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Welcome and Logistics

• Keep your phone muted throughout the webinar. 

• To ask a question or provide a comment, use the “Q&A” pod of the Adobe 
Connect Webinar to inform the meeting host of your question. 

• To report technical difficulties or webinar issues to the meeting host, use 
the “chat” pod of the Adobe Connect Webinar. 
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• Created in 1985 to foster consistency in the evaluation of chemical toxicity 
across the Agency

• IRIS assessments contribute to decisions across EPA and other health agencies

• Toxicity values 
• Noncancer: Reference Doses (RfDs) and Reference Concentrations (RfCs)
• Cancer: Oral Slope Factors (OSFs) and Inhalation Unit Risks (IURs)

• IRIS assessments have no direct regulatory impact until they are combined with
• Extent of exposure to people, cost of cleanup, available technology, etc. 
• Regulatory options
• Both of these are the purview of EPA’s program offices



IRIS Provides Scientific Foundation for Agency 
Decision Making

IR
IS

 Clean Air Act (CAA)
 Safe Drinking Water Act (SDWA)
 Food Quality Protection Act (FQPA)
 Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA)
 Resource Conservation and Recovery Act 

(RCRA)
 Toxic Substances Control Act (TSCA)

Broad 
Input to 
Support

• Agency Strategic Goals
• Children’s Health
• Environmental Justice

5



Systematic Review
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A structured and documented process 
for transparent literature review

As defined by IOM [Institute of Medicine]1, systematic review 
“is a scientific investigation that focuses on a specific question 
and uses explicit, pre-specified scientific methods to identify, 
select, assess, and summarize the findings of similar but 
separate studies.”

1 Institute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews.
p.13-34. The National Academies Press. Washington, D.C. 2011



Systematic Review in IRIS Assessments

Systematic Review
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IRIS Systematic Review Documents

IRIS Handbook: Approaches and considerations for applying principles 
of systematic review to IRIS assessments, general frameworks, and 
examples.
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Assessment 
Plans: 
What the 
assessment 
will cover

Protocols: How the assessment will be conducted (specific 
procedures and approaches for each assessment component, with 
rationale where needed)

Assessment plans replace previous “Scoping 
and Problem Formulation” Documents What we are presenting today



IAPs Represent Continuous Refinement of Scoping and 
Problem Formulation Materials
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Scoping & Problem Formulation Document
(Released for Cr(VI) in Apr. and Oct. 2014) Assessment Plan Document use for new starts after 2017

Introduction and background Introduction and background

Production and use, human exposure pathways, 
environmental fate

Concise discussion to extent this information provides 
necessary context

Scoping (“Scope of the Assessment”) Scoping (“Scoping Summary”)

[Not explicitly discussed] Table of Agency Interest

Problem Formulation Problem Formulation

Preliminary Literature Survey (conducted by manual 
review of studies retrieved) 

Preliminary Literature Survey (conducted using various 
approaches, e.g. machine-learning, prior assessments)

Systematic Review Elements Systematic Review Elements

[Not explicitly discussed] Specific Aims

Hazard Questions for Systematic Review Draft Populations, Exposures, Comparators, Outcomes 
(PECO)

[Not explicitly discussed] Assessment Approach

Key Issues Key Science Issues
9



IRIS Protocol
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• Previous Cr(VI) problem formulation content has been presented in IAP format in 
the protocol

• List of included, excluded, and studies tagged as supplemental are disseminated 
through protocols (either during initial release or as an update)



IRIS Assessment Plans, Protocols, and 
7-Step IRIS Process

Early Step 1: IRIS 
Assessment Plans

• What the 
assessment covers

• 30 day public 
comment period + 
public science 
meeting

Mid-Step 1: 
Protocols

• How the 
assessment will be 
conducted

• 30-45 day public 
comment

11https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system#process

Opportunities for 
Public Comment

https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system#process


IRIS Protocol Content

12From Cr(VI) protocol (2019)

Updated IAP text and PECO 
based on public comments



IRIS Protocol Content
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From Cr(VI) protocol (2019)



Systematic Review Protocol for the 
Hexavalent Chromium IRIS 

Assessment

Catherine Gibbons, Ph.D.
Alan Sasso, Ph.D.

National Center for Environmental Assessment
April 24, 2019
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Hexavalent Chromium [Cr(VI)]

• Elemental chromium is a metal that exists naturally in the form of oxide 
minerals

• Predominant oxidation states are trivalent [Cr(III)] and hexavalent [Cr(VI)] 

• Industrial uses for Cr(VI): chrome plating, stainless steel production, pigments, 
corrosion inhibition

• Cr(VI) is a known human carcinogen by the inhalation route of exposure

• No evidence of carcinogenicity of Cr(VI) via the oral route until 2008
• National Toxicology Program 2-year drinking water study in rats and mice

• The revised Cr(VI) IRIS assessment was identified as a priority need by EPA 
programs and regions



Today’s Webinar

• Cr(VI) Protocol Highlights
• New implementation of systematic review methodologies
• New toxicological studies in rodents to improve oral assessment
• New epidemiological studies in humans to improve inhalation 

assessment
• New toxicokinetics and mode of action studies to improve hazard and 

dose-response assessments

• Public input on systematic review methods and emerging 
science 

• Reminder: 45-day public comment period closes April 29th
16



Cr(VI) in Water

• EPA data indicate widespread occurrence in US drinking water
• Third Unregulated Contaminant Monitoring Rule (UCMR3)

• Cr(VI) detected in ~90% of public water systems at or above 0.03 μg/L

• Maximum contaminant level (MCL) is 100 μg/L (total chromium)
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Cancer
• No data were available to determine 

carcinogenicity
• NTP (2008) drinking water study in 

rodents reported tumors and other effects 
• “Clear evidence of carcinogenic activity” 

in male and female rats and mice

Noncancer
• Oral reference dose (RfD) based on 

animal study published in 1958
• High uncertainty because no effects 

were observed
• New evidence will reduce uncertainty 

when calculating this value 

• Toxic effects from oral exposures in current IRIS assessment (1998) & what’s new:

 Hundreds of mode of action and toxicokinetics studies published since 1998

©Hyrma - stock.adobe.com



Cr(VI) in Air

• EPA classifies chromium compounds as hazardous air 
pollutants (HAPs)

• Sources: chrome plating, stainless steel production and welding, chrome 
ore refining, coal/oil combustion, and colored glass production

• Residential air levels downwind of industrial facilities have been 
correlated with emissions
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Cancer
• Human carcinogen by the inhalation route of 

exposure
• Inhalation Unit Risk was based on data for 

total chromium
• New science is available from Cr(VI)-

specific exposures and updated 
occupational cohorts

• Toxic effects from inhalation exposures in current 
IRIS assessment (1998) & what’s new:

Noncancer
• Two noncancer inhalation reference 

concentrations (RfCs)
• Acid mists and particulates RfCs

differ by ~50-fold
• New science can clarify dose-

response and reduce uncertainty



Scoping/Problem Formulation: Health Effects

Hazard identification and 
dose-response assessments

include:
• Cancer
• Noncancer effects 

• Respiratory
• Gastrointestinal
• Hepatic
• Hematological
• Immunological
• Reproductive 
• Developmental
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Hazard identification will not be revisited for lung 
cancer and nasal lesions

• Classifications of lung cancer (human carcinogen) and 
nasal lesions (evidence demonstrates Cr(VI) causes nasal 
lesions in humans) will be adopted

• Focus review of evidence on identifying studies that have 
the potential to:

• improve quantitative dose-response analyses
• influence the dose-response (e.g., MOA, identification of 

susceptible subpopulations)

Health effects and routes not included:
• Nephrotoxicity—acute effect only
• Neurotoxicity, endocrine effects—no evidence identified
• Dermal route—scoping did not indicate need



Transparent Documentation of Literature Search 
and Screening Steps
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All Tracked in HERO Database
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Primary Health 
Effects Studies 

(Human, Animal)
PBPK Models

HAWC Study 
Evaluations

Potentially 
Relevant 

Supplemental 
Material

Excluded

• Studies tagged with screening 
categories and subcategories 
(e.g., HERO, HAWC, protocol)

• Any study evaluation 
considerations used are 
documented in assessment 
and/or protocol updates



Example of Subcategorization and Screening: 
Mechanistic Studies in HAWC
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https://hawcprd.epa.gov/lit/assessment
/100500006/references/visualization/

https://hawcprd.epa.gov/lit/assessment/100500006/references/visualization/


Key Consideration:  Toxicokinetics of Cr(VI)

• Cr(VI) reduces to trivalent chromium [Cr(III)] in biological fluids
• Cr(III) is poorly absorbed by cells, has limited toxicity, and is considered to be a 

micronutrient

• Humans might detoxify Cr(VI) more effectively than rodents, particularly in the 
stomach due to higher acid content

22Adapted from Zhitkovich, Chem Res Toxicol 24: 1617-1629 (2011)

Extracellular reduction: 
detoxification

Cr(VI)

Cr(III)

Intracellular reduction: activation

Cr(VI) Cr(V) Cr(IV) Cr(III)
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Key Consideration: Cancer Mode of Action (MOA)

• A thorough and transparent systematic review of the mutagenic potential 
of ingested and inhaled Cr(VI) will be conducted

• Conflicting scientific evidence is available regarding a mutagenic MOA for cancer 
from drinking water exposures to Cr(VI) 

• A large volume of studies relevant to cancer MOA have been published
• Over 1,200 studies have been identified

• These studies include in vivo, in vitro, and in silico model systems

• Database includes new toxicogenomic analyses that will be fully considered

• Both linear and non-linear quantitative approaches will be presented to 
provide insights into uncertainties of model choice and mechanisms

23



Summary and Next Steps

• IRIS has moved toward full implementation of systematic 
review

• Consistent with systematic review practice, a protocol for Cr(VI) has 
been drafted for public release

• The updated Cr(VI) IRIS assessment will be the first use of systematic 
review methods for the evaluation, analysis, and integration of 
epidemiological, toxicological, and mechanistic evidence for the 
identified health effects associated with Cr(VI) exposure

• Our goals: transparently described and accessible, consistently applied, 
scientifically supported

24
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