:; Son, YJ; Paik, MJ; Yee, ST. (2017). Effects of diisononyl phthalate on osteopenia in intact
mice. Toxicol Appl Pharmacol 334: 120-128. http://dx.doi.org/10.1016/j.taap.2017.08.016

Kang, J; Song, J; Shen, S; Li, B; Yang, X; Chen, M. (2016). Diisononyl phthalate aggravates allergic
dermatitis by activation of NF-kB. Onct 7: 85472-85482.
http://dx.doi.org/10.18632/oncotarget.13403

Kissel, JC. (2011). The mismeasure of dermal absorption. J Expo Sci Environ Epidemiol 21: 302-309.
http://dx.doi.org/10.1038/jes.2010.22

Koch, HM; Muller, J; Angerer, J. (2007). Determination of secondary, oxidised di-iso-nonylphthalate
(DINP) metabolites in human urine representative for the exposure to commercial DINP
plasticizers. J Chromatogr B Analyt Technol Biomed Life Sci 847: 114-125.
http://dx.doi.org/10.1016/j.jchromb.2006.09.044

Laws, MJ; Meling, DD; Deviney, ARK; Santacruz-Marquez, R; Flaws, JA. (2023). Long-term exposure
to di(2-ethylhexyl) phthalate, diisononyl phthalate, and a mixture of phthalates alters estrous
cyclicity and/or impairs gestational index and birth rate in mice. Toxicol Sci 193: 48-61.
http://dx.doi.org/10.1093/toxsci/kfad030

Lee, BM; Koo, HJ. (2007). Hershberger assay for antiandrogenic effects of phthalates. J Toxicol
Environ Health A 70: 1365-1370. http://dx.doi.org/10.1080/15287390701432285

Page 133 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=675074
http://dx.doi.org/10.1016/0272-0590(89)90063-8
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1987588
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1987589
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2079253
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.175.2101&rep=rep1&type=pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=8803668
http://dx.doi.org/10.1016/s0887-2333(02)00084-x
http://dx.doi.org/10.1016/s0887-2333(02)00084-x
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2510906
http://dx.doi.org/10.1093/toxsci/kfu081
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11785000
http://dx.doi.org/10.1016/j.crtox.2024.100180
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978408
http://dx.doi.org/10.1016/j.chemosphere.2021.129740
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=788239
http://dx.doi.org/10.1093/toxsci/kfr146
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228626
https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/screening-assessment-phthalate-substance-grouping.html
https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/screening-assessment-phthalate-substance-grouping.html
https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/screening-assessment-phthalate-substance-grouping.html
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4615070
http://dx.doi.org/10.1016/j.taap.2017.08.016
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3540856
http://dx.doi.org/10.18632/oncotarget.13403
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2947724
http://dx.doi.org/10.1038/jes.2010.22
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680026
http://dx.doi.org/10.1016/j.jchromb.2006.09.044
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11784622
http://dx.doi.org/10.1093/toxsci/kfad030
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=673292
http://dx.doi.org/10.1080/15287390701432285

Li, L; Bu, T; Su, H; Chen, Z; Liang, Y; Zhang, G; Zhu, D; Shan, Y; Xu, R; Hu, Y; Li, J; Hu, G; Lian, Q;
Ge, RS. (2015). In utero exposure to diisononyl phthalate caused testicular dysgenesis of rat fetal
testis. Toxicol Lett 232: 466-474. http://dx.doi.org/10.1016/j.toxlet.2014.11.024

Liang, F; Yan, B. (2020). Oxidative damage in the liver and kidney induced by dermal exposure to
diisononyl phthalate in Balb/c mice. Toxicol Ind Health 36: 30-40.
http://dx.doi.org/10.1177/0748233719900861

Ma, P; Liu, X; Wu, J; Yan, B; Zhang, Y; Lu, Y; Wu, Y; Liu, C; Guo, J; Nanberg, E; Bornehag, CG;
Yang, X. (2015). Cognitive deficits and anxiety induced by diisononyl phthalate in mice and the
neuroprotective effects of melatonin. Sci Rep 5: 14676. http://dx.doi.org/10.1038/srep14676

Mckee, R; David, R; Butala, JH; Parod, R; Navarro, L. (2005). Assessment of hazard potential and risk
for asthmatic responses following residential exposure to phthalates [Abstract]. Toxicologist 84:
55.

Midwest Research Institute. (1983). Dermal disposition of 14C-diisononyl phthalate in rats, final report
with cover letter [TSCA Submission]. (OTS0206328. 878213843). Exxon Corporation.
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0206328.xhtml

Neier, K; Cheatham, D; Bedrosian, LD; Dolinoy, DC. (2018). Perinatal exposures to phthalates and
phthalate mixtures result in sex-specific effects on body weight, organ weights and intracisternal
A-particle (IAP) DNA methylation in weanling mice. J Dev Orig Health Dis 10: 1-12.
http://dx.doi.org/10.1017/S2040174418000430

Neier, K; Cheatham, D; Bedrosian, LD; Gregg, BE; Song, PXK; Dolinoy, DC. (2019). Longitudinal
metabolic impacts of perinatal exposure to phthalates and phthalate mixtures in mice.
Endocrinology 160: 1613-1630. http://dx.doi.org/10.1210/en.2019-00287

NICNAS. (2012). Priority existing chemical assessment report no. 35: Diisononyl phthalate. (PEC35).
Sydney, Australia: Australian Government Department of Health and Ageing.
https://www.industrialchemicals.gov.au/sites/default/files/PEC35-Diisononyl-phthalate-
DINP.pdf

NTP-CERHR. (2003). NTP-CERHR monograph on the potential human reproductive and
developmental effects of di-isononyl phthalate (DINP) (pp. i-11190). (NIH Publication No. 03-
4484). Research Triangle Park, NC: National Toxicology Program Center for the Evaluation of
Risks to Human Reproduction.
http://ntp.niehs.nih.gov/ntp/ohat/phthalates/dinp/dinp_monograph_final.pdf

OECD. (20044a). Guidance document for the conduct of skin absorption studies.
(ENV/IM/MONO(2004)2). https://www.oecd-ilibrary.org/environment/guidance-document-for-
the-conduct-of-skin-absorption-studies 9789264078796-
en;jsessionid=R95G2RBh7UhKBEXKA28kPPHPPmMxc8L YbY 3f6KX18.ip-10-240-5-151

OECD. (2004b). Test No. 427: Skin absorption: in vivo method. Paris, France.

OECD. (2004c). Test No. 428: Skin absorption: In vitro method. Paris, France.
http://dx.doi.org/10.1787/9789264071087-en

OECD. (2011a). Emission scenario document on coating application via spray-painting in the
automotive refinishing industry. (ENV/JM/MONO(2004)22/REV1). Paris, France: Organization
for Economic Co-operation and Development.
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2004)22/
revi&doclanguage=en

OECD. (2011b). Guidance notes on dermal absorption. (ENV/JM/MONO(2011)36).
https://www.oecd.org/env/ehs/testing/48532204.pdf

OECD. (2022a). No. 156: Guidance notes on dermal absorption studies, Second edition.
(ENV/IM/MONO(2011)36/REV1).

OECD. (2022b). Series on Testing & Assessment, No. 156: Guidance notes on dermal absorption
studies (Second edition). (ENV/JIM/MONO(2011)36/REV1). Paris, France: Organisation for

Page 134 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2807612
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2807612
http://dx.doi.org/10.1016/j.toxlet.2014.11.024
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7978423
http://dx.doi.org/10.1177/0748233719900861
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3071020
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3071020
http://dx.doi.org/10.1038/srep14676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1325430
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0206328.xhtml
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728894
http://dx.doi.org/10.1017/S2040174418000430
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5433513
http://dx.doi.org/10.1210/en.2019-00287
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3687905
https://www.industrialchemicals.gov.au/sites/default/files/PEC35-Diisononyl-phthalate-DINP.pdf
https://www.industrialchemicals.gov.au/sites/default/files/PEC35-Diisononyl-phthalate-DINP.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=680097
http://ntp.niehs.nih.gov/ntp/ohat/phthalates/dinp/dinp_monograph_final.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151510
https://www.oecd-ilibrary.org/environment/guidance-document-for-the-conduct-of-skin-absorption-studies_9789264078796-en;jsessionid=R95G2RBh7UhKBExKA28kPPHPPmxc8LYbY3f6KXt8.ip-10-240-5-151
https://www.oecd-ilibrary.org/environment/guidance-document-for-the-conduct-of-skin-absorption-studies_9789264078796-en;jsessionid=R95G2RBh7UhKBExKA28kPPHPPmxc8LYbY3f6KXt8.ip-10-240-5-151
https://www.oecd-ilibrary.org/environment/guidance-document-for-the-conduct-of-skin-absorption-studies_9789264078796-en;jsessionid=R95G2RBh7UhKBExKA28kPPHPPmxc8LYbY3f6KXt8.ip-10-240-5-151
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11224650
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11147625
http://dx.doi.org/10.1787/9789264071087-en
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3808976
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2004)22/rev1&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2004)22/rev1&doclanguage=en
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151511
https://www.oecd.org/env/ehs/testing/48532204.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11224552
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10679004

Economic Co-operation and Development (OECD).
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-
MONO(2011)36%20&doclanguage=en

Ozkaynak, H; Glen, G; Cohen, J; Hubbard, H; Thomas, K; Phillips, L; Tulve, N. (2022). Model based
prediction of age-specific soil and dust ingestion rates for children. J Expo Sci Environ
Epidemiol 32: 472-480. http://dx.doi.org/10.1038/s41370-021-00406-5

Pan, TL; Wang, PW; Aljuffali, IA; Hung, YY; Lin, CF; Fang, JY. (2014). Dermal toxicity elicited by
phthalates: Evaluation of skin absorption, immunohistology, and functional proteomics. Food
Chem Toxicol 65: 105-114. http://dx.doi.org/10.1016/].fct.2013.12.033

Peng, L. (2015). Mice brain tissue injury induced by diisononyl phthalate exposure and the protective
application of vitamin e. J Biochem Mol Toxicol 29: 311-320.
http://dx.doi.org/10.1002/jbt.21700

QuanTech. (2021). American Healthy Homes Survey, final report: Data documentation. (AHHSII).
Washington, DC: U.S. Department of Housing and Urban Development.
https://www.hud.gov/program_offices/healthy homes

Sadakane, K; Ichinose, T; Takano, H; Yanagisawa, R; Koike, E. (2014). Effects of oral administration of
di-(2-ethylhexyl) and diisononyl phthalates on atopic dermatitis in NC/Nga mice.
Immunopharmacol Immunotoxicol 36: 61-69. http://dx.doi.org/10.3109/08923973.2013.866678

Santacruz-Mérquez, R; Safar, AM; Laws, MJ; Meling, DD; Liu, Z; Kumar, TR; Nowak, RA; Raetzman,
LT; Flaws, JA. (2024). The effects of short-term and long-term phthalate exposures on ovarian
follicle growth dynamics and hormone levels in female micef. Biol Reprod 110: 198-210.
http://dx.doi.org/10.1093/biolre/ioad137

Sedha, S; Gautam, AK; Verma, Y; Ahmad, R; Kumar, S. (2015). Determination of in vivo estrogenic
potential of Di-isobutyl phthalate (DIBP) and Di-isononyl phthalate (DINP) in rats. Environ Sci
Pollut Res Int 22: 18197-18202. http://dx.doi.org/10.1007/s11356-015-5021-6

Setti Ahmed, K; Kharoubi, O; Aoues, AEK; Bouchekara, M; Khaladi, B; Taleb, M. (2018). Effect of
gestational and lactational exposure to dehp, dinp, and dep on intestinal morphology,
disaccharidases, and alkaline phosphatase in rats during postnatal development. Am J Perinatol
35: 1251-1259. http://dx.doi.org/10.1055/s-0038-1642027

U.S. EPA. (1991). Chemical engineering branch manual for the preparation of engineering assessments.
(68-D8-0112). Cincinnati, OH: US Environmental Protection Agency, Office of Toxic
Substances.
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&I
ndex=1991%20Thru%201994&Docs=&Query=& Time=&EndTime=&SearchMethod=1&TocRe
strict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField
=&IntQFieldOp=0&ExtQFieldOp=0&XmIQuery=&File=D%3A%5CZYFILES%5CINDEX%20
DATA%5CI91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Pas
sword=anonymous&SortMethod=h%7C-
&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r7598/r7598/x150y150916/i425&D
isplay=hpfr&DefSeekPage=x&SearchBack=ZyActionL &Back=ZyActionS&BackDesc=Results
%20page&MaximumPages=233&ZyEntry=1

U.S. EPA. (2004). Risk Assessment Guidance for Superfund (RAGS), volume I: Human health
evaluation manual, (part E: Supplemental guidance for dermal risk assessment).
(EPA/540/R/99/005). Washington, DC: U.S. Environmental Protection Agency, Risk
Assessment Forum. https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-e

U.S. EPA. (2011a). Exposure Factors Handbook, Chapter 8: Body weight studies. Washington, DC.
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-8

U.S. EPA. (2011b). Exposure factors handbook: 2011 edition [EPA Report]. (EPA/600/R-090/052F).
Washington, DC: U.S. Environmental Protection Agency, Office of Research and Development,

Page 135 of 138


https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2011)36%20&doclanguage=en
https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV-JM-MONO(2011)36%20&doclanguage=en
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
http://dx.doi.org/10.1038/s41370-021-00406-5
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2219803
http://dx.doi.org/10.1016/j.fct.2013.12.033
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2919074
http://dx.doi.org/10.1002/jbt.21700
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9416854
https://www.hud.gov/program_offices/healthy_homes
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2215659
http://dx.doi.org/10.3109/08923973.2013.866678
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11784618
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11784618
http://dx.doi.org/10.1093/biolre/ioad137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3052887
http://dx.doi.org/10.1007/s11356-015-5021-6
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4829398
http://dx.doi.org/10.1055/s-0038-1642027
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532330
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://nepis.epa.gov/Exe/ZyNET.exe/P10000VS.txt?ZyActionD=ZyDocument&Client=EPA&Index=1991%20Thru%201994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C91THRU94%5CTXT%5C00000019%5CP10000VS.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=233&ZyEntry=1
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=664634
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-e
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11367759
https://www.epa.gov/expobox/exposure-factors-handbook-chapter-8
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=786546

U.S

National Center for Environmental Assessment.
https://nepis.epa.gov/Exe/ZyPURL.cqi?Dockey=P100F20S.txt

.S. EPA. (2013). ChemSTEER user guide - Chemical screening tool for exposures and environmental

releases. Washington, D.C. https://www.epa.gov/sites/production/files/2015-
05/documents/user_guide.pdf

.S. EPA. (2016). Chemical data reporting: 2016 data. Washington, DC: U.S. Environmental Protection

u.S

U.S

Agency, Chemical Data Reporting. Retrieved from https://www.epa.gov/chemical-data-
reporting/access-cdr-data#2016

.S. EPA. (2017). Update for Chapter 5 of the Exposure Factors Handbook: Soil and dust ingestion

U.S

[EPA Report]. (EPA/600R-17/384F). Washington, DC: National Center for Environmental
Assessment, Office of Research and Development.
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100TTX4.txt

.S. EPA. (2018). Application of systematic review in TSCA risk evaluations. (740-P1-8001).

U.S

Washington, DC: U.S. Environmental Protection Agency, Office of Chemical Safety and
Pollution Prevention. https://www.epa.gov/sites/production/files/2018-
06/documents/final application of sr in tsca 05-31-18.pdf

.S. EPA. (2019). Point Source Calculator: A Model for Estimating Chemical Concentration in Water

Bodies. Washington, DC: U.S. Environmental Protection Agency, Office of Chemical Safety and
Pollution Prevention.

.S. EPA. (2020). 2020 CDR Data [Database]. Washington, DC. Retrieved from

u.S

u.S

https://www.epa.gov/chemical-data-reporting/access-cdr-data#2020

.S. EPA. (2021a). Draft systematic review protocol supporting TSCA risk evaluations for chemical

substances, Version 1.0: A generic TSCA systematic review protocol with chemical-specific
methodologies. (EPA Document #EPA-D-20-031). Washington, DC: Office of Chemical Safety
and Pollution Prevention. https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-
0005

.S. EPA. (2021b). Final scope of the risk evaluation for di-isononyl phthalate (DINP) (1,2-benzene-

U.S

dicarboxylic acid, 1,2-diisononyl ester, and 1,2-benzenedicarboxylic acid, di-C8-10-branched
alkyl esters, C9-rich); CASRNs 28553-12-0 and 68515-48-0 [EPA Report]. (EPA-740-R-21-
002). Washington, DC: Office of Chemical Safety and Pollution Prevention.
https://www.epa.gov/system/files/documents/2021-08/casrn-28553-12-0-di-isononyl-phthalate-
final-scope.pdf

.S. EPA. (2022). Ambient Monitoring Technology Information Center (AMTIC) - Ambient

U.S

U.S

Monitoring Archive for HAPs [Database]. Washington, DC. Retrieved from
https://www.epa.gov/amtic/amtic-ambient-monitoring-archive-haps

.S. EPA. (2023). Consumer Exposure Model (CEM) Version 3.2 User's Guide. Washington, DC.

U.S

https://www.epa.gov/tsca-screening-tools/consumer-exposure-model-cem-version-32-users-
guide

.S. EPA. (2024a). Draft Consumer Exposure Assessment for Diisononyl Phthalate (DINP).

Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024b). Draft Environmental Hazard Assessment for Diisononyl Phthalate (DINP).

U.S

U.S

Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024c). Draft Environmental Media and General Population Screening for Diisononyl

U.S

Phthalate (DINP). Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024d). Draft Environmental Release and Occupational Exposure Assessment for

Diisononyl Phthalate (DINP). Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024e). Draft Fate Assessment for Diisononyl Phthalate (DINP). Washington, DC: Office of

U.S

U.S

Pollution Prevention and Toxics.

.S. EPA. (2024f). Draft Human Health Hazard Assessment for Diisononyl Phthalate (DINP).

Page 136 of 138


https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100F2OS.txt
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809033
https://www.epa.gov/sites/production/files/2015-05/documents/user_guide.pdf
https://www.epa.gov/sites/production/files/2015-05/documents/user_guide.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10312768
https://www.epa.gov/chemical-data-reporting/access-cdr-data#2016
https://www.epa.gov/chemical-data-reporting/access-cdr-data#2016
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097842
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P100TTX4.txt
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://www.epa.gov/sites/production/files/2018-06/documents/final_application_of_sr_in_tsca_05-31-18.pdf
https://www.epa.gov/sites/production/files/2018-06/documents/final_application_of_sr_in_tsca_05-31-18.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205568
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10706134
https://www.epa.gov/chemical-data-reporting/access-cdr-data#2020
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-0005
https://www.regulations.gov/document/EPA-HQ-OPPT-2021-0414-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228619
https://www.epa.gov/system/files/documents/2021-08/casrn-28553-12-0-di-isononyl-phthalate-final-scope.pdf
https://www.epa.gov/system/files/documents/2021-08/casrn-28553-12-0-di-isononyl-phthalate-final-scope.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11195094
https://www.epa.gov/amtic/amtic-ambient-monitoring-archive-haps
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374403
https://www.epa.gov/tsca-screening-tools/consumer-exposure-model-cem-version-32-users-guide
https://www.epa.gov/tsca-screening-tools/consumer-exposure-model-cem-version-32-users-guide
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363166
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363170
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363167
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363164
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363162
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363171

Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024q). Draft Occupational Exposure Assessment for Diisononyl Phthalate (DINP).

u.S

Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024h). Draft Physical Chemistry Assessment for Diisononyl Phthalate (DINP).

u.S

Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024i). Draft Risk Evaluation for Diisononyl Phthalate (DINP). Washington, DC: Office of

u.S

Pollution Prevention and Toxics.

.S. EPA. (2024j). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

u.S

Supplemental File: Data Extraction Information for Environmental Hazard and Human Health
Hazard Animal Toxicology and Epidemiology. Washington, DC: Office of Pollution Prevention
and Toxics.

.S. EPA. (2024k). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

u.S

Supplemental File: Data Extraction Information for General Population, Consumer, and
Environmental Exposure. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024l). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation and Data Extraction Information for Dermal
Absorption. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024m). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

u.S

Supplemental File: Data Quality Evaluation and Data Extraction Information for Environmental
Fate and Transport. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024n). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation and Data Extraction Information for Environmental
Release and Occupational Exposure. Washington, DC: Office of Pollution Prevention and
Toxics.

.S. EPA. (20240). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation and Data Extraction Information for Physical and
Chemical Properties. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024p). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation Information for Environmental Hazard. Washington,
DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024q). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation Information for General Population, Consumer, and
Environmental Exposure. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024r). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation Information for Human Health Hazard Animal
Toxicology. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024s). Draft Risk Evaluation for Diisononyl Phthalate (DINP) — Systematic Review

U.S

Supplemental File: Data Quality Evaluation Information for Human Health Hazard
Epidemiology. Washington, DC: Office of Pollution Prevention and Toxics.

.S. EPA. (2024t). Systematic Review Protocol for Diisodecyl Phthalate (DIDP). Washington, DC:

U.S

u.S.

Office of Pollution Prevention and Toxics. https://www.regulations.gov/document/EPA-HO-
OPPT-2024-0073
EPA; U.S.G.S.; NWQMC. (2022). Formaldehyde (FDH) (CAS RN: 50-00-0): WQP Output

(NWIS, STEWARDS & STORET), Site data & sample results (physical/chemical metadata)
[Database]: National Water Quality Monitoring Council. Retrieved from
https://acwi.gov/monitoring/watergualitydata.html

Wu, Z; Li, J; Ma, P; Li, B; Xu, Y. (2015). Long-term dermal exposure to diisononyl phthalate

exacerbates atopic dermatitis through oxidative stress in an FITC-induced mouse model.
Frontiers in Biology 10: 537-545. http://dx.doi.org/10.1007/s11515-015-1382-y

Page 137 of 138


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363165
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363163
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363161
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363110
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363106
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363104
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363103
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363101
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363109
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363105
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363108
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363107
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363087
https://www.regulations.gov/document/EPA-HQ-OPPT-2024-0073
https://www.regulations.gov/document/EPA-HQ-OPPT-2024-0073
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10709398
https://acwi.gov/monitoring/waterqualitydata.html
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5619466
http://dx.doi.org/10.1007/s11515-015-1382-y

Page 138 of 138



