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Welcome and Logistics

e 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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DARIS

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).
e Cancer: Oral Slope Factors (OSFs) and Inhalation Unit Risks (IURs).

IRIS assessments have no direct regulatory impact until they are combined
with

e 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
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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
e Children’s Health
 Environmental Justice

o
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EPA Systematic Review

FINDING WHAT

WORKS IN

A Stl"UCtUI‘Ed and HEALTH CARE
documented process for SRS,
transparent literature review

“As defined by IOM [Institute of Medicine]', 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.”

IInstitute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews.
p.13-34.The National Academies Press.Washington, D.C. 201 |
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Systematic Review in IRIS Assessments

Systematic Review

Systematic Literature Study Data Evidence Derive Toxicity
Scbping Review Protocol Inventory Evaluation Extraction Integration Values
1 [ [ [ 1 [ [
Assessment ‘
Initiated

I I
Literature Refined

Search, Screen

|
Initial Problem
Formulation

I I
Organize Hazard  Evidence Analysis and
Evaluation Plan Review Synthesis

Select arlld Model

Assessment
Developed
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IRIS Systematic Review Documents

IRIS Handboolk: Approaches and considerations for applying
principles of systematic review to IRIS assessments, general frameworks,
and examples.

Assessme
Initiated )

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review :’rotocol Inverl\tory Evall.:ation Extralction Integrl'ation va|lues
Initial F!roblen iterature Reﬁ'ned Organiz; Hazard Evidence A!nalysis and  Select arlnd Model
Formulation Sdarch, Screen Evaluation Plan Review Synthesis Studies

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

ssessment
Developed



Py IRIS Assessment Plans, Protocols, and
g EPA 7-Step IRIS Process

Early Step |:IRIS
Assessment Plans

_ Review Finalize
® What the
assessment covers \ T Scoping and 2‘2 Agency Review 5 Revise Assessment
. Problem Formation I ’ Review by health I ’ Address peer review and
. » Scoping: Identify needs scientists in EPA’s public comments
o 30-da)' PUbI IC ‘ of EPA’s program and program and regional
. regional offices offices -
comment PerIOd + : * Problem formulation: u [ﬁFinal Agency Review
public science o |iEie and Interagency
questions specific to the j Interagency Science Sci s k
. ) TR . cience Discussion
meetl ng - Consultation : :
() Draft Development - Discuss with EPA health
— @ Review by other federal scientists and with other
Apply principles of agencies and Executive federal agencies and
. systematic review fo: Office of the President Executive Office of the
(@) « Identify pertinent studies President
‘ * Evaluate study methods
° and quality E . L
|'|Id-Step l: /— () - Witeqioic evidence for }  Public Comment T{I _
‘ each health outcome Release for public review Fne i
P rotoco I S () » Select studies for R Assessment
deriving toxicity values ]
Post to IRIS websitt
_v * Derive toxicity values External Peer stio website
® How the Review
. Release for independent
assessment W|” be external peer review —

conducted
Opportunities for

_—— :
30-day public Public Comment

comment

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



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

\ee’EPA IRIS Assessment Plan (1AP)

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values

[ [ [ [ [ [
Assessmenf\\ Vall ANV .‘ ‘ ‘ ‘ ‘ ‘ Assessment
Initiated | " 1/ Developed
£
I I I 1 I
Initial Problen; Literature Refined Organize Hazard  Evidence Analysis and ~ Select and Model
Formulation Search, Screen Evaluation Plan Review Synthesis Studies

Assessment
Plans:

What the
assessment
will cover

® 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 |AP fosters early and focused Agency engagement

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

® Ammonia IAP released for public comment on April 16,2018 10
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IRIS Assessment Plan (IAP) Content

Table 1. EPA program and regional office interest in an assessment of oral

exposure to ammonia

EPA program or
regional office®* | Oral | Inhalation | Statutes/regulations Anticipated uses/Interest
Office of Water Need Completed, Safe Drinking Water Act: Ammonia is certified for use in water and
2016 to inform the Office of wastewater treatment, most notably in
‘Water Health Advisories, | disinfection of drinking water by chloramination.
(also a high-priority contaminant due
. ammanium hydroxide (1336-21-6) fertilizers and presence in runoff
agricultural fields.
. ammaonium acetate (631-61-8)
. ammaonium chloride (12125-02-9) anT..Ies need a .referenee dose to
ection of public health after
" ammenium sulfate (7783-20-2) spills or contamination situations.
. ammoniut 3 4 "KEY SCIENCE ISSUES ZE‘?:E
. ammoni Based on the preliminary survey of health agency assessments and authoritative review
articles, several key science issues will warrant consideration in the assessment.
. ammoniun Attribution of responses to the ammonium cation or to the anion (for example, isa
response to ammonium chloride due to its ammonium cation or to its chloride anion?): Some
& ammoniun studies included an anion control [for example, a study of ammonium chloride that included control
animals exposed to equimolar concentrations of potassium chloride). These studies will be
. ammaniun  especially informative for determining whether responses are attributable to the ammonium ion or
to the anion (in this example, the chloride ion).
L] ammeniun The palatability of ammonia to experimental animals: Ammonia is unpalatable to

humans, which suggests that ammonia in food or water might cause experimental animals to
reduce intake, leading to adverse health outcomes that would not necessarily be due to ammaonia
toxicity. The assessment will examine dose-related trends in body weight and in food or water
intake to estimate concentrations of ammonia that make food or water unpalatable to experimental
animals. In addition, the assessment will consider studies in which ammonia was administered
directly via oral gavage, in which the dose of ammonia does not depend on food or water intake.
Endogenous production of ammonia: The body produces ammonia during the
metabalism of amino acids. Most production 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. The rate of production of ammonia in the intestines is substantially higher than
typical intake rates [see Section 2.1). Ammonia is a toxic product with no apparent health benefits;

the body converts ammonia to urea and eliminates it.

24
5
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3.0VERALL OBJECTIVE. SPECIFIC AIMS. AND DRAFT

Table 3. Draft PECO [Fopulations, Exposures, Comparaters, Outcomes)
Critcrin for axscaaing noncancer hnznrds of oral exposure to ammanins snd
ammaniam zalts

POPULATIONS, EXP
AND OUTCOMES (P

FECD glemient

Ewldence

The overall ohjective of this asses!
exposure to ammonia and ammonium sal
derive an oral reference dose. The assess
pertinent epidemiologic and experimenta
mechanistic evidence. The evaluations co
relevant EPA guidance. The systematicr
draft assessment plan and will reflect cha
response to public input.

3.1. SPECIFIC AIMS

» ldentify epidemiologic and experi
ammaonia, as outlined in the PECO
exposure to ammonia or ammonil
considered critical for this assesst
Other published authoritative sou
review articles, will be the primar
assessment.

# Conduct study evaluations (risk al
experimental animal studies. Stut
uninformative and will not be con

# [Extract data on relevant health ou
studies included based on the stut

Hestan: Ay population and Ble sLage [ocou paticeal or genaral population, inchaSing chidran
amadl athier potantially sscaptible pogulations o life stages). The tollowing study designs will
e considanad st informative: controlkid ex@osurd, CoRert, Case-conteol, Cross-sectional, and
cological

Mot Caid MEpOITs and Cak sevies will b iraded during Audy soreesing. bul ane not thae
primary Tocus of this assesomant. Thisy may B ratriesd Tor full-Text reviens and Selso gl
aidanca syArhasis if no of few indormative sty detgre ane avalabio. (e ropodts also can
b i 3cs Suapeeatiwin P ton 1o astablish Beokogic placibiity for soma target organs. and
health cetonmes.

Asimal: Moskem an masm alian asimal pecies |waole orgasism) of any B stage fnckes ng
preConCitio, @ utand, lctation, peripubsrial, 2 adubt mage]

w  npasted ammonia [7664-41-7) or amm onie salts, mcluding ammosium hydrosiss
{1336-21 6], ammaonium acatate {531-61-E], ammsanium chloride [12135-02-9)
ammsonium sullate (7 7E3-20-2), ammeeium phosphate | 7783-26-01 amsonius
ditrytdrogien phecciphiate [7722-76-1], ammosium caroeats (S06-E7-61 asaonies
bicarbonats [1056-33-T1, and amn i citrate | P632-50-0]

& Studisod urea of of MiaDats CONTaINNR SO are Hol eapected 1o be usedul for
deriving tosdcity valuss, Thiss ane outsiss the scops of the assesemant.

& Studies of comples ammon i salts in which T nion-amsesn s mosty celd
contribete Signifcant Loty &g, Aumisem asmoniem sdlfats, ammesium
matavanadale, Mmonkm parchionate; s Section 2.2) are not depscted To b ushd
Tioer dhvivsin ) Doosiiy waluies for ammonia. Thiss are outsic tee scope of the
LAEEMENL

Hashan: Esposune Basid on Bomoeitoring &ats (i g unine, bleod, or othes seacinmens),
D e Ll OF SCospationa |- CeTIing Measures (&, g air, water lewels], o job tithe, or
reskianca. DOCupations in which axpisere Do aeonia & expecied indude brewars, jasitors,
CHaaners, axarmin 10, commsologists, hainstylists, morticans, emkalsars, agrculural
s, far v, amed farndize i Tactura. All singhe-docs freman st will b
il

Asimal: Expeians ioatis T 28m onia via diatary, Srisking watsr, gavags, of inbragsrit ool
adssintiration. Shefes amploying One of mon axposed groups will be concidaned the most
imformatien (L, Studss with melliphe doses and meltiphs durations of egosura). Other
OO [0, inCluding singhe-dose souis) will be tracked during itle and absirac s

* suppdaimantal matenal ” Sl imvoling Spotunas 10 mines will be inckaded only if chey
i @h ars with SE0sine 10 &M mona oF an ammosm i alon.

Comparatads

Hietan: A Companison of relrenc BOsu laion expcsed Lo lower kvt [of mo
oL P OReTa ek d etection levels) of ammonia (oF asmonia saits) of Tor shofer
periodts

Asirmial: Cuan bt e exposars vi Kwar of fd exgdduna of for @ shomer duration with vehide
control Historical contrak, praferably feom thi sase latseanony and coe in Gme, may b
consdarad if fesded

From draft ammonia IAP (2018)




?’EPA IRIS Protocol

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values
] [ ] [ ] [
Assessment
Assessment
. Developed
Initiated
1 I I I 1 I
Initial Problem Literature Refined Organize Hazard  Evidence Analysis and  Select and Model
Formulation Search, Screen Evaluation Plan Review Synthesis Studies

Protocols: How the assessment will be conducted

® 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)
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IRIS Protocol Content

3. OVERALL OBJECTIVES, SPECIFIC AIMS, ANLC 6. STUDY EVALUATION (REPORTING, RISK OF BIAS,

POPULATIONS, COMPARATORS, EXPOSUR

OUTCOMES (PECO) CRITERIA

The overall objective of this assessment is to identify adverse health effects and

Updated IAP text and PECO

characte ~

develop
is to der
studies,

for chlm
derived

RfC that
methods

evaluatii

el

4,

PR R

LITERATURE SEARCH AND SCREENING

STRATEGIES

3.1, 51 +1- U APPENDICES

2

® Istate, an APPENDIX A. ELECTRONIC DATABASE SEARCH STRATEGIES

5. REFINED EVALUATION PLAN

AND SENSITIVITY) STRATEGY

IRIS assessments evaluate each studv’'s methods usine uniform annroaches for each sroun
of similar studies s
concerns for the re
that affect the mag
study to detect a tr

animal toxicelogy s

7. DATA EXTRACTION OF STUDY METHODS AND

RESULTS

supplemental mate

prominent role in t

] D“‘;‘a mm':"“ “1:‘ 8. PHYSIOLOGICALLY BASED PHARMACOKINETIC

elements that may be colle

Table 3. 51 Gyogees sbont wnt et (PBPK) MODEL IDENTIFICATION, DESCRIPTIVE
SUMMARY, AND EVALUATION

Epids analyses that inform the s
Exposure measurem following the identificatiol
Outcome ascertaini he data extraction workfl
Participant selection
Confounding
Analysis
Selective reporting  be less relevant during PE Any models used should represent current scientific knowledge and accurately translate the
Sensitivi

extraction. Studies evalua PEPK (or classical pharmacokinetic [PK]) models should be used in an assessment when an

therefore, will not be cons applicable one exists and no equal or better alternative for dosimetric extrapolation is available.

assessment plan did not suggest a change was warranted to the specific ail

refined analysis plan was needed (i.e., all PECO-relevant studies will be cor

The evidence base for this assessment was relatively small and pul

assessment).

Tems mm

1
the last1
EPA's He
identifie
updated
only on t
in silico]

is preser

range of | _

SU="CONSTRUCTION BUILDING TECHNOLOGY" OR SU="ASTRONOMY
ASTROPHYSICS" OR SU="ARCHAEOLOGY" OR SU="0OPERATIONS RESEARCH
MANAGEMENT SCIENCE" OR SU="ANTHROPOLOGY" OR SU="SPORT SCIENCES" OR
SU="ART" OR SU="PALEONTOLOGY" OR SU="TELECOMMUNICATIONS" OR
SU="CHEMISTRY" OR SU="POLYMER SCIENCE" OR SU="ENGINEERING" OR
SU="ENVIRONMENTAL SCIENCES ECOLOGY" OR SU="FOOD SCIENCE
TECHNOLOGY" OR SU="SCIENCE TECHNOLOGY OTHER TOPICS" OR
5U="BIOTECHNOLOGY APPLIED MICROBIOLOGY" OR SU="AGRICULTURE" OR
SU="SPECTROSCOPY” OR SU="CRYSTALLOGRAPHY" OR SU="INTEGRATIVE
COMPLEMEMNTARY MEDICINE" OR SU="WATER RESOURCES" OR SU="NUTRITION
DIETETICS" OR SU="LIFE SCIENCES BIOMEDICINE OTHER TORICS" OR
SU="PARASITOLOGY" OR SU="THERMODYNAMICS" OR SU="DPTICS" OR
SU="BIOPHYSICS" OR SU="TROPICAL MEDICINE" OR SU="VETERINARY SCIENCES"
OR SU="RESEARCH EXPERIMENTAL MEDICINE" OR SU="MARINE FRESHWATER

L oensiivity 18 minimal data extraction, ] Science into computational cede in a reproducible, transparent manner. For a specific target

Study evall high confidence studies ar organ/tissue, it may be possible to employ or adapt an existing PBPK model, or develop a new PEPK

The stud luati The data extractio: model or an alternate quantitative approach. Data for PEPK models may come from studies with
e study evaluatii 1

. animals or humans, and may be in vitro or in vivo in design.
limitations (focusit available for download fro

result), considerin; [NOTE: The following broj

null. The study evs (preferred), Mozilla Foxfir
of the results) in th Internet Explorer.] Data e
independently checked by

8.1. IDENTIFYING PHYSIOLOGICALLY BASED PHARMACOKINETIC
(PBPK) MODELS
PBPK modeling is the preferred approach for calculating a human equivalent concentration
(HEC) according to the hierarchy of approaches outlined in EPA guidance (1.5, EPA, 2011a). For

by discussion or consultat
chloroform, metabolism is a major component of target organ toxicity, and PBPK models are

verified, they will be "lock ) L i . )
available to account for interspecies differences in metabolism between rats, mice, and humans

WebPlotDigitizer (http:// i ) ) .

inf tiom a (Sasso et al., 2013; Corley et al., 1990). Chloroform is metabolized to the reactive metabolites

JLGITLATON Srom HEureg phosgene and dichloromethyl free radical in humans and animals by cytochrome P450-dependent
pathways (Gemma et al.. 2003; Constan et al.. 1999).

Eecause of the role of metabolism in the production of target ergan toxicity, and the reactive

13

From draft chloroform protocol (2018)
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9. SYNTHESIS WITHIN LINES OF EVIDENCE 11. DOSE-RESPONSE ASSESSMENT: STUDY
SELECTION AND QUANTITATIVE ANALYSIS

For each potential health effect |

outcomes;: or a broad hazard category).

effect evidence, a1 Table 9. Primar 10_ I NTEG RATIO N ACROSS LI N Es The previous sections of this protocol describe how systematic review principles are

syntheses? . - - . ) - .
. applied to support transparent identification of health outcomes (or hazards) asseciated with
written to emphai PP PP i ( )
. : Considerati exposure to the chemical of interest in conjunction with evaluation of the quality of the studies
the evidence intgg | “MSiAeration *P ) quality
studies or group ¢ Repeated | For the analysis of most health outcomes, IRIS assessme; considered during hazard identification. Selection of specific data for dose-response assessment
exist, the € . . s . .
association, temp |Consistency | vcifrering’ and mechanistic evidence. Depending on the assessment scope = and performance of the dose-response assessment is conducted after hazard identification is
N
Stronger h . . = _— . . . . .
humans (U.5. EPA strongero ANimal evidence. conclusions for mechanistic evidence mav be b complete, and builds off this step in developing the complete IRIS assessment. The dataset
. selection process involves database- and chemical-specific biological judgments that are beyond the
Specificall Increasesi mechanistic st WITHIN STREAM CONCLUSIONS 3 P Bical JueE )
Biological concentral d £ scope of this protocol, but are discussed in existing EPA guidance and support documents, This
first be analyzed & | gradient (dose- |or compley ATE ATaWD as . ] . ) ) .
i response)® necessatil HUMAN EVIDENCE STREAM CONCLUSION section of the protocol provides an overview of points to consider when conducting the dose-
lack of data withir i » First. a . - . . . .
; b1 | considerg N The synthesis of evidence about health effects response assessment, particularly statistical considerations specific to dose response analysis that
the available mec Given wha chemic I s | _— \ . \ . . .
particulart and mechanisms from human studies is support quantitative risk assessment. Importantly, the considerations outlined in this protocol do
chloroform,, a syr sten in combined (integrated) to draw a conclusion T . ) . !
Strength (effect ;"'"a':l“cztlffii P about effects withinthe ctream not supersede existing EPA guidanece, Several EPA guidance and suppert documents provide more
evaluation of care | magnitude)and| expl cohere . T Factors that detailed considerations for the development of EPA's traditional dose-response values, especially
precision errors il Studies and  Factors t‘r:l increase decrease Summ
_— results o ¢ Inpar: EPA's Review of the Reference Dose and Reference Concentration Processes (LS, EPA, 2002), EPA's
9.1. SYNTHE! ie., low ANt [Health Effect or Outcome Grouping] . . oy ae . .
A H £, - -
., low p the che Evidence from Human Studies (Route) Benchmark Dose Technical Guidance (U.5. EPA, 2012b), Guidelines for Carcinogen Risk Assessment
To assess | mechanistic i;ﬁlzsglmganges st o T"'E:r: e ca | oot ey et (U.S.EPA, 2005a), and Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to
id . (based on gradient Impreeision Huiais avidi R
euidence evidence strength. While a lack of ovaluation of risk | Coherance of indirectness/ pausid Carcinogens (U.S. EPA, 2005b).
related to N N COM | o bias and observed effects apphicabitty data infh
biological strength, it may do so if findings de sonsitty)and | fapical studias) Poor study uolty! | acament f4 For IRIS toxicological revi a ) " icall " d for both
Human evidence: studies in expose explanation Eftoct siza (mogaitcte| highnskafbias | o0 or oxicological reviews, dose-response assessments are typically performed for bof
plausibility . - . Study design sovarity) - Othor (o.g., TP T P p— n— . 1
Animal evidence: studies in eXposen anIMalst | description Blological plausibiity |  SingleFew Coutd be rukipls rows (]
Low risk of bias/high |  Studies; smal i
Findings across the database that fit into a cor quakly samyve sire) """ﬁ,ﬂm'n::f:;:ﬁm"_:
- _ Insensitivity of null’ | Evidence
similarity in results for relzted effects within a negative sludies demonstrating
dose-dependent progression of linked effects Netural experiments Impleusibinty
Coherence® Conversely, an observed lack of changes that! " i 12 . P ROTO co L H ISTO RY
subsequently) with the effect of interest coule |Evidence for an Effect in Animals (Route)
i inlogical devel Fstency ond C Results information (
'"f‘?f";(e_d h}'c;:e knowin b:?"?g'ﬁ:j_ 1OPME | sucopne | opicaten nconsstency | afoted unoflectod) ety
toxicokineti namic understanding of the d (based Do | imprecit E o F .
v e evaation o risk of Mi?!:f"”"“ Inirectness pf;ff;f:,,mmf’fnﬁ?ﬁ Release date: (January 2018 [chloroform protocol version 1])
Matural Human evidence only: Reductions in effect th h::: "m:':“'mwl r“:hcm;c;r . mrwr ot discuss how mechanisic ... 3
: - - andesplonorion | observed aflects r ras
experiments Although rare, such reductions can provide oo s;.,dy‘;fgw (apical studies) high n'wnrlgin( W :g;;c:;?;?:ﬂ:x:{wmm, = trongestevidence
description Effoct siza (mognituds.| - Other (s.g. molecular changes in animal studias) | + C(Weakest svidenca
. Human evidence enly: The exposure occurs be savariy) Singla/Fow X
Temporality N Biological plausibiliy Studies; small
evaluation of exposure measures for each stu Low risk of Bias’Ngh | sample size) Could be mulipla rows {e.g., by study | = Inadequate
:mz Evidence confidence, species, or exposure ~ Z = Gomvincing
vity of il demonstrating duration) if this informs resuits vidence
negative shudies implausitily heterogeneity of no effect

Figure 4. Evidence profile table template.

14
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 Ibs/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/m? (air)

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



wEPA \ Ammonia in groundwater: spatial
heterogeneity

Ammonia
Concentration (mg/L)

© .500 and less :
@ .500-1.00
@ 1.00-2.00
® 2.00-5.00
® 5.00-34.0

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
e These yield the ammonium ion (NH,*) in the body
o Studies are available on several salts whose toxicity is reasonably attributed to
NH,*
(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
iInfected 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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