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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. Questions 
and comments (webinar) will be posed at the end of each issue discussion. 

• 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.
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IRIS Provides Scientific Foundation for Agency 
Decision Making
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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



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
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IRIS Systematic Review Documents
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Assessment 
Plans: 
What the 
assessment 
will cover

Scoping

Initial Problem 
Formulation

Systematic 
Review Protocol

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

Literature 
Search, Screen

Literature 
Inventory

Refined 
Evaluation Plan

Study 
Evaluation

Organize Hazard 
Review

Data 
Extraction

Evidence Analysis and 
Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Assessment 
Developed



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-day public 
comment

9https://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 Assessment Plan (IAP)
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Scoping and initial problem formulation determinations

• Background and Agency need, exposure context, objectives and specific aims, key 
areas of scientific complexity

• Includes draft PECO (Populations, Exposures, Comparators, and Outcomes) criteria 
which outlines evidence considered most pertinent

• Internal review of IAP fosters early and focused Agency engagement

Released for a 30-day public comment period + public science discussion 
(beginning of IRIS Step 1)

Ammonia IAP released for public comment on April 16, 2018



IRIS Assessment Plan (IAP) Content
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From draft ammonia IAP (2018)



IRIS Protocol
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Initiated
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• In IRIS, comments received on IAP are considered when preparing the protocol 
(updated IAP text is included in the protocol) and protocols are released for 30-day 
public comment period 

• Protocol is iterative – Public comment and knowledge gained during implementation 
may result in revisions to the protocol to focus on the best available evidence. Major 
revisions are documented via updates, e.g., changes to specific aims or PECO

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



IRIS Protocol Content
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From draft chloroform protocol (2018)

Updated IAP text and PECO 
based on public comments



IRIS Protocol Content
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From draft chloroform protocol (2018)



IRIS Assessment Plan for Oral Exposure to Ammonia and 
Selected Ammonium Salts

National Center for Environmental Assessment
Office of Research and Development

U.S. Environmental Protection Agency



Background

• Ammonia is a caustic gas, highly soluble in body fluids
• Production: 10s of billions of lbs/yr in the U.S.
• Uses

• drinking-water disinfection by the process of chloramination
• other water and wastewater treatment operations
• fertilizers for agriculture (major use)
• production of explosives (ammonium nitrate)
• food additives, prescription drugs, pesticides (smaller amts)

• Typical concentrations (variable by place and season)
<0.5 mg/L (water), <0.25 mg/m3 (air)

• Typical intake (mg/d): <1 (water), <0.5 (air); 18 (foods)
• Endogenous production (mg/d): 4000, mostly intestinal



Ammonia in groundwater: spatial 
heterogeneity

Source: Map created for U.S. EPA based on U.S. Geological Survey National 
Water-Quality Assessment Program data from 2011



Scope of the assessment

• Focus on oral exposure
(an inhalation assessment was completed in Sept 2016)

• Focus on soluble ammonium salts
• These yield the ammonium ion (NH4

+) in the body
• Studies are available on several salts whose toxicity is reasonably attributed to 

NH4
+

(ammonium hydroxide, acetate, chloride, sulfate, etc.)
• Excludes more complex compounds where the rest of the molecule is expected to 

be toxic
(e.g., ammonium perchlorate, ammonium metavanadate)

• Derive reference doses in terms of the ammonium ion



Health outcomes to be evaluated

• Gastric irritation

• Systemic toxicity (body weight)

• Metabolic acidosis* (and potentially musculo-skeletal toxicity)

• Hyperammonemia* (and potentially neurotoxicity)

• Developmental toxicity

* these hazards are well established in the medical literature;
focus will be on dose–response assessment

• No cancer evaluation (science topic 3, later)



Potentially susceptible populations and 
lifestages

• Individuals with impaired liver or kidney function (the liver converts ammonia to 
urea, which is excreted by the kidneys)

• Infants and children (ammonia can cross the blood–brain barrier)

• Individuals at risk for osteoporosis (metabolic acidosis can cause bone loss)

• Individuals infected with Helicobacter pylori (this bacterium produces ammonia and 
causes stomach irritation and most non-cardia stomach cancers) (science topic 2, 
later)



Public comments

• Limit the assessment to ammonia and selected ammonium compounds where 
toxicity is attributable to ammonia and not the rest of the molecule

• Good to see discussion of endogenous production; experts in that field should be 
consulted (science topic 1, later)

• Comments pertinent to systematic review: PECO, study selection, study evaluation, 
general operating procedures

• Further comments on the assessment of inhalation exposure to ammonia 
(completed in 2016)



Specific aims

• Literature searches to identify pertinent epidemiologic and experimental studies for 
each health outcome

• Study evaluation (risk of bias and insensitivity)

• Data extraction

• For each health outcome, synthesize the human and animal evidence separately, 
then integrate the evidence overall

• Derive oral reference doses for chronic and for less-than-chronic exposure

• Characterize strengths and limitations of the database, uncertainties, and key data 
gaps



Systematic review topic

• Are the assessment objectives and specific aims articulated clearly?

• Does the background information and context that is provided support the 
objectives for the assessment presented in plan?

• Does the proposed PECO framework identify the most pertinent evidence to 
address the stated needs of the Agency programs and regions?



Science topic 1: 
Endogenous production

• Ammonia is produced during the metabolism of amino acids. Most occurs in the 
intestines during the digestion of meat and other sources of protein, and a smaller 
amount occurs in the mouth from the reaction of saliva with food particles. 

• Many animal studies have investigated the effect of oral exposure to ammonia on 
upper-digestive-tract irritation, on hyperammonemia, or on metabolic acidosis. 
These studies have reported clear dose–response relationships and have not 
attributed any part of these effects to endogenous production.

• The assessment will consider whether endogenous production of ammonia might 
complicate dose–response relationships for irritation, hyperammonemia, or 
metabolic acidosis, and if so, how to disentangle the effects of oral exposure to 
ammonia and its endogenous production. 



Science topic 2: 
Helicobacter pylori

• Endogenous production of ammonia also occurs in individuals infected with H. 
pylori, which survives in the stomach by producing ammonia to reduce stomach 
acidity. 

• In individuals infected with H. pylori, oral exposure to ammonia would add to the 
concentration of ammonia in the stomach associated with H. pylori infection. 

• Some studies in uninfected rats have investigated stomach irritation from oral 
exposures that correspond to stomach concentrations of ammonia in humans 
infected with H. pylori.

• The assessment will consider the use of these oral studies in uninfected rats in 
developing reference doses for oral exposure. 



Science topic 3: 
Potential carcinogenicity

• There are several studies pertinent to an evaluation of potential carcinogenicity, 
including two occupational case–control studies, four studies of cancer in 
experimental animals, and three initiation–promotion studies (see section 2.2 of 
the assessment plan). 

• Because these studies are not likely to be useful for deriving toxicity values for 
cancer, the assessment plan has chosen to limit the scope of the assessment by 
not pursuing an evaluation of potential carcinogenicity. 
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