National Academy of Sciences (NAS)
Board on Environmental Studies and Toxicology
Committee to Review Advances Made to the IRIS Process
Public Workshop, 1-2 February, 2018
We welcome this opportunity to submit written comments to the National Academy of Sciences
(NAS) for consideration by the Committee undertaking review of the U.S. Environmental
Protection Agency’s (EPA) Integrated Risk Information System (IRIS) program.1 We are pleased
that the Committee is reviewing the progress of the IRIS program and believe this is an
important opportunity to discuss recent changes implemented by the Program, for the NAS to
hear from stakeholders, and to provide beneficial feedback to IRIS.
We are a group of scientists at the University of California, San Francisco in the Program on
Reproductive Health and the Environment. Our program’s mission is to protect public health by
creating a healthier environment for human reproduction and development. We work towards
this mission by advancing scientific inquiry, clinical care, and health policies that prevent
exposures to harmful chemicals in our environment-- particularly during critical time periods of
life stages, such as pregnancy and child development, that can have acute and long-term adverse
impacts on health. In particular, we have developed and disseminated the Navigation Guide
systematic review methodology, a novel method for systematically and transparently establishing
the strength of evidence of the toxicity of environmental chemicals. We have conducted
substantive research and outreach about the methodology, including over 18 publications. The
Navigation Guide informed the development of the method now used by the National
Toxicology Program (NTP) for its decision-making about reproductive and developmental health
hazards of environmental chemicals2 and it has been cited by the NAS3,4 as exemplary of the
type of methodology EPA should use in its chemicals assessments. We declare collectively that
we have no direct or indirect financial or fiduciary interest in the topics of discussion relevant to
this report.
IRIS is a non-regulatory program created in 1985 to foster consistency in the evaluation of
chemical toxicity across the Agency; it provides critical information and scientific expertise to
identify, assess, and characterize potential health hazards of chemicals found in the
environment.5 IRIS chemical assessments support decision-making across the Agency’s
programs and regional offices, as well as in other federal agencies, states, localities, tribes, and
international agencies. The IRIS program is considered the “gold standard” of hazard and doseresponse assessment and is a vital resource to decision-makers. These independent chemical
assessments have no direct regulatory impact until they are later integrated with exposure, risk
characterization, or risk management (such as economic, social, legal, and technological factors)
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considerations to inform policy- and decision-making on hazardous chemicals, including the
development of regulations and clean-up standards.
The IRIS program plays an important role in supporting EPA’s mission of protecting public
health. Critical to this mission is EPA’s scientific independence, integrity and the continued
support and success of the IRIS program in its current placement within the Agency.
There are several particularly noteworthy recent changes and achievements of IRIS that
demonstrate the positive direction of the Program. We highlight these briefly here, and expand
on these in detail further below.
1) Current IRIS and NCEA leadership is well-positioned to ensure the success of the
Program;
2) IRIS is seeking to utilizing collaborative approaches in adapting methodologies for
use in chemical assessments;
3) IRIS is actively integrating transparent, objective, and state-of-the-art systematic
review methods to summarize existing data on chemical toxicity from diverse
evidence streams;
4) IRIS actively contributes to and supports specialized software programs at the
forefront of leading machine learning approaches to increase the efficiency of
systematic review processes that will be widely beneficial to the environmental
health and systematic review community; and
5) IRIS is committed to including a broad set of potentially affected stakeholders.
We strongly support the progress of the IRIS program to date and are optimistic that these
advances will continue into the future, propelling the evolution of this Program to ensure the
protection of human health. In support of this, we highlight several recommendations that we
believe are critical to the Program’s success briefly here, and expand on these in detail below.
We recommend:
1) Fully funding the IRIS program and maintaining its current independent location
within the Office of Research and Development (ORD);
2) IRIS’ continued incorporation of scientific best practices in its process for chemical
assessment, including but not limited to: the use of systematic review methodology,
appropriate evaluation of study risk of bias (not numerical scoring of reporting
quality), integrating primary toxicity information and health effects from animal
and human studies, supported by mechanistic or other types of data, integrating
recommendations to improve risk assessment, and using free and open source
collaborative software to facilitate cross-Agency collaborations, communication, and
public transparency;
3) Continued efforts to actively include a broad set of stakeholders that can inform
assessments or are potentially affected by the chemicals that are being assessed,
including but not limited to non-government organizations (NGOs), academics,
members of the general public, tribal communities, and representatives from
environmental justice communities. Stakeholders should be required to disclose
financial conflicts of interest; and
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4) EPA’s selection of scientific advisors who represent support for the protection of
human health and the environment, consistent with the mission of the Agency. This
includes ensuring a transparent vetting process to identify financial conflicts of
interest that could bias towards undervaluing the scientific evidence on health
hazards of chemicals and the elimination of the directive barring experts currently
receiving EPA grants from serving on EPA advisory committees.
Furthermore, we would like to note that although we are generally supportive of opportunities
for public comment and input, we also acknowledge that a more involved process with greater
opportunity for review and comment is a major contributor to delays in finalizing and releasing
assessments. We have seen many examples of past assessments where increased opportunity for
input not only required more time, but resulted in a process that skews input received by EPA
towards the regulated community, such as industry. This is a commonly-utilized delay tactic by
industry and the regulated community.6 In the interest of ensuring the timely completion of IRIS
assessments, we strongly encourage the Committee to consider a recommendation of balanced
public participation and input into the IRIS process that does not hinder the timeline for
completing assessments.
In conclusion, we appreciate the NAS committee efforts to review the recent advances of IRIS
and we are optimistic that its final report will lend support to the continuation of an independent
chemical assessment program committed to incorporating best scientific practices in the
evaluation of data to support chemical risk evaluations.
We appreciate the Committee’s consideration of our comments, and welcome follow-up
questions or comments.
Sincerely,
Juleen Lam, PhD
Associate Research Scientist, Program on Reproductive Health and the Environment
University of California, San Francisco
Veena Singla, PhD
Associate Director, Science & Policy, Program on Reproductive Health and the Environment
University of California, San Francisco
Tracey Woodruff, PhD
Director, Program on Reproductive Health and the Environment
Professor, Department of Obstetrics, Gynecology and Reproductive Sciences and Philip R Lee
Institute for Health Policy Studies
University of California, San Francisco
Patricia D. Koman, MPP, PhD
Scientific Consultant to University of California, San Francisco
Green Barn Research
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Detailed Comments
NOTEWORTHY CHANGES AND ACHIEVEMENTS
There are several particularly noteworthy changes and achievements that the IRIS program has
recently accomplished that demonstrate the positive direction of the Program:
1) Current IRIS and NCEA leadership is well-positioned to ensure the success of the
Program.
The IRIS program is located within EPA’s National Center for Environmental Assessment
(NCEA) in the Office of Research and Development (ORD). The placement of IRIS in its nonregulatory research arm ORD is intentional, to create separation from the agency’s program
offices responsible for regulatory decisions so IRIS can develop impartial chemical toxicity
information independent of its ultimate use by EPA’s program and regional offices in risk
assessments, risk management decisions, and the development of national regulations and cleanup standards.7 This critical positioning enables NCEA’s experienced and multi-disciplinary
scientific teams to interact with both scientific exerts (inside and outside the Agency) at the
forefront of their fields ensuring the highest level of scientific expertise as well as EPA program
and regional offices that make regulatory, enforcement, and remedial actions and decisions, all
while maintaining its independence.
Dr. Kristina Thayer was appointed to lead the IRIS program in January 2017. Previously, Dr.
Thayer served as the director of the National Toxicology Program (NTP) Office of Health
Assessment and Translation (OHAT). At OHAT, Dr. Thayer spearheaded efforts to adapt and
integrate state-of-the-art systematic review methodology for use in technical assessments of the
potential for adverse effects on human health by chemical agents, substances, mixtures, or
exposure circumstances. Similar to IRIS, OHAT assessments are typically later combined with
additional information, such as current human exposure levels, to inform NTP-issued opinions
on whether these substances may be of concern.8 NTP OHAT was one of the earliest adopters of
systematic review and in 2015 under Dr. Thayer’s direction it completed the development of an
OHAT approach to systematic review,9,10,11 publishing a Handbook outlining its methodology12
and protocols for several ongoing case studies implementing systematic review and systematic
scoping approaches.13
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Dr. Thayer has substantial expertise in systematic review, machine learning and automation, and
chemical evaluations. In her short time at EPA, Dr. Thayer has focused on early partner and
stakeholder engagement and input and implemented approaches to foster consistency across the
IRIS program, increasing transparency of the IRIS review process, integrating systematic review
in IRIS assessments, and modernizing the IRIS program through the utilization and supporting
development of automated and machine learning software programs to expedite systematic
review and incorporation of emerging data types. With time, we anticipate that Dr. Thayer will
continue to propel the Program forward with the adaptation of methodological approaches
previously recommended by the NAS and novel software that will ensure the scientific rigor as
well as efficiency and timeliness for completion of IRIS assessments.
Dr. Tina Bahadori was appointed to lead NCEA in January of 2017. Previously, Dr. Bahadori
was the director of ORD’s Chemical Safety for Sustainability National Research Program. Dr.
Bahadori has extensive knowledge of computational toxicology and exposure science, and has
been a strong supporter of systematic review methodology and its use in the IRIS assessment
process.
Collectively, Drs. Thayer and Bahadori are poised with vision and leadership that will serve the
IRIS program well, in particular with their dedication to systematic review and incorporation of
empirically demonstrated scientific approaches to the IRIS process of assessing chemical
hazards. We strongly support their continued roles in the Agency and believe that success of the
IRIS program is very promising under their leadership.

2) IRIS is seeking to utilizing collaborative approaches in adapting methodologies for
use in chemical assessments.
IRIS’ development and integration of systematic review methodology in its chemical
assessments involves a network of leading expert collaborators from academia, clinical sciences,
environmental health, domestic and international public health agencies. A few examples of
these collaborators include:
•
•
•
•
•

National Toxicology Program (NTP), National Institute of Environmental Health
Sciences (NIEHS), National Institutes of Health (NIH)
Agency for Toxic Substances and Disease Registry (ATSDR), U.S. Department of Health
and Human Services (DHHS)
University of California, San Francisco (UCSF) Program on Reproductive Health and the
Environment (PRHE)
Collaborative Approach to Meta-Analysis and Review of Animal Data from
Experimental Studies (CAMARADES)14
Systematic Review Centre for Laboratory Animal Experimentation (SYRCLE)15
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•
•
•
•
•
•

Science in Risk Assessment and Policy (SciRAP)16
The Cochrane Collaboration17
Grading of Recommendations Assessment, Development and Evaluation (GRADE)18
World Health Organization (WHO)/International Agency for Research on Cancer (IARC)
Health Canada
European Food and Safety Administration (EFSA)

These collaborations involve the sharing of health assessment or systematic review outputs,
supporting the development or utilization of tools and software, evaluation and analysis of
epidemiological, toxicological and mechanistic data, evidence integration, quantitative
approaches, or providing/soliciting review and feedback.
Another example of IRIS’ commitment to collaborative approaches to methods development for
chemical assessments is a recent meeting December 16-17, 2015 on “Advancing Systematic
Review for Chemical Assessment” held in Arlington, VA.19 At this meeting, EPA IRIS solicited
expertise from a wide range of sectors, including academia, government, and others to examine
recent developments and applications of methods for identification, evaluation, and integration
of different types of evidence (epidemiology, toxicology, and mechanistic) for use in chemical
assessments (see Appendix 1: Agenda for EPA Advancing Systematic Review for Chemical Risk
Assessment Meeting, December 16-17, 2015).
These collaborative approaches and interactions with external scientific experts will continue to
benefit the Program as they integrate novel scientific methods into their chemical assessment
processes, advance framework approaches and guidance documents outlining approaches to
chemical assessment, and solicit feedback on their draft chemical assessments.

3) IRIS is actively integrating transparent, objective, and state-of-the-art systematic
review methods to summarize existing data on chemical toxicity from diverse
evidence streams.
The NAS has reviewed the IRIS program and its assessments several times. A 2011 NAS report
reviewing the draft IRIS assessment of formaldehyde offered a number of recommendations to
improve the IRIS process generally in approach, scientific methods, and presentation of
information, but did not explicitly disagree with the scientific conclusion of the formaldehyde
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assessment.20 Following the release of this report, IRIS undertook several active steps in
response to the NAS recommendations to modify its scientific, technical, and general process, in
particular through increasing transparency and implementing systematic review methodology. As
a result, a 2014 NAS report reviewing the IRIS process reflected support to these changes, noting
that substantial progress had been made in a short period of time, and that continuation of
implementing the future planned changes, when completed, would result in a beneficial
transformation of the IRIS program:
Overall, the changes that EPA has proposed and implemented to various
degrees constitute substantial improvements in the IRIS process. If current
trajectories are maintained, inconsistencies identified in the present report
are addressed, and objectives still to be implemented are successfully
completed, the IRIS process will become much more effective and efficient
in achieving the program’s basic goal of developing assessments that
provide an evidence-based foundation for ensuring that chemical hazards
are assessed and managed optimally.21

Much of the Program’s focus has been on integrating transparent, objective and state-of-the-art
systematic review methods in its chemical assessment process. In particular, IRIS has focused on
developing an approach that integrates systematic review methods in a pragmatic and feasible
way. In this regard, IRIS has developed systematic review protocols outlining its plans for
conducting assessments and specific procedures and approaches for each assessment component,
designed to accommodate and integrate different evidence streams.22,23 Further, as IRIS invests
in resources and training, it will gain efficiencies in the systematic review process. We are
confident that the program will continue to innovate, particularly as their location within the
research arm of a government agency will ideally ensure sustainability, which is critical for
maximizing efficiency. Although previous IRIS assessments have been critiqued for limitations
in the assessment approach,20 systematic review approaches and corresponding software
programs hold great promise for increased efficiencies and greater consistency and transparency.
The NAS also recognized that “…it might be advantageous for EPA to build on systematic
reviews that are published in the peer-reviewed literature”24 and that “…the methods and role of
systematic review and meta-analysis in toxicology are evolving rapidly and EPA will need to
stay abreast of these developments, strive for transparency, and use appropriate methods to
address its questions.”24 These recommendations point to the path forward for IRIS, where
strategic incorporation of existing systematic reviews, particularly as they gain more recognition
(and, subsequently, publications), in the environmental health field can greatly help reduce the
time requirements to completing a systematic review. Furthermore, as discussed below in Point
#4, IRIS is already actively seeking opportunities to utilize specialized tools and software
20
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programs that can greatly reduce the time and resources required to completing a systematic
review. This will prove to be a critical aspect to ensure the feasibility of completing chemicals
assessments in a timely manner, and also offers hope for opportunities to quickly update existing
chemical assessments with the incorporation of updated scientific information as it is made
available.

4) IRIS actively contributes to and supports specialized software programs at the
forefront of leading machine learning approaches to increase the efficiency of
systematic review processes that will be widely beneficial to the environmental
health and systematic review community.
IRIS is committed to applying systematic review methodology approaches to chemical
assessments because, among other reasons, they provide objectivity and transparency to the
process of collecting, evaluating, and synthesizing scientific evidence to reach conclusions
regarding the strength of the scientific evidence in support of environmental health questions.25
Several software programs have been developed to assist with the preparation, implementation,
and maintenance of systematic reviews, such as Covidence,26 Distiller,27 EPPI-Reviewer,28
RevMan,29 and SRDR.30 However, all of these software programs have been developed and/or
utilized in fields other than environmental health—clinical sciences, healthcare research, preclinical animal toxicology, etc. As a result, challenges arise when utilizing such tools to a
systematic review addressing questions of environmental health interest.
IRIS, predominantly as a result of the efforts of Dr. Kris Thayer, has been actively contributing
to the support of more specialized software programs specifically developed for and targeting
applications to systematic reviews in the environmental health fields. These include freely
available and open-source software programs such as Sciome Workbench for Interactive
computer-Facilitated Text-mining (SWIFT) Review31,32 and the Health Assessment Workspace
Collaborative (HAWC)33. These programs offer many advantages, aside from an approach
tailored for environmental health assessments, including structured data extraction to promote
consistency and completeness, integration with automated data-extraction tools and machinelearning capabilities to prioritize screening, web-based formats to promote and simplify team
collaborations, and ability to export data files for independent analysis of findings or making
data publicly available.
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Not only will the use and further advancement of these tools benefit the IRIS program, but they
carry benefits to the greater environmental health and systematic review community. The rapid
development of these tools over the past several years has already enabled scientists from nongovernment organizations (NGOs), academia, and other sectors to carry out the steps of
systematic review in a transparent, reproducible manner that reduces biases in a way that
maximizes efficiency in conducting and managing the review. These benefits will also feed back
to IRIS, with the availability of a greater number of systematic reviews being published and
available for IRIS to adapt in its own assessments. These software tools overall greatly help to
ensure transparency, helping to bridge communication between IRIS and stakeholders and
increase clarity regarding the methods and criteria for selecting, evaluating, and integrating the
scientific evidence in the chemical assessment.

5) IRIS is committed to including a broad set of potentially affected stakeholders.
In the NAS 2014 report, the committee praised EPA initiatives to involve stakeholders in the
IRIS process earlier and more fully.21 A recent review of the IRIS program from EPA’s Science
Advisory Board (SAB) noted that “...it is now standard practice for the [IRIS] program to engage
stakeholders in an early scoping and problem formulation phase, thereby allowing stakeholders
to provide important input at the very beginning of the process.”34
Recent IRIS activities illustrate the dedication to encouraging the participation of diverse sets of
stakeholders. An open call for stakeholder involvement35 was one of several enhancements to
help improve quality of IRIS assessments, while also helping to ensure that its assessments were
resulting in products that addressed concerns of all affected stakeholders, such as workers and
fence-line communities. In addition to public sessions (virtually all of which are streamed online)
and oral (which are available for remote participants during public meetings) and written public
comment periods, IRIS also arranged with the NAS to have independent experts attend the IRIS
bimonthly public meetings to provide input on the science underlying the assessment. These
public experts, speaking on their own behalf, attended the IRIS meetings to contribute to the
scientific discussion amongst EPA scientists, stakeholders, and the public.36
We strongly support these continued efforts to actively seek and engage participation from
various affected stakeholders and incorporate their concerns in IRIS assessments, as many of
these stakeholders and members of the public will be the ones handling or using these chemicals
and likely most impacted by their adverse health impacts. Further, the contribution of academic
experts will benefit the development of IRIS’ methodology as applied to these assessments, and
ideally also inform the expert’s own research. The balance to industry participation is also a
necessity to ensure that these assessments serve the general and the most vulnerable populations
which the EPA is dedicated to protecting.
34
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RECOMMENDATIONS
We would like to further take this opportunity to offer several recommendations that we believe
are critical to the Program’s success:
1) Fully funding the IRIS program and maintaining its current independent location
within the Office of Research and Development (ORD).
We recommend IRIS remain as a program in ORD. In a recent version of the Senate FY2018
Appropriations Bill posted online by the Committee on Appropriations majority,37 funding for
IRIS is eliminated and a small fraction of its responsibilities and funding was re-allocated to the
Office of Chemical Safety and Pollution Prevention (OCSPP). We are strongly opposed to this
proposal.
As discussed earlier, the placement of IRIS in its non-regulatory research arm ORD is
intentional. This creates separation from Agency regulatory decisions to allow IRIS to
independently develop impartial chemical toxicity information removed from its ultimate use by
EPA’s program and regional offices in risk assessments, risk management decisions, and the
development of national regulations and clean-up standards. This is a critical aspect of
maintaining IRIS’ independence and scientific integrity. A shift to OCSPP would disrupt that
impartial independence, instead placing the Program within a regulatory policy office that could
bias the scientific assessments.
Furthermore, we have concerns that assimilation of IRIS within OCSPP will adversely affect the
IRIS program and its chemical assessments. OCSPP implements a select number of statutes,
including the Toxic Substances Control Act (TSCA), and its activities over the near terms will be
heavily focused on implementing TSCA, as recently amended by the Frank R. Lautenberg
Chemical Safety for the 21st Century Act.38 These activities focus on developing full risk
assessments of industrial chemicals that fall under the jurisdiction of TSCA and are beholden to
the statutory mandates as outlined in TSCA and the Lautenberg Amendments. In contract, IRIS
only conducts the hazard identification and dose-response assessment steps of risk assessment
for a broader set of chemicals used for a variety of purposes that are not covered by the particular
statutes regulated within OCSPP, such as air or water pollutants. IRIS chemical assessments feed
into a variety of different regulatory frameworks and contexts, and therefore it is critical that
these assessments are completed in a way that support incorporation of these results into a
broader context for policy and regulatory use.
Integrating IRIS into OCSPP within the offices responsible for implementing TSCA-related
activities would therefore adversely affect the scope and mission of the Program, and will limit
the utility of IRIS assessments. Furthermore, over the past year OCSPP has been developing
TSCA chemical review procedures that contradict best practices and violate the letter and intent
of the Lautenberg Amendments that have garnered sharp criticism from scientists and NGOs.
Several lawsuits have been recently filed challenging OCSPP’s prioritization framework rule,
37
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risk evaluation framework rule, inventory notification rule, and the new chemicals program
framework.39,40,41,42,43
In light of this, we strongly recommend ensuring the continued, full funding of the IRIS
program, maintaining its current location within ORD. Furthermore, given the critical concerns
surrounding the frameworks and methodological approaches proposed by the TSCA program in
contrast to the recent positive trajectory of IRIS for its chemical assessment process, we also
recommend that other Offices within the Agency, such as OCSPP, actively seek collaborative
opportunities with the IRIS program and view the IRIS’ framework for systematic review and
chemical assessment as a model for the Agency for other Offices and Programs to adopt.
2) IRIS’ continued incorporation of scientific best practices in its process for chemical
assessment, including but not limited to: the use of systematic review methodology,
appropriate evaluation of study risk of bias (not numerical scoring of reporting
quality), integrating primary toxicity information and health effects from animal
and human studies, supported by mechanistic or other types of data, integrating
recommendations to improve risk assessment, and using free and open source
collaborative software to facilitate cross-Agency collaborations, communication, and
public transparency.
A recent review of the IRIS program by EPA’s Scientific Advisory Board (September 2017)
reported favorably, noting that the IRIS program incorporates a number of scientific best
practices in their assessment process, including appropriate evaluation of study risk of bias (not
numerical scoring of reporting quality); integrating primary toxicity information and health
effects from animal and human studies, supported by mechanistic or other types of data; and
using free and open source collaborative software to facilitate cross-Agency collaborations,
communication, and transparency.44
We strongly encourage IRIS to continue incorporating such scientific best practices. Of
particular note is the emphasis that tools to evaluate study risk of bias (i.e., internal study
validity) should not be used to generate a composite numerical quality score, as it has been welldocumented that scoring can lead to bias in the evaluation of the studies.45 There are several risk
39
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of bias tools that have been developed specifically for the streams of evidence anticipated to
answer environmental health questions12,46,47 (i.e., human epidemiology and animal toxicology
studies) that draw from tools that had already been developed and empirically demonstrated for
decades in the clinical sciences.48 Proof of concept case studies applying these tools to
environmental health questions have repeatedly demonstrated the utility of high-quality human
epidemiology studies in making determinations regarding chemical toxicity, and we encourage
IRIS to similarly utilize these risk of bias tools to identify high-quality human epidemiology
studies that reflect real-world exposure scenarios to assess potential resulting health
outcomes.46,47,49,50,51 Epidemiologic studies present a number of advantages in use for chemical
assessment, including: the exposure-response relationships are investigated in humans, the target
species, and can be studied in heterogeneous populations; they allow for the possibility to
explore interactions between chemical exposure and other factors, such as genetics and lifestyle;
they provide data on relevant exposure conditions and routes of exposures; and they allow for the
consideration of real-world cumulative exposures to both chemical and non-chemical stressors.56
IRIS has been incorporating aspects of the ROBINS-E tool (Risk Of Bias In Non-randomized
Studies of Exposures tool)52 in its Risk of Bias evaluation process. We think it is more
appropriate to use the risk of bias tools that have been developed and tested through the
Navigation Guide54 and NTP OHAT11, both of which were recently highlighted in a recent NAS
report demonstrating an application systematic review methods.24 We have some concerns with a
direct application of this tool for evaluating risk of bias of environmental health studies.53 We
know that IRIS has been looking at the ROBINS-E tool, and evaluating its appropriateness and it
appears to be keeping up with current science in this area and incorporating an approach to
evaluating epidemiological studies that appropriately acknowledges the range of quality and that
well-designed epidemiological studies can provide useful information to addressing study
questions. For instance, in rating risk of bias IRIS compares epidemiological studies to an “ideal”
epidemiological study, which is not centered around a structured comparison of the observational
studies being rated to the “ideal” randomized controlled trial (RCT). This latter approach would
be problematic because it assumed that RCTs are methodologically superior and does not take
into consideration which study design is best for the type of question being asked—for instance,
observational studies can be the best design for answering questions aimed at assessing harm
from real-world exposures that are often complex and never controlled fully by the investigator.
IRIS’ approach instead is a more appropriate application of the tool that aligns with other risk of
46
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bias tools.54 While these adjustments may make some difference to make the ROBINS-E tool
more amenable to observational studies, we still think the underlying approach is problematic
and recommend that IRIS should move forward with the OHAT or Navigation Guide approach.
We recommend that IRIS not require knowledge of the mechanism or mode-of-action by which a
chemical exerts its toxicity as criteria for determining toxicity. A chemical’s mechanism of
action or mode of action is not a requirement for science-based decision making. The benefits of
hand washing in surgical suites were well described before we understood the underlying
mechanism of germs. Similarly, we lack knowledge on the mechanism for the vast majority of
pharmaceutical drugs, but this is not a requirement for allowing their use by millions of people.21
The NAS agreed with this sentiment, stating that:
Organizing evidence around mechanism for chemicals on which only some human or
animal data are available, however, seems inappropriate…Randomized clinical trials are
so successful partly because they bypass the need for mechanistic information and
provide an indication of efficacy. Similarly, epidemiologic studies that identify
unintended effects are often credible because explanations of an observed association
other than a causal effect are implausible. For example, the associations between statins
and muscle damage and between thalidomide and birth defects are widely accepted as
causal; mechanistic information played a minor role in the determination, if any. The
history of science is replete with solid causal conclusions in advance of solid mechanistic
understanding.21 (page 90)
We therefore instead recommend EPA consistently utilize mechanistic knowledge, when
available, as a separate stream of evidence to supplement the human and animal evidence
streams but only to upgrade and support evidence of toxicity, similar to how NTP OHAT
incorporates mechanistic evidence in their evidence integration.12
We recognize that to date there is no existing standard method for assessing risk of bias for
mechanistic data. NAS also recognized this in its report and encouraged EPA to advance
methods in this nascent field, stating: “Although additional methodologic work might be needed
to establish empirically supported criteria for animal or mechanistic studies, an IRIS assessment
needs to include a transparent evaluation of the risk of bias of studies used by USEPA as a
primary source of data for the hazard assessment. EPA should specify the empirically based
criteria it will use to assess risk of bias for each type of study design in each type of data
stream.”55 Given the import of mechanistic studies in the evidence integration phase, we strongly
recommend that the criteria that EPA will use to judge the quality of mechanistic studies be
explicitly stated beforehand in the form of a risk of bias assessment for this evidence stream.
Prior NAS publications have given detailed recommendations for EPA to adopt modern
scientific methods and approaches, such as in Science and Decisions,56 Phthalates and
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Cumulative Risk,57 and Review of EPA’s Integrated Risk Information System (IRIS) Process.21
These approaches have been developed and promoted by leading clinical and scientific
communities, including doctors and academics in the U.S. and around the world. These
publications compile a wealth of expertise and the most current state of the science that can be
specifically and efficiently integrated into EPA’s chemical assessments. EPA should utilize this
existing knowledge and practice and not have to reinvent the wheel, but instead immediately
begin incorporating these best practices and lessons learned from other government bodies. This
will maximize efficiency and expedite the implementation process, allowing EPA to focus on
other aspects of chemical assessment that warrant further attention. In particular, we strongly
recommend IRIS incorporate the following specific scientific principles:
1. Treat cancer and non-cancer health endpoints in a scientifically equivalent manner.
Do not assume a ‘threshold’ response exists for non-cancer outcomes unless there is
strong scientific evidence to demonstrate a threshold. The NAS recommended a
unified approach to cancer and non-cancer health assessment, based on understanding of
the underlying biology and the lack of a scientific reason supporting the approach to
handle the evaluation of these health endpoints differently.56 For example, under a unified
approach IRIS would develop risk estimates for non-cancer health outcomes across the
spectrum of potential exposures as it does for carcinogens and not assume that a threshold
exists for a chemical unless there is strong evidence documenting that one does.
Currently, IRIS does not consistently develop risk estimates for non-cancer health effects.
The NAS has identified this weakness, noting “… current RfD-based risk
characterizations do not provide information on the fraction of the population adversely
affected by a given dose or on any other direct measure or risk.” This is problematic
because these qualitative results “…are inadequate for benefit-cost analyses or for
comparative risk analyses. MOEs and RfDs as currently defined do not provide a basis
for formally quantifying the magnitude of harm at various exposure levels… A
probabilistic approach to non-cancer assessment, similar to how cancer risks are
expressed, would be much more useful in risk-benefit analysis and decision-making.”56
EPA should provide quantitative estimates of the potential risks posed across the range of
exposure scenarios, for both cancer and non-cancer outcomes, in order to accurately
capture the true value of preventing or reducing health risks. The feasibility of calculating
non-cancer risk estimates has been demonstrated.56,58,59,60
The NAS has also recommended use of a continuous dose-response approach that can
default to a linear model, specifically recommending “linear conceptual models unless
data are sufficient to reject low-dose linearity; and nonlinear conceptual models
otherwise”56 that do not assume a threshold for real world exposure levels and below.
With this approach, the default is to assume that no “threshold” or “safe” level of
exposure exists below which there is no harm unless strong scientific evidence exists to
demonstrate otherwise. Data show that chemicals can increase the risk of many non57
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cancer health effects (such as reproductive harm and neurological effects) even at very
low doses. Further, people are exposed to multiple chemicals simultaneously, many of
which can increase the risk of similar adverse health outcomes. Additionally,
vulnerabilities in the population may occur due to life stage, genetics, disease status, or
other exogenous factors (e.g. poverty), and these vulnerabilities can contribute to adverse
health outcomes. Together, these factors have the effect of lowering any potential
threshold in the population that may have theoretically existed in a one-chemical-at-atime exposure model among healthy individuals to levels of exposure that are trivial or
insignificant, thereby essentially negating the existence of a “safe” threshold. In general,
current science shows that the real-world scenario of simultaneous exposures to multiple
chemicals at current environmental levels and even at several orders of magnitude below
are unlikely to reflect a “safe threshold.” IRIS’ experience with BMD modeling and
cancer dose-response can guide an application of these approaches to noncancer effects.
Additionally, IRIS should not use Margin of Exposure (MOE) approaches, as these are
simply the point of departure (e.g., LOAELs, NOAELs or BMDLs) divided by exposure
values and compared to a combination of the uncertainty factors. The MOE is not an
actual estimate of risk, as it does not provide any information about the potential risk at
various exposure estimates. Rather, it is another version of the “bright line” approach
similar to the RfD, which the NAS recommended moving away from.56 Furthermore, the
EPA cannot conduct a benefits analysis using solely the MOE because there is no
accompanying dose-response information. We strongly advise against representing the
MOE as an estimate of risk and encourage EPA to utilize available analytical methods to
develop quantified estimates of risk that can be more informative and useful to both risk
managers and decision-makers.
2. Assess aggregate risk and cumulative risks to ensure hazard and risk assessment
reflect the reality of people’s exposures. People are simultaneously exposed to a
multitude of chemicals in the real world, many of which contribute to similar adverse
health effects, and they can be exposed to the same chemical through multiple exposure
pathways. Not accounting for these well-documented scientific facts inherently biases
EPA’s assessment, in the direction of systematic underestimation of individual and
population risk, which in turn undermines science-based decisions. The federal pesticide
law passed in 1996 and the European framework for chemical management (REACH)
require aggregate risk assessments.61,62 Under these laws, regulators must consider all
sources of possible exposure to a chemical even when only considering the risk from any
one source of that chemical. Assessing “cumulative exposures,” i.e., accounting for the
fact that people are exposed to a multitude of chemicals simultaneously, because these
exposures can have additive effects on increasing the risk of an adverse health effect, was
codified in Food Quality Protection Act (FQPA) and recommended by the NAS in
2008.61,57 This concept was expanded on in Phthalates and Cumulative Risk in which
NAS recommended that chemicals that contribute to the same common adverse health
outcome should be considered as additive to the risk.57 While Phthalates and Cumulative
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Risk focused on the need to do this for phthalates, the NAS did not limit its
recommendation to phthalates. For example, it pointed to the fact that lead and mercury
can have an additive effect collectively on brain development. Biomonitoring data clearly
support that people are exposed to a myriad of chemicals simultaneously—for instance
NHANES data has documented that virtually 100% of pregnant women in the U.S. are
simultaneously exposed to measurable levels of at least 43 different chemicals.63
However, current EPA practices fail to consistently aggregate cancer or non-cancer risks
over different exposure pathways (inhalation, ingestion, etc.). EPA should incorporate
practices to consider aggregate exposures from all relevant pathways to develop risk
metrics that are adequately representative of the true risks faced by the population. When
data are lacking, EPA should rely on a default approach to account for all chemicals that
contribute to the same common adverse health outcome considered as additive to the risk.
The EPA has broached this issue in the past in their draft dioxin risk assessment, which
considered the impact of background and cumulative exposure to dioxin-like compounds
and the potential impact on low-dose response.64 We recommend that EPA begin
routinely incorporating these considerations in all their chemical assessments.
3. Use science-based defaults and incorporate factors that reflect the range of
variability and susceptibility in the population to ensure that risks are not
underestimated. The use of defaults is a typical component of risk assessment to handle
the common issue of missing data. Historically, IRIS has relied on standard default
values (“uncertainty” or “safety” factors) that have been applied across the board to
various chemicals and health outcomes. However, science has since evolved and there are
now more scientifically-based values that can be used when specific information is
missing. For example, science has shown that developmental life stages, including the
fetus, infancy, and childhood, are more vulnerable periods of exposure to chemicals.
However, typical IRIS age-dependent adjustment factors account for other life stages but
NOT fetal exposures. This is a critical point to address, as fetal development is the most
sensitive time period of one’s life and has implications for healthy development and
outcomes that can persist into adulthood. IRIS should evaluate this rich body of literature
to identify the most up-to-date scientific knowledge regarding human variability and
susceptibility and incorporate these scientifically-based default values in their
assessments when specific data are lacking. For example, the California EPA has
developed child-specific risk values for chemicals (i.e., atrazine, chlorpyrifos, lead,
nickel, manganese, heptachlor, etc.) that specifically address child-specific routes of
exposure and differences in children’s susceptibility compared to adults. IRIS should
review this body of evidence and incorporate these values as appropriate.65 Furthermore,
a default guidance principle should be that animal findings are relevant to humans unless
there is sufficient and compelling information to support otherwise.
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IRIS should also incorporate the real-world experience and perspective of communities
who are overburdened by pollution, environmental hazards, and social and economic
stressors. These communities are exposed to a disproportionate share of pollution and
subsequent adverse health impacts. These communities are often made up of people of
color and lower income who are exposed to a multitude of pollution exposures that
collectively increase the risk of harm, combined with synergistic effects with other health
stressors in their daily lives such as limited access to quality health care.66,67,68,69 IRIS
should incorporate guidance for their risk assessments that advance environmental justice
and truly protect the whole of public health by reducing environmental exposures and
resulting health impacts in these overburdened communities. At a minimum, this includes
updating risk assessment guidelines to account for cumulative impacts of multiple
exposures and underlying vulnerabilities, in particular by incorporating alternate methods
to assess risk that better capture and represent those faced by overburdened and
underserved communities.

Lastly, as discussed above the utilization of open source software programs for the
implementation of systematic review offers many advantages, including increased transparency
for chemical assessments and the ability to export data files for independent analysis of findings
or making data publically available. We strongly encourage IRIS to continue pursuing avenues to
ensure transparency and active communication with the public and other stakeholders for each of
its chemical assessments.
3) Continued efforts to actively include a broad set of stakeholders that can inform
assessments or are potentially affected by the chemicals that are being assessed,
including but not limited to non-government organizations (NGOs), academics,
members of the general public, tribal communities, and representatives from
environmental justice communities. Stakeholders should be required to disclose
financial conflicts of interest.
As highlighted above, IRIS has undertaken an active role in seeking participation from various
stakeholders, such as environmental groups, public health groups, other federal agencies, states,
trade associations, union representatives, and academics. However, often missing from the list of
participants are members of the public such as fence-line communities living near industries,
processing plants, recycling facilities, or Superfund sites; other concerned members of the
public, such as susceptible and vulnerable populations; occupational workers; or tribal
communities. We strongly encourage IRIS to actively seek the participation and input of these
groups and incorporate their concerns in their chemical assessments. These particular members
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of the population are those who will be handling, using and/or the most highly exposed to these
chemicals and likely the most burdened and impacted by their adverse health impacts.
As noted by the NAS, “not all stakeholders who have an interest in the IRIS process have the
same scientific or financial resources to provide timely comments, and expanded opportunities
for stakeholder involvement might lead to a further imbalance of public input.”70 IRIS’ efforts to
increase opportunities through stakeholder involvement included, among other things, the
addition of bimonthly meetings with open registration and option for remote participation. As the
NAS report predicted, these meetings are now overwhelmingly dominated by industry speakers
with vested financial interests in the chemicals under assessment (as an example, see Appendix
2: Agenda for IRIS bimonthly public meeting, October 29-30, 2014). IRIS’ approach to contract
with the NAS to increase participation by independent scientific experts was in part an attempt to
offset this imbalanced participation, a laudable approach which we fully support. However, this
approach remains inadequate to address the issue of balanced participation—one significant
reason being that many individuals providing comments to IRIS fail to disclose their financial
ties to industry or trade associations that have clear financial and other vested interests in the
topics that they are addressing in their comments. Dr. Richard Denison from the Environmental
Defense Fund outlined several examples of egregious undisclosed conflicts of interest, using an
example of IRIS’ June 2014 bimonthly meeting.71
We strongly recommend that IRIS require all registrants for its meetings and submitters of
comments (either oral or written) to disclose critical information regarding potential or actual
conflicts of interest, including but not limited to the organization they are presenting or
submitting on behalf of and any funding they have received from an organization with financial
conflicts of interest for the chemical or scientific issue under discussion. As outlined by Dr.
Denison,71 there is strong support and precedent already set forth by various federal agencies72,73
and scientific journals74,75,76,77 that demonstrate the importance of disclosure of conflicts of
interest. Disclosure of financial conflicts of interest are also routinely done in the medical
education, research, and clinical practice.78,79,80 These illustrate examples that could be adapted
by IRIS to ensure the reduction of bias towards the perspective of regulated industries that have a
vested interest in minimizing EPA’s regulation of hazardous materials and products.
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4) EPA’s selection of scientific advisors who represent support for the protection of
human health and the environment, consistent with the mission of the Agency. This
includes ensuring a transparent vetting process to identify financial conflicts of
interest that could bias towards undervaluing the scientific evidence on health
hazards of chemicals and the elimination of the directive barring experts currently
receiving EPA grants from serving on EPA advisory committees.
In general, we strongly recommend that EPA select scientific advisors who represent support for
the protection of human health and the environment, consistent with the mission of the Agency,
to serve on its 22 advisory committees to advise various aspects of Agency research and
activities (such as the Board of Scientific Counselors (BOSC), that provide scientific advice and
recommendations to ORD research programs). As such, each selected member must be
transparently vetted for any financial conflicts of interest that could bias them towards
undervaluing the scientific evidence on health effects from exposure to hazardous chemicals,
such as those working for or financially supported by industry.
By law, EPA committees must be composed to ensure that industry bias is publicly disclosed,
minimized, and eliminated if possible. The Federal Advisory Committee Act (FACA)81 requires
federal agencies to ensure the advisory committee is "in the public interest" and is "fairly
balanced in terms of points of view represented and the function to be performed," and does not
contain members with inappropriate special interests. We strongly encourage EPA to exclude
financially conflicted members, so that committees are composed of individuals who are not
beholden to the industry that funds them, and are able to provide a fair and complete review of
all relevant data or issues.
We recognize, however, that there may be situations when a member of industry with financial
conflicts of interest would be invited to be an EPA scientific advisor. In this event, we strongly
recommend EPA strictly enforce its own disclosure and conflict policies. Effective disclosure
policies play an essential role in protecting EPA and committee work products. If such interests
are discovered later, it may seem that either the EPA or the individual was intentionally hiding
this information from the public, thereby casting doubt on the work products, and on EPA’s
ability to identify conflicts and enforce its own policies. Every scientific advisor should be
screened up front for potential financial COI and these should be explicitly and publicly
identified to increase transparency. Declarations of financial conflicts of interest are a routine
part of many scientific proceedings and conferences because of the importance of transparency.
Other scientific committees (e.g., the National Academy of Sciences and Institute of Medicine)
all require complete transparency of financial conflicts of interest and similar guidelines should
be adopted and consistently applied by EPA.
Furthermore, a recent directive issued by EPA Administrator Scott Pruitt announced a decision
to bar scientific experts currently receiving EPA grants from serving on any EPA advisory
committee.82 We are deeply troubled and concerned about the implementation83 of this directive.
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This directive undermines all EPA advisory panels by effectively purging independent academic
scientists from serving on advisory boards, simply because they currently receive EPA grants.
This also is a false premise, as EPA intentionally issues its grants through its extramural research
program which is placed in its non-regulatory arm, ORD (similar to the placement of the IRIS
program), thereby creating separation from those at EPA tasked with making funding decisions
from those making regulatory decisions. Meanwhile, those employed by or receiving funding
from private industry or trade associations that stand to financially gain from EPA actions are not
precluded from serving on advisory committees, in spite of their apparent biases and conflicts of
interest. In response, groups of scientists have filed suit against EPA challenging the
directive.84,85
These advisory committees are critically important to ensuring the scientific integrity and focus
areas of EPA. We strongly encourage the Agency to appropriately address and transparently
document potential conflict of interest of advisory committee members, and to rescind its policy
of barring EPA grantees from serving on these committees.

84

Union of Concerned Scientists and Elizabeth Anne Sheppard v. Scott Pruitt. 2018. Civil Action No. 18-10129.
Physicians for Social Responsibility; National Hispanic Medical Association; International Society for Children’s Health and the Environment;
Jos Arvai; Robyn Wilson v. Scott Pruitt. 2017. Case: 1:17-cv-02742
85

20

