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Overview

- Context for These Actions: PFAS and PFAS Strategic Roadmap
*What Is a Drinking Water Health Advisory?

* Health Advisory Values for the Four PFAS.

* Interim Updated Health Advisory Documents for PFOA and PFOS.

* Final Health Advisory Documents for PFBS and GenX Chemicals.

* Key Questions and Answers about these Actions
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Context: Per- and Polyfluoroalkyl Substances (PFAS)
Background

PFAS captures a large class of synthetic chemicals.

* Chains of carbon atoms surrounded by fluorine atoms.

* Wide variety of chemical structures.

Used in homes, businesses, and industry since the 1940s.

* Used by a number of industries and found in many consumer products.
* Detected in soil, water, and air samples.

* Most people have been exposed to PFAS,

Known or suspected toxicity.

* Potential developmental, liver, immune, and thyroid effects.

= Some are relatively well understood; many others are not.

{ esist decomposition in the environment and in the human body.
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Context: EPA’'s PFAS Strategic Roadmap: EPA’s
Commitments to Action 2021-2024

» Bl announced the PFAS Strategic Roadmap in October 2021 — a bold, strategic, whole-of-EPA strategy to
protect public health and the environment from PFAS.
* The PFAS Strategic Roadmap:
* Lays out EPA's whole-of-agency approach to tackling PFAS;
= Sets timelines for concrete actions from 2021 to 2024;
* Fills a eritical gap in federal leadership;
* Supports states’ ongoing efforts; and
* Builds on the Biden-Harris Administration’s commitment to restore scientific integrity.

* Among other actions, the PFAS Roadmap commits EPA to developing drinking water health
advisories and a national drinking water regulation.
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What is a Drinking Water Health Advisory?

* Drinking water health advisories:

« provide information on contaminants that can cause health effects and are known or
anticipated to occur in drinking water

+ are non-enforceable and non-regulatory
include information on analytical methods and treatment

* EPA has developed HAs for ~200 drinking water contaminants.

* An HA level or value is the concentration of a drinking water contaminant for a specific
exposure duration, at or below which exposure is not anticipated to lead to adverse
human health effects.

A lifetime HA (such as those EPA recently released) protects all Americans, including
sensitive populations and life stages, from adverse health effects resulting from
exposure throughout their lives.
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Development of Health Advisories

* Interim HAs for PFOA and PFOS based on publicly available EPA draft assessments
that were undergoing EPA Science Advisory Board review to provide information to
public health officials while regulatory process is ongoing.

* Address pressing need to replace 2016 PFOA/S HAs of 70 ppt based on more
recent health effects studies showing that PFOA/S can impact human health at
much lower exposure levels than the 2016 HAs.

» Toxicity values will change as a result of work to address SAB recommendations.
But the HAs (and MCLGs) are likely to remain below the PFOA and PFOS
minimum reporting limit of 4 ppt.

* Final HAs for PFBS and GenX chemicals are based on publicly available, and peer-
reviewed final toxicity assessments published in 2021.
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Draft Chronic RfDs, Critical Effects, and Critical Studies Used to Develop the Lifetime iHAs for PFOA and PFOS

RiD Exposure in - Principal and Associated
: Critical Effect .
| (mg/kg bw-day) | Critical Study il e Studies (Study Type)

PFOA

Eroposed Agprogches to the

Developmental mmune

Derhrunn_:.rr af o Draft Moximum PEOA measured in el i Grandjean et al., 2012;
Comtorningnt Lewel Goal for Budtz-lorgensen and
P 1.5 = 109 serum of Syear-old  (suppression of tetanus -
Perfluoroactanalc Acid [PROA) children R P T Grandjean, 2018
(CASRN 335-57-1) in Drinking i i dm':; ¥ {epidemiclogical study)

Wirder [Draft] (LS, ERA, 3021}

Propased Approoches o the

Derrvation of a Draft Moximum Developmental immune Grandjean et al, 2012;
Contarmimant Level Goal for PROS measured in health cutcome Elud'tz-.lnrgem.e; i !
Parfluaroectane Suiforic Ac'd 7.9 = 107 serum of S-year-old  (suppression of diphtheria Grandjean, 2013
(REOS) (CASAN 1763-23-1) in children vaccine response In T-year- R

Dﬂn&ir witer [Draft] (U.S. EPA, oid children) ipiEeiioloncal study)
2021
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Summary of Four PFAS Health Advisories

* EPA is releasing health advisories for four PRAS:
[ * Interim HAs: PFOA and PFO5S
* Final HAs: GenX chemicals (PFOA replacement) and PFBS (PFOS replacement)
= Analytical methods can detect GenX chemicals and PFBS at the HA values but cannot detect
PFOA and PFOS at the level of the interim HAs.
=  Because of this, EPA recommends that If water systems detect PFOA and PFOS, they take steps
such as informing residents, undertaking monitoring, and examining steps to limit exposure,

Health Advisory Minimum Reporting Level

PFOA ' 10.004 (interim} 4
PFOS ~ 0.02 (Interim) b §
GenX Chemicals 10 (Final) 5
PFBS 2,000 (Final) 3

* Fifth Unregulated Contaminant Monitoring Fule [UCME 5] MREL i$ the minimum quantitation lewel that, with &%
peroent confidence, tan be achipved by capable anakysts at 75 percent or mone of the laboratories using a specified
anabytical method. These MELS are based on the WCMR S requirement to wse EPA Analytical Method 533,
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Health Advisory Materials Available on EPA’s Website

* Drinking water health advisory documents and supporting scientific documents
* Questions and Answers

* Fact sheet for communities

* Fact sheet for public water systems

* Technical fact sheet

* See https://www.epa.gov/sdwa/drinking-water-health-advisories-pfoa-and-pfos
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Responding to Questions on Health Advisories (1)

+ My water has measurable levels of PFOA/PFOS or GenX chemicals/PFBS above
the health advisory:

» Should | be concerned about my health?

« EPA’s lifetime health advisory levels offer information that indicates the safe
levels of exposure through drinking water over the course of a person’s
lifetime to avoid adverse health effects.

* These levels are calculated to offer a margin of protection that also takes
into account exposure through other sources beyond drinking water.

« If you are concerned about potential health effects from exposure to these
PFAS above the health advisory level, EPA encourages you to contact your
doctor or health care professional.
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Responding to Questions on Health Advisories (2)

+ My water has measurable levels of PFOA/PFOS or GenX chemicals/PFBS above
the health advisory:

* Should | drink bottled water?

» At this time, EPA is not recommending bottled water for communities based

solely on concentrations of these chemicals in drinking water that exceed the
health advisory levels,

» If you are concerned about PFAS in your tap water, EPA recommends you
contact your local water utility to see whether they can provide any specific
recommendations for your community.

United & s Office of Wate
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Responding to Questions on Health Advisories (3)

« My water has measurable levels of PFOA/PFOS or GenX chemicals/PFBS above
{ :health advisory:

* Should | install a filter?

* FPA recommends that communities and water systems that measure any levels of PFOA or PFOS
or that measure Gen X chemicals or PFBS at levels higher than the health advisory levels inform
their customers and consider taking actions to reduce PFAS levels in their drinking water by
installing treatment technologies or obtaining o new uncontaminated source of drinking waoter,
if available.

* [ndividuals who ore concerned about PFAS in their wells or in their homes maoy consider in-home
water treatment filters that are certified to lower the levels of PFAS in water.

= EPA has information available on these filters on EPA’s website,

* |f you ore concerned obout potential health effects from exposure to these PFAS above the
health advisory level, contact your doctor or health care professional.
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Responding to Questions on Health Advisories (4)

* Should | be concerned even if PFOA/PFOS are not detected in my drinking water?

* The lower the levels of PFOA and PFOS, the lower the risk. This means that while
PFOA and PFOS may be present in drinking water in trace concentrations that
cannot be measured, water provided by these systems that test but do not
detect PFOA or PFOS is of lower risk than if they are found at measurable levels.

* EPA recommends that public water systems that find PFOA or PFOS in their
drinking water take steps to inform customers, undertake additional sampling to
assess the level, scope, and source of contamination, and examine steps to limit
exposure. While water systems may not be able to eliminate all risks from PFOA
and PFOS, they can successfully reduce those risks.
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Responding to Questions on Health Advisories (5)

* What treatment technologies exist to remove PFOA, PFOS, GenX chemicals, and
PFBS?

* Activated carbon, anion exchange and high-pressure membranes have all been
demonstrated to remove PFAS from drinking water systems. These treatment
technologies can be installed at a water system’s treatment plant and are also
available in-home filter options.

» Each of the four Health Advisory documents identifies the treatment
technologies that have been demonstrated to remove the specific PFAS and the
factors that impact performance of the technologies.

« learn more about these treatment technologies.
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Responding to Questions on Health Advisories (6)

* |s EPA going to establish a national drinking water regulation for PFOA, PFOS and
additional PFAS?

* EPA is developing a proposed National Drinking Water Regulation for PFOA ond PFOS for publication
in the coming weeks. As EPA undertakes this action, the agency is also evaluating additional PFAS

and considering regulatory octions to address groups of PFAS. EPA anticipates finalizing the rule by
the end of 2023.

* The proposal will include both a non-enforceable Maximum Contaminant Level Goal (MCLG) and an
enforceable standard, or Maximum Contaminant Level (MCL) or Treatment Technigue,

= The MCLG is the maximum level of o contaminant in drinking water at which no known or

anticipated adverse effect on the health of persons would oecur, allowing an adequate margin of
safety.

* The enforceable standard is set as close as feasible to MCLG. EPA considers the ability to measure
( and treat @ contaminant os well as costs and benefits in setting the enforceable stondard.

Linited State ot Office of Wates
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Next Steps

* Consistent with the PFAS Roadmap, EPA is developing a proposed national
(_ srimary drinking water regulation for PFOA and PFOS

« Will utilize final input from the Science Advisory Board to develop the proposed
Maximum Contaminant Level Goals (MCLGs) — the non-enforceable health-based
goals to inform the standard-setting process.

The enforceable standard (Maximum Contaminant Levels (MCLs) or treatment
technigue) will be set as close as feasible to the MCLG.

The draft proposed rule is currently undergoing internal US federal government
review, and EPA will issue the proposed rule for public comment when that
process concludes.

* Expect a proposed rule in the coming weeks and a final rule by the end of 2023
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e Y United States
N’ Environmental Protection EPA 822-F-22-002
’ Agency lune 2022

Technical Fact Sheet: Drinking Water Health Advisories
for Four PFAS (PFOA, PFOS, GenX chemicals, and PFBS)

Summary
As part of EPA’s commitment to safeguard communities from per- and polyfluorcalkyl substances (PFAS), EPA
has issued interim updated drinking water health advisories for perfluorooctanoic acid {PFOA) and
perfluorooctane sulfonate (PFOS), and final health advisories for hexafluoropropylene oxide {(HFPO) dimerf \d
and its ammonium salt {together referred to as “GenX chemicals”) and perfluorobutane sulfonic acid and its
related compound potassium perfiuorobutane sulfonate (together referred te as “PFBS”). The interim health
advisories for PFOA and PFQS are intended to provide information to states and public water systems until the
National Primary Drinking Water regulation for PFAS takes effect. All four of these health advisories provide
 drinking water system operators, and state, tribal, and local officials who have the primary responsibility for
overseeing these systems, with information on the health risks of these chemicals, so they can take the
appropriate actions to protect their residents. -

Background

What Are PFAS?

PFAS are synthetic chemicals that have been manufactured and used by a broad range of industries since the
1940s. PFAS are used in many applications because of their unique physical properties such as resistance to
high and low temperatures, resistance to degradation, and nonstick characteristics. PFAS have been detected
worldwide in the air, s0il, and water. Due to their widespread use and persistence in the environment, most
people in the United States have been exposed to PFAS. There is evidence that exposure above specn‘tc lev
to certain PFAS may cause adverse health effects,

What Are Drinking Water Heolth Advisories?

Drinking water health advisories {HAs) provide information on contaminants that can cause human health
effects and are known or anticipated to occur in drinking water. EPA's HAs are non-enforceable and non-
regulatory and provide technical information to drinking water system operators, as well as federal, state,
tribal, and local officials on health effects, ana[ytrcal methods, and treatment technologies associated with
drinking water contamination.

Why is EPA Issuing These HAS?

In 2016, EPA published HAs for PFOA and PFOS based on the evidence available at that time {U.S. EPA 2016,
a,b). The science has evolved since then and EPA is now replacing the 2016 advisories with interim updated
lifetime HAs for PFOA and PFOS that are based on new studies and draft toxicity values from EPA’s 2021 draft
PFOA and PFOS health effects documents. Fulfilling EPA’s commitment in its October 2021 PFAS Strategic
Roadmap, EPA has issued final lifetime HAs for GenX chemicals and PFBS.
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How Does EPA Calculate HAs?

The following equation is used to derive a lifetime noncancer health advisory. A lifetime noncancer health
advisory is designed to be protective of noncancer effects over a lifetime of exposure, including sensitive
populations and life stages, and is typically based on data from experimental animal toxicity and/or human
studies, -

RID

Lifetime HA = (m

) « RSC

Where:
RFD = chrenic reference dose—an estimate {with uncertainty spanning perhaps an order of magnitude)
of a daily oral expesure of the human population to a substance that is likely to be without an
appreciable risk of deleterious effects during a lifetime. :
DWI-BW = drinking water intake rate adjusted for body weight—the 90th percentile DWI for the
selected population or life stage, adjusted for body weight (BW)}, in units of L/kg bw-day. The DWI-BW
considers both direct and indirect consumption of tap water (indirect water consumption encompasses

( water added in the preparation of foods ar beverages, such as tea or coffee).

RSC = relative source contribution—the percentage of the total oral exposure attributed to drinking
water sources {U.S. EPA, 2000} where the remainder of the exposure is allocated to all other routes or
sources.

What Types of Health Outcomes are Associated with Exposure to These Four PFAS, and How
Did EPA Develop the HAs?

PFOA and PFOS

EPA is conducting extensive evaluations of human epidemiological and experimental animal study data to
support the Safe Drinking Water Act (SDWA) National Primary Drinking Water Regulation for PFOA and PFOS.
In November 2021, EPA released draft documents that summarize the updated health effects analyses for EPA
Science Advisory Board (SAB) review (U.S. EPA, 20213, b}. EPA evaluated over 400 studies published since
2016 and used new human health risk assessment approaches, tools, and models. Human studies have found
associations between PFOA and/or PFOS exposure and effects on the immune system, the cardiovascular
system, development {e.g., decreased birth weight), and cancer. The new published peer-reviewed data and
d( EPA analyses {U.S. EPA, 20213, b} indicate that the levels at which negative health cutcomes could occur
are much lower than previously understood when the agency issued its 2016 HAs for PFOA and PFOS (70 parts
per trillion or ppt). EPA’s 2021 draft non-cancer reference doses (RfDs) based on human epidemiology studies
for various effects (e.g., developmental/growth, cardiovascular health outcomes, immune health) range from
~107 to 10°% mg/kg/day. These draft RfDs are two to four orders of magnitude lower than EPA’s 2016 RfDs of 2
x 10°° mg/kg/day (U.S. EPA, 20213, b).

The most sensitive non-cancer effect based on the draft EPA analyses, decreased immunity {i.e., decreased
serum antibody concentrations after vaccination) in children in a human epidemiology study, was selected as
the basis for the draft RfD {toxicity value) in the PFOA and PFOS heaith effects draft documents (U.S. EPA,
20212, b). EPA used the draft RfD to derive the interim updated HAs for PFOA and PFOS. In the critical study,
EPA selected the critical effect of decreased serum antibody concentration in children associated with
increased serum PFOA and/cr PFOS concentrations. EPA expects this critical effect to be protective of all other
adverse health effects observed in humans because this adverse effect can reduce the protection afforded by
vaccines after exposure to PFCA/PFOS during a sensitive developmental life stage and it yields the lowest
point of departure {POD) (U.S. EPA, 20213, b). For both PFOA and PFOS, an intraspecies uncertainty factor
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{UFu} of 10 was applied to account for variability in the response within the human population {U.S. EPA,
2002). EPA identified children ages 0-5 years as a sensitive life stage, based on the critical study, and selected
the corresponding DWI-BW. Based on a literature search of the available information on exposure sources and
routes, EPA calculated the interim HAs for PFOA and PFOS using an RSC of 0.20, meaning that 20% of the
exposure — equal to the RfD —is allocated to drinking water, and the remaining 80% is attributed to all other
potential exposure sources {U.S. EPA, 20223, b; U.S. EPA, 2000).

While there is evidence that PFOA is likely to be carcinogenic to humans, EPA has not derived a cancer risk
concentration in water for PFOA at this time. For PFOS, there is suggestive evidence of carcinogenic potential
in humans. Additional analyses of the cancer study data are ongoing for both PFOA and PFQS.

The underlying science that EPA used tc develop the interim health advisories is currently undergoing SAB
review, and therefore, these interim health advisories are subject to change. After receiving the SAB’s final
report, EPA will complete its revisions to address their feedback and recommendations, which could lead the
agency to draw different conclusions than are reflected in the draft health effects analyses (U.S. EPA, 20213,
b). As a result, the interim health advisory levels for PFOA and PFOS (U.S. EPA, 2022z, b) could change. EPA
may update or remove the interim health advisories for PFOA and PFOS upon finalization of the National O
Primary Drinking Water Regulation.

GenX Chemicals and PFBS

EPA’s final health advisories for GenX chemicals and PFBS are based on animal toxicity studies following oral
exposure to these chemicals. Studies of exposure to GenX chemicals have reported health effects in the liver,
kidney, immune system, development, as well as cancer. The most sensitive non-cancer effect among the
available data was an adverse liver effect {constellation of liver lesions) {U.S. EPA, 2021c}). This critical effect
was the basis for the final chronic RfD which EPA used to derive the final HA for GenX chemicals. To develop
the final chronic RfD for GenX chemicals, EPA applied a composite UF of 3,000 (i.e., 10X for intraspecies
variability {UFn)}, 3X for interspecies differences {UFa), 10X for extrapcolation from a subchronic to a chronic
dosing duration {UFs), and 10X for database deficiencies {UFo}) (U.S. EPA, 2021c). EPA identified lactating
women as an adult life stage with the greatest potential exposure from drinking water, based on the critical
study, and selected the corresponding DWI-BW. EPA calculated the final BA for GenX chemicals using an RSC
of 0.20, meaning that 20% of the exposure -- equal to the RfD -- is allocated to drinking water, and the
remaining 80% is attributed to all other potential exposure sources {(U.S. EPA, 2022¢). There is suggestive
evidence of carcinogenic potential of oral exposure to GenX chemicals in humans and the available data are
insufficient to derive a cancer risk cencentration in water for GenX chemicals.

For PFBS, animal studies have reported health effects on the thyroid, reproductive system, development, and
kidney following oral exposure. The most sensitive non-cancer effect was an adverse effect on the thyroid {i.e.,
. decreased serum total thyroxine) in newborn mice in & study with exposure throughout gestation in the
“mothers. This critical effect was the basis for the final chronic RfD which EPA used to derive the final HA for
PFBS (U.S. EPA, 2021d; U.S. EPA, 2022d}. EPA applied a composite UF of 300 {i.e., 10X for intraspecies
variability {UFy}, 3X for interspecies differences (UFa}, and 10X for database deficiencies {UFp)) (U.S. EPA,
2021d). EPA identified women of child-bearing age as a sensitive life stage, based on the critical study, and
selected the corresponding DWI-BW. EPA calculated the final HA for PFBS using an RSC of 0.20, meaning that
20% of the exposure — equal to the RfD — is allocated to drinking water, and the remaining 80% is attributed to
all other potential exposure sources {U.S. EPA, 2022d}. There were ng¢ studies identified that evaluated
potential cancer effects after PFBS exposure so the potential for cancer effects after PFBS exposure could not

be evaluated.
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What are the HAs for the four PFAS?

. epidemiolegical studies.

PFOA Interim Updated Health Advisory — Input Parameters and HA Value

mg/kg/day U.S. EPA, 2021a. Draft RfD based on developmental immune heaith outcome

- (suppression of tetanus vaccineg response in 7-year-o Id children). Human

~ Chronic RfD 1.5E-9
" DWI-BW - 0.0701 | Lfkg-day
"Rs¢ 7 To2 T N/A

"U.S. EPA, 2019. 90th percentile direct and indirect consumption of
. community water, consumers-only population, two-day average, for children :
* ages 0 to <5 years based on 2005-2010 National Health and Nutrition

 Examination Survey {NHANES]).

e ———— ———————————— -_

.S, EPA, 2021a. RSC based on a review of the current scientific literature.

. PFOA interim Updated Lifetime Health Advisory = 4E-09 mg/L or 0.004 ppt (EPA 20223)

PFOS Interim Updated Health Advisory — input Parameters and HA Value

A :nic RfD

i 7.9£-09

. DWI-BW

“Vogror

Tijkgday

' mg/kg/day U.S. EPA, 2021b. Draft RfD based on developmental immune health outcome

(suppression of diphtheria vaccine response in 7-year-old children). Human

- epidemiological studies.

{1.S. EPA, 2019. 90th percentile direct and indirect consumption of
community water, consumers-only population, two-day average, for children
ages 0 to <5 years based on 2005-2010 NHANES.

"RSC

02

| N/A

- U.S. EPA, 2021b. RSC based on a review of the current SCIentIfIC literature,

. PFOS Interim Upbated L:fet:me Health Advisory = 2E-08 mg/L or 0.02 ppt {EPA 2022b)

Parameter Value

. Chronic RfD

Z ({ﬁﬁiﬁ

- Rst

Gen Chemicals Final Heaith Advisory — Input Parameters and HA Value

| 3E-06

_roz

0.0463

__;Nian

mg/kg/day U.S. EPA, 2021c. Final RfD based on critical liver effects {constellation of liver
: _ " lesians as defined by the National Toxicology Program Pathology Working :
- Group) in parentai female mice exposed to HFPO dimer acid ammonium salt
o __..._  bygavagefor 53-64 days

. L/kg-day

1.5, EPA, 2019. 90* percentlie two- d'a;y' éve;é_ge consumer ¢ only estimate of
combined direct and indirect community water ingestion for lactating

women (13 to <50 years} based on 2005-2010 NHANES.

L5 EPA, 2021c Based on a review of the current s suenttﬂc I:terature

PFBS Final Health Advisory —

Input Parameters and HA Value

- mg/fkg/day - U.S. EPA, 2021d: Final RfD based on critical effect of decreased serum total

Chronic RFD |3£ 04
|

OWI-BW | 0.0354

rRs¢  loz2

. PFBS Final Lifetime . Health Adwsory 0.002 mg/L or 2,000 ppt (EPA 2022d)

| i

L/kg dav

Source

thvroxine {T4} in newborn {postnata! day (PND) 1) mice after gestational
___exposure to the mother.

U.S. EPA, 2018. 90 percentlle two-day average consumer only estimate of
. combined direct and indirect community water ingestion for women of

_ childbearing age {13 to <30 years) based on 2005-2010 NHANES.

U.S. EPA, 2021d. Based on a review of the current scientific hterature
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Application of Health Advisories to Different Exposure Scenarios

Because the critical effects identified for PFOA, PFOS, and PFBS are developmental effects that can potentially
result from short-term exposure to these PFAS during a critical period of development, £PA guidelines support
applying the lifetime health advisories for these three PFAS to both short-term and chronic risk assessment

scenarios {U.S. EPA, 1891}

The lifetime health advisory for GenX chemicals used a chronic RfD from the final EPA toxicity assessment {.S.
EPA, 2021c) based on the critical effect of adverse liver effects in adults {parental females) from a subchronic
study {53~64 day exposure). In the assessment, a2 10X UFs for subchronic to chronic exposure was applied to
derive the chronic RfD {U.S. EPA, 2021c}. Because the critical effect identified for GenX chemicals is in adults,
the HA applies to chronic exposure scenarics. The HA was based on exposure to lactating women, an adult life
stage with the greatest drinking water intake rate. Application of the GenX chemicals HA to a shorter-term risk
assessment scenario would provide a conservative, health protective approach in the absence of other

information.

Consideration of Noncancer Health Risks from PFAS Mixtures O

EPA recently released a Draft Framework for Estimating Noncancer Health Risks Associated with Mixtures of
Per- and Polyfluoroalkyl Substances (PFAS) that is currently undergoing SAB review (U.S. EPA, 2021e). That
draft document provides a flexible, data-driven framework that facilitates practical evaluation of two or more
PFAS based on current, available EPA chemical mixtures approaches and methods. Examples are presented for
three approaches—Hazard index {Hl), Relative Potency Factor (RPF}), and Mixture BMD—toc demonstrate
application to PFAS mixtures. To use these approaches, specific input values and information for each PFAS .
are needed or can be developed.

The health advisory documents provide an example of how to use the Hl approach to assess the potential
noncancer risk of a mixture of PFOA, PFQOS, GenX chemicals, and PFBS {U.S. EPA, 2022 a-d}. A mixture PFAS HIl
can be calculated when health-based water concentrations {e.g., HAs, MCLGs} for a set of PEAS are available
or can be calculated. In the example, hazard quotients {HQs) are calculated by dividing the measured
compaonent PFAS concentration in water {e.g., expressed as ng/L) by the relevant HA {e.g., expressed as ng/L),
as shown in the equation below. Component HQs are then summed across the PFAS mixture to yield the
mixture PFAS HI, A mixture PFAS Hl greater than 1 indicates an exceedance of the health protective level ab
indicates potential human health risk for noncancer effects from the PFAS mixture in water. When compon
health-based water concentrations (in this case, HAs) are below the analytical method detection limit, as is the
case for PFOA and PFOS, such individual component HQs exceed 1, meaning that any detectable level of PFOA

“or PFQOS will result in an HI greater than 1 for the whole mixture. Further analysis could provide a refined
assessment of the potential for health effects associated with the individual PFAS and their contributions to
the potential joint toxicity associated with the mixture. For more details, please see U.S. EPA (2021e).

_ [IPFOAater] [PFOSwater] [GenXywater] [PFBSwarer]
= ( [PFOAy) ) ¥ ( (PFOS s ) ¥ ( [GenXyga] ) ¥ ( (PFBSyA] )

Where:

HI = hazard index;
[PFASwater] = cOncentration for a given PFAS in water;
[PFASHa] = the HA value for a given PFAS
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Where can | find more information?
To view the HA documents, go to: https://www.epa.gov/sdwa/drinking-water-health-advisories-has

To view the PFAS Strategic Roadmap: EPA’'s Commitments to Action 2021-2024, go to:
https://www.epa.gov/pfas/pfas-strategic-roadmap-epas-commitments-action-2021-2024

for information on drinking water, go to: WWw.epa.gov/safewater
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EXHIBITION
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WHAT ARE EXHIBITS?




WHAT KIND OF PLATFORMS?

g

LLLELARR!

EXHIBIT PROPER PROGRAMMING TRAVELING EXHIBIT

SOCIAL MEDIA

WORKING AS A TE
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EXHIBIT TEAMS

ADVISORY

TEAM

WHO’S ON THE CORE TEAM?

EXHIBIT
DEVELOPER
PROJELCT
MANAGER

O



WHO’S ON THE CORE TEAM?

E
_?:.!-J!l -
A
u 5]

MEET THE OUTBREAK TEAM

WHO'S ON THE CORE TEAM?

- EXHIBIT DEVELOPER
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WHO’S ON THE CORE TEAM?

PROJECT MANAGER

Faciitares all team communication; sets
.||5-!':|II.|'- and festings; ac Iz a3 a priage
bertwrzn vanous project playen

WHQO’S ON THE CORE TEAM?

WRITER



WHO’S ON THE CORE TEAM?

WHO'S ON THE CORE TEAM?

£

EDUCATOR .




WHO’S ON THE CORE TEAM?

CONTENT EXPERT

Prowides ehibit 66
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Daiaw E

WHO’S ON THE CORE TEAM?

NEW MEDIA FABRICATION

SPECIALIST POINT OF CONTACT
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WHO'S ON THE APPROVAL TEAM?

The approval team affirms that the
exhibit is credible and in keeping
with the mission of the museum.

Assiztant Director for Exhibitions
Assistant Directar far Education and Outreach
Assistant Directar for Communication
fAsz=ociate Diractor for Science

hakr of the relevant seionifi department

WHAT IS THE ADVISORY TEAM?




DEVELOPING THE

EXHIBITION STRATEGY

WHO IS THE EXHIBIT FOR?

F._':I'lll.lf"_.E_ teEEns, ToUrisis, f::jiTHDISEFufE?
What are their needs, wants, interests?
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WHAT WILL THIS EXHIBIT DO?

PROVIEE F I1'I MNTERAL I'I'|

g

IMMERSE IN AN ENVIRONMENT

COMMUNICATE IDEAS

DEVELOPING THE
EXHIBITION SCRIPT




PRINCIPLES OF EXHIBIT WRITING

T et W e b T
exhibition is We write for oLl e make the

Pl - ~E ~nfar | P
not the same as VISIOTS; NOL T contani retevant

reading a book. colleagues. to our visitors.

WHAT CAN YOU EXPECT
FROM YOUR WRITER?

Your writer will advocate for engaging stories and
accessible text,

Your writer will collaborate with you
Your writer will ask you a lot of questions
Your writer will challenge you

Your writer will depend an you for scientific accuracy. You
can depend on your writer for clear and engaging text



HOW MANY WORDS DO WE GET?

_GALLERY TITLE & TEXT
au-TE worch Tewe ther 50 w hewl

HOW MANY WORDS DO WE GET?
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SCRIPT EDITING: TEXTUAL & VISUAL

BEFORE

DEVELOPING THE
EXHIBITION DESIGN

=BG=

O



VISUAL COMMUNICATION

USING DESIGN TOOLS TO:

LIGHTING

NTENDED AUDIENCE

PRYSICAL LAYOUT
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GRAPHIC DESIGN

INSFRATEO R REFERENCE INAGES

GRAFHICS SPECIFRCATEONS

TONTS

IMPACT LABEL
SANCHEZ
Alegreya Sans Beguiar

Algareys Sans talk

Alegreya Sans Bold

PRETTY PICTURES AND MORE

RENDERINGS : @ 4 - Te :
- o i =i s O
¥ e~ e s - I'e &5 4 T s -

1800-167T0s



EXHIBITION DEVELOPMENT =
PROCESS

PHASES OF EXHIBITION
DEVELOPMENT

Ff "CEEIF'
655 F'F
[E JF L I

E"RF SRP
EIE 4
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PHASE 1

STATEMENT OF PURPOSE & CONCEPT DEVELOPMENT

PHASE 2

DRAFT SCRIPT & 35% DESIGN DEVELOPMENT




PHASE 3

FINAL SCRIPT & 65% DESIGN DEVELOPMENT

PHASE 4
FINAL DESIGN
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PHASE 5

PHASE 6

L)

_92_



WHAT HAPPENS AFTER
OPENING DAY?

PUNCH LIST
EVALUATION
MAINTENAMCE

UPGRADES

C

ARE YOU READY?
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217,
E 3
VT4

SR RIEEYIPL
Smithsonian Institution
BRIAL B SR FE SR A BE

National Museum of Natural History

SHILEE - B EEED
Chun—-Hsi Wong, Architect

TEEIEE

Associate Director for Operations

NMNH - 1910




H 2R SR AR SE M S
NMNH Architecture History

ABE (Main Building)- 1904 - 1911
WAH (East Wing)- 1961 - 1963

PafE (West Wing) - 1963 — 1965

L &m 5 (Central Plant) - 1991 -1993
HiliE (East Court) - 1997 — 1998

78 £ (West Court) - 1998 - 1999

NMNH - 2000




= PN S A BE 22 [H]
NMNH Areas

122600 m2 Total Net Area
28800 m? 4xIt7E ]« R EE 78 [5] (Public/Exhibits Space)
43650 m2 %« Wik 22 [ (Research/Collection Space)
17650 me #4552 (Administration/Office Space)
32500 m? &5 L FF 2=/ (Building Support Space)

R SR AR A
NMNH Population

WEE - 144 5E B (5 Million Visitors/Year)

4%k 7+ 155 % (Foreign Visitors)

73% % B/l (Out of State US

Visitors)

13% A2 HE a1 Hb (50 5 % (DC Area Visitors)
TYEANB/ERET/ENR - 1200 A
Staff/Volunteers — 1200/day
2R R - 14E- 1851 F A
Official Visitors/Resédrcher — 10000 per year
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A View Inside
NMNH

Carol Butler

The Big Picture —We
are mission-driven

Migsion

Vision

o [inderafamng the nalural workd amd o ol

= Science Themes, Initiathves, Priorities

QR




Our Collections — 148 Million;
High Research Use

Biotagy (Botany, Entomology, Invertebrate and Vertebiate Toology)
Geology (Mineral Sciences, Paleabiology)

Anthropology

Giobal

Crrighns of the solar system to today

Earliest pre-date the Smithsonian

Fressrvation types = Ory, Flukd, Archival, Frozen, Siide miounted

AL the museum, Museum Support Center, off-site agreements, loans
Humdrieds of publications each yEar,

Thousands of research visitar days

Millions of web hits for data, data portals

The History of Natural History:
The Kunstkammer or “Cabinet
of Curiosities”

Personal possessions
Curiosity

Power

Prestige and status; personal or
national pride

Wealth

Entertainment

Documentation of observations
Proof of phenomena and explanation




What is Natural History
NOW?

s Documentation of cbservations
* Future oriented
= Arfive

* Expectation of 100 yvears of
preservation

* Reliant upon high guality data
* Preservation of today and the past
* Responsive to sources, communities

* RESEARLH DRIVEN

{ng]

Why Museums
are possible -
PRESERVATION

* Agents of Deterioration
= Techniques

= Storage Containers

=100~




When Planning
STORAGE ...

* Agents of deterioration
* Ensuring Access

sustainahility — consider local
conditions; materials, practices

Expect increase

Initial costs and long-term use of
storage

=101

HOW we
Acguire
Collections

Donation

Field Collecting

Transfer from US Apencies
Bequest

Propagation

* REGISTRATION IS ESSENTIAL




Costs of Collection
Management

* Labor
Scientific expertise
Skills
Ongoing maintenance

Associated infrastructure

Canditian
Guiding Plans and oy
Documents .
*» Collection Management Policy 2.
c

= Collection Assessment E L.

= Collection Stewardship Plan E— 3| :.:H

* Digitization Plan o)

Digi | -'“f | 1‘ i oo

* Physical Care Plan .

« Acquisition Plan il b

1 2 3 4 5 g

10
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Raising Awareness

* Exhibits

* Educational Programs

* School programs K-12

* Internships, Fellowships
* Professional Engagement

* S5cholarly Publications,
Presentations

Academic Research
Environment

* Funding

* Fellows

* Facilities

» Relationships, Partnerships




Current lssues

» Ethical Steawardsh [

Facilities, Staff

nee of O } |
larga museum in a far

As you plan

* What is the mission of your
new museum?

» What audiences will it serve?
1

* What is the museum’s scope ?

= Are your resources sustained?
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Thank You for your visit!

Best wishes for Success!
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