40th Anniversary Special Issue of Risk Analysis

Improving Health Risk Assessment as a Basis for Public Health Decisions in the 21ST Century

Elizabeth L. Anderson'’, Gilbert S. Omenn?, Paul Turnham'
H

Cr

Correspon@ing aughor: E.L. Anderson, 3755 Margits Lane, Trappe, MD, 21673 United States. Email:

w elanderson@exponent.com
1. Exponerjoo Diagonal Rd, Alexandria, VA 22314, USA
2. Departments of Computational Medicine & Bioinformatics, Internal Medicine, Human Genetics,
and Schoo Sf Public Health, University of Michigan, Ann Arbor, MI, 48109, USA.

Abstract m

One-fif through the 21% century, a commonality of factors with those of the last fifty
years may offer thi@lopportunity to address unfinished business and current challenges. The
reco clude: 1. Resisting the tendency to over-simplify scientific assessments by

reliance onsingle disciplines in lieu of clear weight-of-evidence expressions, and on single

quantitative pgint estimates of health protective values for policy decisions; 2. Improving the
separation and judgment in risk assessment through the use of clear expressions of the
range ofmhat bracket protective quantitative levels for public health protection; 3. Use of
comparativ achieve the greatest gains in health and the environment; and 4. Where applicable,
reversal of isk assessment and risk management steps to facilitate timely and substantive
improvem i lic health and the environment. Lessons learned and improvements in the risk
assessmen s are applied to the unprecedented challenges of the 21* century, pandemics and
climate cha beneficial application of the risk assessment and risk management paradigm to
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ensure timely research with consistency and transparency of assessments is presented. Institutions
with mandated stability and leadership roles at the national and international levels are essential to
ensure tim!y 1n!ergisciplinary scientific assessment at the interface with public policy as a basis for

organized f @ isions, to meet time sensitive goals, and to inform the public.

KEY Vﬂ)Ealth risk assessment; risk management; COVID-19, climate; policy
&)

One-fifth s the way through the 21% century, the health and environmental challenges of

Introduc

pandemics :te change could not be more compelling; both are extraordinary in scope. The

framework

sessment and risk management continues to be a useful framework for refining

in scientific knowledge to inform public health and environmental policies.

e novel approaches developed in the late 20™ century for evaluating scientific
information a aging risk so successful? What has been achieved and what unfinished business

remains? How can health risk assessment be improved to address the open issues of the 20" century

and face th!new challenges of the 21* century? The role of science in times of crisis is dramatic.

Th@ of this paper provide firsthand knowledge of the efforts that founded the fields of
risk assessm risk management. We helped organize the institutional efforts that ensured the
success of !Ek assessment and risk management policies and the outreach programs that informed

social aW acceptance.' In this paper, we reflect on experiences of the past to inform current

Science and Te€hmology Policy (OSTP), Office of Management and Budget (OMB), Regulatory Analysis
Review Group, the EPA Science Advisory Board (SAB), the National Academies of Sciences (NAS) Red Book
Committee, chair/Board on Environmental Studies & Toxicology, chair/Committee on Science, Engineering,
Medicine, and Public Policy (COSEPUP), chair/Presidential/Congressional Commission on Risk Assessment &
Risk Management. P. Turnham has 30 years of refining and applying RA as a basis for decisions under all
environmental mandates for national and international agencies.
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scientific and institutional challenges necessary to achieve greater gains in public health and

environmental sustainability.

In thi er we address the following six questions necessary to complete unfinished
business a ide a basis for public health decisions in the 21* century.
H I

1. @How can the fundamentals of risk assessment and management developed during the last
Qs inform current critical risk-related challenges?
2. an the level of cooperation built among federal agencies, the National Academies

cighces, and public/private partnerships be replicated and extended to more

S

ely respond to 21st century challenges?

0

an we balance the needs and independence of science in risk assessment with the

owers and responsibilities of decision-makers in order to make more scientifically

N

d and acceptable risk-related decisions?

5

0 y we more effectively use comparative risk analysis to advance environmental
1th outcomes thinking and analysis?

en should we re-order risk assessment and risk management to more effectively

M

address current environmental health challenges?

:

n the risk analysis paradigm be used to inform the challenges of pandemics and
@ change?

damentals of risk assessment and management developed

How

1

during t 0 years inform current critical risk-related challenges?

Lt

There appear to be similarities between societal awareness of the need for change in the mid-

20" ce now. Almost nothing happens without societal awareness and some expectation of

improvement. The public health approaches adopted in 1976 changed forever the scientific

foundations for public health and environmental policy decisions. This paradigm applied the

principles of risk assessment derived from earlier experience with radiation to a host of substances in
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the environment forming a basis for defining safe levels of exposure based on explicit weight-of-
evidence evaluations. These policies discarded the concept of zero tolerance, an expectation found to

be imp0551lle 0 acLieve and endorsed transparency in the scientific assessment process to address the

questions azard and quantitative methods to decide acceptable risk for public health

protection. gAsmdeseribed below, this bold paradigm shift followed mounting social engagement in

matters of he environment, and social policies.

>

Fo i ¢ publication of Rachel Carson’s Silent Spring in 1962, a generation was inspired
to focus omonmental and public health consequences of the industrial era and the need for
change. Millions of people marched for health and environmental improvements on the first Earth

Day in Aprj ublic attention was largely focused on what was regarded as an epidemic of

cancers an f that exposures to environmental, chemical agents were responsible. Concurrent
demonstrat T

otest the Vietnam War created an atmosphere of social involvement with

expectations t olvement could bring change.

perspective article “Whither Risk Assessment: New Challenges and Opportunities
a Third o ry After the Red Book,” (Greenberg, et al., 2015) the authors provided historical
context to address applications as broad as homeland security, transportation, chemical risks, risk
communic& L. and other pressing challenges for risk assessment scientists. To briefly summarize
relevant hi U.S. Environmental Protection Agency (EPA) and Occupational Safety & Health
Administrat HA) were formed in 1970. There was a wave of environmental legislation in the
1970s, witlitransformative amendments to the Clean Air Act (CAA) in 1970, the Clean Water Act
(CWA) W Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) in 1972, and the

enactment ge Drinking Water Act (SDWA) in 1974. Although these specific legislative

mandates ificant differences, a major theme was protecting public health with an adequate

margin gf . Modifying factors included balancing risk and benefits for beneficial use pesticides

under FIFRA, as Was long true for pharmaceuticals, and considering feasibility of control under the

SDWA. One provision stands out as health based alone, the CAA sections on setting National

Ambient Air Quality Criteria Standards (NAAQS). Various statutes distinguished between beneficial
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chemicals, e.g., pesticides. Twenty years later, in the CAA Amendments of 1990, a new strategy was
introduced for Hazardous Air Pollutants (HAPs), using Maximum Achievable Control Technology

(MACTM)WCd by a later risk assessment to ensure adequate protection of health. This new
strategy fo @ ost two decades of ineffective solutions to the well-recognized risks associated

with thesbumdemsefimationwide toxic substances in air; recognized but not easily well characterized by

complete erentS.

Ex@s for eradication of risk were embodied in the Food, Drug, and Cosmetics Act’s
1958 Food Xdditiviégs Amendment, the Delaney Clause, which called for zero tolerance of additives

intentionally introduced into foods that were shown to cause or be associated with the occurrence of

tumors in humans (Anderson, 1983). More than a decade later zero-tolerance expectations

for suspectgens were transferred to EPA with far reaching social and economic implications
for all subs bject to regulation under wide ranging statutory authorities, e.g., pesticides,
gasoline (c@ benzene and many other chemicals), and a multitude of pollutants emitted to air,

water, drinking water, or found at waste sites. In the early 1970s, the only scientific

evidence that ined the fate of a perceived pollutant, with focus on suspect carcinogens, was the
classification of tumors in animals or humans. If tumors were found in test rodents given high doses
of the chexg al, the zero-tolerance goal for non-threshold suspect carcinogens was applied in the
earliest decigi t EPA, 1971-1975. However, this zero-tolerance/zero-exposure goal was found to

be unachie as recognized that risks are accepted in everyday life and achievement of zero

tolerance f@F many economically important substances and source facilities would be seen as too

disruptive for longterm achievement of environmental goals and unnecessary to achieve public health

protective derson, 1983). It became clear that more common ground was needed.

W irst risk assessment guidelines were issued at EPA in 1976 and signed into policy,

they w etely novel (Albert, Train, & Anderson, 1977). The idea of risk acceptance was new.

Establishing dose/feésponse curves, comparing cancer incidence in animals or humans associated with

exposure levels for quantitative expressions of risk, was unheard of in the world of regulation, except

for ionizing radiation. Bioassay testing data to define dose response were limited. Remarkably, these
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approaches were adopted across all federal agencies, facilitated by the Interagency Regulatory Liaison
Group (IRLG) in 1980, and by states, academic institutions, and international organizations. To be
sure, them“es were not perfect, but they stimulated further scientific study, facilitated
evidence-b@sed depate, and formed the basis for regulatory decisions. Previously, expert panels had
been assembiedstemcview the results of epidemiology and animal bioassay studies and make a
qualitative ht about the agent’s potential to cause disease. These outcomes lacked clarity and

consistencyi often fhese panel decisions could be anticipated by knowing who served on the

o

committee.

S

In summary, in the mid-20™ century, science, policy, and a sense of mission converged to
create a pr k-based paradigm shift that proved reliable for changing course from an out of

control, po led environment. Today, the urgency created by concerns over present and future

1

pandemics ealth, environmental, and socio-economic consequences of climate change

converge tQldrike gk pectations that science can again help societies meet the demands for solutions

d

and co i jens worldwide.

How can the level of cooperation, achieved in the mid-twentieth century, that

was builM federal agencies, the National Academies of Sciences, and

public/p @ artnerships be replicated and extended to more effectively

respond E 21: century challenges?

watter half of the twentieth century, institutions to ensure continuity of scientific
leadership, with peimanence at the national and international levels, have been effective in providing
consistent and relagble scientific assessments to achieve significant gains in public health and the
environ{ce;s was achieved through timely interdisciplinary assessments, implementation
continuity, and checks and balances through scholarship and peer review. In 1971, many newly

formed institutions helped ensure the success of the environmental movement. Over the next decade,

EPA, OSHA, the U.S. Food and Drug Administration (FDA), the U.S. Consumer Product Safety
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Commission (CPSC), and the Food Safety Office at the U.S. Department of Agriculture (USDA),
assisted by representatives from the National Cancer Institute (NCI) and the National Institute for
Environmm Sciences (NIEHS) of the National Institutes of Health (NIH), joined forces to
form the IRegulatory Liaison Group (IRLG) and forge agreed upon guidelines for risk
assessien tmililes@fifice of Science & Technology Policy (OSTP) subsequently chaired an update of
the IRLG igy guidelines published in 1986. Their guidelines ensured consistency across

regulatory @genciegfin the U.S. and eventually across all states. Likewise, other countries and

C

internation izations adopted similar approaches for assessing health risks from exposures to
chemicals,mld “toxic chemicals.” In the U.S., other institutions were formed to support the
environmental sciefices, including the National Toxicology Program (NTP) to support testing
programs a ide an annual report to Congress on environmental carcinogens and the Agency for
Toxic Sub d Disease Registry (ATSDR), attached to the Centers for Disease Control and
Preventionmo investigate and declare emergencies at superfund waste sites and work with
local communities. International organizations likewise became involved in this rapidly spreading
effort to gain cOmsistency and advance the sciences of risk assessment. The World Health

Organi ), formed in 1948, organized the International Agency for Research on Cancer

(IARC) in !i65 and the International Program on Chemical Safety in 1980.

The of Science and Technology Policy (OSTP) earlier contributed the important

concept of racterization,” bringing together the scientific conclusions, the quantitative risk
assessmentifand the narrative about the nature, consequences, and treatability or reversibility of health
effects (Calkins, Dixon, Gerber, Zarin, & Omenn, 1980). In Section 4 we address the interface of
science arﬁt, which evolved from this emphasis on risk characterization. In Section 7.1 and

in Figure

@1 Academy of Sciences (NAS) was regularly called on to address scientific issues
in risk assessment™®’he most prominent of the time, and still a landmark document, is its report Risk

Assessment in the Federal Government: Managing the Process (1983), called “The Red Book.” The

ow the prominent place of risk characterization for the challenges of pandemics.

Red Book extended the EPA paradigm and the OSTP emphasis on risk characterization to explore the
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intricate relations between science and policy that inform us to this day. The controversies that
triggered the request to the NAS remain salient: formaldehyde from insulation, non-nutritive
sweetenMreservatives, asbestos, invisible air pollutants, lead in old buildings, and
reproducti @ . At the time the NAS/National Research Council (NRC) Committee on the
Institutienaisvieamsifor Assessment of Risks to Public Health (a.k.a., the Red Book Committee) met,
EPA had ch 150 carcinogen risk assessments of important agents in the environment and had
largely ad@ost through risk management, arriving at regulatory decisions consistent with its
statutory migsi protect health and the environment (Anderson, 1983). The novel EPA approach
of risk asMnd risk management was on trial; the Red Book endorsed these approaches and

further defined theiaradigm still in use today. EPA Administrator William Ruckelshaus highlighted

the reco gens of the Red Book during his return to EPA (Ruckelshaus, 1985).

Fu larship to advance the scientific methods used in risk assessment was assured by
the formati ntific groups and journals, notably the International Society of Risk Analysis and
its flag Risk Analysis: An International Journal, and the commencement of programs to

teach risk ass t and risk management in most major universities worldwide. These approaches

worked because they organized all known relevant science to lay out the weight-of-evidence that an
agent migl‘ge capable of causing disease and, if so, the quantitative consequences, relying on models

and extrapolais A persistent goal has been the development of biomarkers of early effects,

exposures, idual variation in susceptibility.

Th@ CAA Amendments of 1990 mandated a report from the NRC on “Science and Judgment
in Risk W’ (NRC, 1994). The report made a useful distinction between variability and
uncertainty? which are important in evaluating scientific studies of health effects and emission
pathways a ating the scientific assessments into risk communication and risk management.
The 19¢mandated the Presidential/Congressional Commission on Risk Assessment and
Risk Management{®vhich held hearings around the country and was influential internationally (EPA,
1997). The Commission addressed concepts like “bright lines” for exposures, individual variation in

susceptibility (long mandated by the CAA), challenges in extrapolating effects from rodent models to
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human populations, and examples of strong evidence from mechanisms of action that certain

chemicals produced serious health effects in rodents but not in humans. Furthermore, the Commission

{

called atterifion to chemical mixtures and proposed a creative means for proactively engaging

stakeholde @ ally from exposed publics.

Th

, accomplishments of the 20™ century included the adoption and refinement of

Cl

accepted scientific approaches to describe and validate evidence of health and environmental risks.
The future as set by establishing institutions clearly charged with various roles in applying

and advandifig fheSé methods to define public policies for risk management and regulatory decisions,

S

informing the public and inviting public participation, and advancing scholarship and guidelines to

U

inform int ionh of scientific evidence. Subsequent acceptance of these approaches extended to

all health ¢ and public health policy decisions. Health risk assessment guidelines have been

n

refined an d since 1976. Both governmental and academic institutions remain in place to

support andlle assessment and risk management efforts. Collectively these institutional

d

involve ssured the continuing acceptance and reliance on these approaches and have

extended publi fidence and involvement. During this period of accomplishment, it is notable that

W

the focus was on scientific leadership with far less emphasis placed on national and world-wide

political obfjectives.

£

To h look at institutional support in the 21 century is needed with a view toward

O

defining the tional roles necessary to meet current challenges. It is our view that

interdisciplghary scientific committees are not as quickly assembled to address challenges and report

g

out tim ndations today as in the past. Examples of past interdisciplinary committees

{

include the C Red Book Committee, the committees on Biomarkers from the NRC Board on

U

Environme dies & Toxicology, and the NAS/NRC Committee on Remediation of PCB-

diments (NRC, 2001). Another productive model, especially for the mobile sources
of air pollutants, been the private/public partnership Health Effects Institute (HEI), founded in

1980 with Archibald Cox as chairman and funded one-half by EPA and one-half by 28 manufacturers
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and marketers of vehicles. HEI has produced >260 research reports with independent critical reviews,

often examining the broader context of mobility and global comparisons.

Ang today’s challenges and going forward is the constitution of expert and advisory
committee 970s until recently, expertise dictated advisory committee appointments;
howeve’, cgrrently the source of funding often determines who should serve and who should not. The

basic princi he greatest gains in scientific understanding will come from those most expert in

an area, reg gg0f funding source, is useful in this regard. Critical review of all of the evidence is

essential. S€TenfistS\are taught that peer review and efforts to come together to seek the truth should

prevail. Of course, direct conflicts of interest must be disclosed and managed appropriately, as done at

the NAS, fi le. This principle is helpful to guide the selection of interdisciplinary expertise to
advise pub decisions.

Ins , institutional leadership, with permanence and national and international roles,
ensured th of the scientific approaches and methods necessary to define risk assessment and
risk ma t were so important to the health and environmental gains of the last 50 years.
Examplesd the fact that heavily polluted rivers are now swimmable, and air pollution has

greatly improved so that Los Angeles, Denver, Pittsburgh, and London are no longer plagued by

heavy smo&ﬁd limited visibility. To be successful going forward, similar institutional leadership will

be necessa@ess the looming and most significant issues of the 21* century, at present defined

by pandemi climate change.

-

How cMst effectively balance the needs and independence of science in
risk assessmeniwith the powers and responsibilities of decision-makers in order

to mak scientifically grounded and acceptable risk-related decisions?

Three statements address this question:

1. Science should not be simplified to ease the burden of risk management.

This article is protected by copyright. All rights reserved.

10



IMPROVING HEALTH RISK ASSESSMENT 11
2. Clarifying the blurred lines between science and judgment can facilitate decisions.
3. The evolving choices of science-based judgments are becoming too complex and
Mnncal specific for reliance on a simple set of agreed-upon judgmental choices (e.g.,

uman extrapolations) or to define single quantitative values for regulations and

m mpelieymccisions.

Dagl g Back to the Red Book in 1983, there has been a call for a clear distinction between
science andy t (Omenn, 2011). Dr. Roy Albert, the first Chairman of the EPA’s Carcinogen
Assessme CAG), would often comment on this; to paraphrase: “attorneys would like a

single answer because it would make their job easier. In fact, it is the responsibility of scientists to

express cle is known and not known and present the results as clearly as possible. Most often
the outco be a simple categorical expression for weight of evidence, nor can a single
quantitativ definitively establish safety.” Often the lines are blurred, and judgment to address
uncertaintyfis ed with scientific observation. The degree of scientific uncertainty must be
express idered in arriving at public policy decisions. Any expectation that science alone
can deliver si nswers all too often overburdens science, leading to prolonged debate and stalled
processes.

What Ieshe learned from oversimplification of the health assessment process

rather th ideration of the entire body of evidence?
Thi sf decisions at EPA turned first to expectations that science alone could define

safety and omplexity of the array of sciences involved could be simplified to rely on only
one or t es. At that time, for suspect carcinogens, decisions relied solely on whether an
agent coul!cause tumors in animals or humans, usually based on information from experimental

studies in r: non-threshold dose-response relationship was accepted policy, resulting in zero

tolerance fo ure.
The ea regulations of suspect carcinogens at EPA targeted several highly visible

substances. These decisions preceded the adoption of risk assessment; they rested primarily on

pathology and tumor classification, clearly an oversimplification. One example from the
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administrative hearings was the decision to cancel the registration for the important pesticides
aldrin/dieldrin and chlordane/heptachlor, which involved the testimony of several pathologists
(AndersMome saw only cancer, others saw no cancer, and some reported inconclusive
results. Eff @ made to refine experimental pathology criteria including use of blind coded
slides amgl mmitishead microscopes through which multiple pathologists might reach consensus, but
they all faigso. The fact is that there is no repository of infinite wisdom for such scientific
conclusion‘ Unde’tanding the complexities of the potential public health burden from exposures to
these subst uired consideration of much more than pathology alone. This example illustrates
that, whereme scientific agreement on one element of a complex array of scientific
considerations is ts basis for important societal decisions, debate can stall the decision process. In

this instanic\ectation that a simplified set of pathology results alone, resulting in zero

tolerance, the basis for effective gains in public health failed (Anderson, 1983). Outrage

resulted frg w plified ‘cancer principles’ codified in the legal documents for these decisions

that basically defined a pathology finding in laboratory animal studies as a definitive definition of a

human carcino r regulatory action. These oversimplifications formed the basis for the creation of

risk ass risk management approaches. The intent of the original risk assessment
guidelines gas to lay out clearly the basis for determining the weight-of-evidence that an agent might

be a carcinogen and then to incorporate information about that agent’s potency and the exposures to

highly-exposed individuals as a basis for allowing the decision process to go

forward. T ation was that science and judgment would be clearly expressed. The resulting

decisio BfRough not perfect, attests to the success of this shift from reliance on a single

L

disciplinary*consideration to a complex set of considerations dictated by use of the risk assessment

U

paradigm. In searchl) of simplifications in risk assessment, we can still observe the practice of heavily
weighting si ciplines or factors while de-emphasizing others, placing an emphasis on

quantitati s while often ignoring the weight of the evidence.

A
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How can the Integrated Risk Information System or any single repository of health risk
assessment information, including cancer potency factors, and reference doses and
conceWivotal for public policy decisions, be improved to facilitate risk
managemen

htion that a database can provide simple “look up tables™ as the basis for complex
and costly tegulatgry decisions is likely to fail. This observation is based on several decades of

experiencehatedly record failures to move forward toward the greatest gains for public health
and the em@ when short cuts to simplify complex science are taken. Examples are reliance on

a single qumonsideration such as pathology, or simple letters to represent complex weight-of-
ions. The 1976 and subsequent EPA guidelines avoided simple categorical

evidence c
designation; the e§eption was categorical letter designations for weight of evidence defined in the

1986 @idﬁ:ﬂing lines between science and judgment to express a simplified quantitative

value pivo ly public policy decisions remains a current problem.

Foffat % he last decade or longer, the Integrated Risk Information System (IRIS) database
at EPA ﬁer review for failure to provide a single repository of timely, updated risk
assessment info ion for a vast number of substances as a basis for public policy decisions within
EPA an ~The NRC/NAS presented a review of IRIS in 2014 (IRIS, 2014). Certain high-

profile IRISydocuments took years to become final, e.g., dioxin.”

On ion can be found in a review of the original mission of IRIS that differs from the
current exp s that IRIS can provide a clear scientific departure for public policy decisions. A
second reaSn for the stalled process is reliance on IRIS as source for simple quantitative “look up”

values for incer wtency factors, and reference doses (RfDs) and reference concentrations (RfCs) for

non-carcin:his use IRIS is an oversimplification that places regulatory focus only on the

quantitativ as presented while ignoring the role of science and judgement from which these

* To date only the dlo:(in non-cancer IRIS assessment is final, with the cancer reassessment still pending. The

IRIS file, last updated in 2012, states “On August 29, 2011 EPA announced a plan to separate the Reanalysis of
Key Issues Related to Dioxin Toxicity and Response to NAS Comments into two volumes: Volume 1
(noncancer assessment) and Volume 2 (cancer assessment and uncertainty analysis). The noncancer assessment
and TCDD Rf{D are provided in this document. EPA will finalize Volume 2 as expeditiously as possible.”

This article is protected by copyright. All rights reserved.

13



IMPROVING HEALTH RISK ASSESSMENT

values are derived and the qualitative weight of evidence for hazard. There are several reasons for the
current conundrum. Initially at the EPA and in the NAS/NRC Red Book, judgmental factors were
deemedMnd methods for conventions to provide layers of public health protection were
Well—deﬁnpartly science and judgement-based conventions. However, over time, more
complemmmethedssfor addressing uncertainties have evolved (e.g., modes of action, pharmacokinetics,
and pharmhics), have resulted in a complex array of judgmental choices that lack agreement
based on c@ and uniformity. Often, these judgmental choices may be chemical specific,
which contgbu her to inconsistent assessment outcomes. The simple, past agreements to ensure
consistency er bound public health protection (e.g., a 10-fold safety factor for animal-to-

human sensitivity) iid not include many choices that vary amongst assessments and chemicals.

Blurred lin n science-based evidence and judgmental decisions that address scientific
uncertaint to err on the side of public safety, are often hotly debated. Today the lines
between soiende afid judgment are neither commonly nor clearly expressed, leading to prolonged

assessment results across program offices and, where inconsistencies did arise, to reach consensus or

justify diffSe:nces.3 The IRIS database was not intended to serve as a repository of cancer and non-

cancer info for public policy decisions across all EPA programs and extend well beyond to
support nat international organizations. Simply, IRIS was not intended as a repository of

wisdom thdf’could go unchallenged and remain up to date, especially where simple expressions are

the basis for a widgsarray of public policy decisions.

In s original assignment, today’s mission and expectation of the IRIS need to be re-

considered: considerations must focus on the fact that no single database can be expected to

* As chair o PA intra-agency risk assessment committee, ELA proposed, and the committee agreed to
establish this databas¢. In the beginning, all risk assessments were performed by the health assessment office
within the research arm of EPA but as regulatory program offices commenced their own assessments, it became
clear that different judgments across these offices were leading to different values of public health protective
levels for the same substance and that a database to ensure consistency or, at a minimum explanations for the
different outcomes was required.
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provide an always-up-to-date reference for quick and accurate classification of health endpoints and
quantitative cancer potency factors, RfDs, or RfCs to support public policy decisions. The expectation

that scien!llc assessment can be timely and simply available defines a mission impossible, one that

can stall th @ process.

A n STres separation of science and judgment within the IRIS files could go a long way
rli g

toward cla e weight-of-evidence and quantitative expressions of potency for the decision

process to d. Important lessons from carcinogen risk assessment can inform risk assessments

C

for non-ca en8. The same two important questions must be answered: 1. How likely is the agent

S

to have the ability to impact human health for any end point? 2. And, on the assumption it can, what is

3.

the magnit impact?

Asffor suspect carcinogens’ weight-of-evidence (hazard) consideration, the best evidence is

[

human evid cked up by animal bioassay outcomes, and supported by in vitro studies; next, the

a

same signa in multiple animal studies across species, strains, and sex, showing a clear dose-

respons ; then from studies that provide some , but lower, levels of confirming evidence.

Weight-o ce statements that accompany RfDs or RfCs in IRIS focus on assigning the level of

\Y

confidence for the selected study, not on the evidence that the agent associated with the critical end

F

point in tha¥irst place. Rarely do comprehensive weight-of-evidence statements accompany RfDs or

RfCs.

O

For suspect carcinogens, there is already recognition of an acceptable risk range between 1 in

h

1,000,0 0,000 (10 and 10™*), with no bright line at 10™*. However, there is no range

!

clearly RfDs and RfCs, but a range based on science and judgment is possible.

In complialice with the intent of the Red Book and past risk assessment experience, IRIS

U

assessments include weight-of-evidence assessment for all non-cancer endpoints (hazard) and

make cle ctions between science and judgment for describing quantitative outcomes that

A

express RfDs and RfCs as a range rather than a single number. The shortcomings of focusing attention

to a single number as the primary outcome from the non-cancer endpoint assessment have been noted

This article is protected by copyright. All rights reserved.
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by others (Beck et al., 2016). From prior history, transparent expressions of these factors could greatly
diffuse the controversies that stall the completion of single IRIS assessments and timely updates of
previouMs. Where further research can provide evidence-based science, judgments can be
appropriat Furthermore, transparent expressions of judgments may help clarify research
prioritias: Seiemsifie uncertainty clearly expressed within a range can facilitate the wide array of public

policy deciLt rely on these assessments, likely defusing some of the debate that stalls this

asSsesSMENEFEProces

Can evidancgrbdsed science be separated from judgment to clearly express risk

assessment outcomes?
We believ@that the answer is yes, the pursuit of this separation will improve the risk

assessment and more accurately deliver foundational evidence for risk management. First, we
observe th

amply prot st impacts of non-cancer end points has been challenged for some substances
lato

where regu

mption of the past that regulation of non-threshold suspect carcinogens would

vels are defined below those of suspect carcinogens. Currently, the attention

focused on the appropriate RfDs for a subset of per- and polyfluoroalkyl compounds (PFAS)

based o imation of science and application of judgment factors illustrates this point.

Thsexample of perfluorooctanoic acid (PFOA) is instructive, because, currently, different

recommended RfDs have been suggested by several advisory committees and regulatory agencies.

These diffe erive from the interface of scientific evidence with the use of precautionary

judgmem scientific uncertainty. The correct or most supportable value is a hotly debated
matter. orrect answer? Is it the lowest RfD/RfC, or are some committees’ judgments

better than !thers? Careful consideration of the reasons for the differences leads to differences in

selection of tal factors rather than in evidentiary science. The combined adjustment factors
result in lo approaching zero, reminiscent of zero-tolerance policies for suspect carcinogens.
PFO een extensively studied. In June 2018, ATSDR issued a major review of PFAS in

its Draft Toxicological Profile (public review draft) (ATSDR, 2018). ATSDR evaluated 17 health

endpoints form 271 studies of PFOA. Counting by study and endpoint, ATSDR indicates there were
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231 human study-endpoints and 244 animal study-endpoints.* Human evidence for disease causation

is inconclusive’; animal data have been used to derive RfDs and corresponding drinking water

guidancm\’GL s).

Ta&ses attention on the role of precautionary judgments used to derive the non-

cancer fefe es (RfDs) and corresponding DWGLs for PFOA by EPA, ATSDR, and certain
state public health agencies. They largely had the same scientific information available; their selection
of differentgriti ndpoints from different laboratory mouse studies account for 39-fold differences
in the poingfoflfcarture (PODs) used.® Additional precautionary judgments that lower the PODs to
levels deemed protective range from 100 to 1,000 for the total of the uncertainty factors. Notable is
the consist$ngst the previously defined, conventional judgement factors to address the
possibility ns might be more sensitive than animals or that human subpopulation groups

might be tive. In addition, a dose adjustment factor is used to account for differences in

e and volume of distribution between mice and humans ranging from 0.99x10™ to

(a factor of 1.7), which further lowers the associated levels compared to

traditional do stment from mouse to human (based on body surface area). The RfDs derived by
the different approaches range from 0.45 to 20 ng/kg-day, a 44-fold range. The relative source

contributiofiy factor (RSC), the fraction of the total exposure assigned to the source in question, drives

* These totals are the studies enumerated on ATSDR (2018) Figure 2-1. A study with more than one health

endpoint ex uld be counted more than once.
> ATSDR (20 8) summarized the human evidence thus: “Although a large number of epidemiology studies have
examine 1 of perfluoroalkyl compounds to induce adverse health effects, most of the studies were
cross—sechn and do not establish causality. Epidemiology studies have found statistically significant
associationsibetween serum perfluoroalkyl levels and several health effects, although the results were not
consistent a:'es. Many of the studies reported dose-related trends, but these trends were not as apparent
when comparing acr@s studies; some effects were observed in populations with background PFOA levels but
not in populati high serum PFOA levels. Given the inconsistencies, a weight-of-evidence approach was
used to evaluate whether the available data supported a link between perfluoroalkyl exposure and a particular
health effe ¢ into consideration the consistency of the findings across studies, the quality of the studies,
dose-resf@ase, afid plausibility. It should be noted that although the data may provide strong evidence for an
association, 11'd@€synot imply that the observed effect is biologically relevant because the magnitude of the
change is within the Tformal limits or not indicative of an adverse health outcome.” (Page A-3)

% The range of lowest observable adverse effects levels from different rodent studies and endpoints selected for
the scientific points of departure, expressed as serum concentrations, is from 970 to 38,000 ng/mL, a 39-fold
range. EPA 2016 would not have had the Li 2017 study, used by California (to derive the lowest DWGL and
lowest RfD), but the others could have.
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the protective levels chosen lower when applied in the final derivation of the DWGL; the RSCs range

between 20 and 50%. The resulting range of DWGLs derived by these committees is from 2 to 70

ng/L (a Mlerence).

Fo erization purposes, several comparisons are possible: margins of exposure
(MOEsfc n to other drinking water maximum contaminant levels (MCLs), and comparisons

for drinkin the EPA guidance level of 70 parts per trillion (ppt) is about 264,000 when

to levels for o e: non-threshold, well-characterized carcinogens. Using the EPA definition, the MOE
comparing fffic AniMal dose at the LOAEL to the human dose drinking water at 70 ppt (EPA, 2012),*
and 1,400 when comparing the drinking water dose to the human equivalent dose at the point of
departure nimal study (EPA, 2014).° The lower end of the DWGL range, 2 ng/L, is about
35-fold lomrily because of the choice of a different study for the extrapolation. Values in
parts per tr rare and low for DWGLs. For example, all values within this range would be
considered@e (estimated cancer risk range of 10 to 10®) drinking water levels for well-
charactemi mogens, ¢.g., benzene, arsenic, and vinyl chloride, and for PCBs (Aroclor 1254;
estimateﬁé\- range of 107 to 10™°), which have a half-life somewhat longer than PFOA
(ATSDR, ; Ritter, 2011)."°

Fir&l;i the PFOA (and other PFAS) drinking water standard and risk reduction plans are a

communication in many states. A clearer expression of science at the interface

" The RSC i to reflect the fraction of an individual’s exposure from the source, i.e., drinking water.
The DWGL€g directly proportional to the RSC.

¥ MOE i PA as “the ratio of the toxicity effect level to the estimated exposure dose. The MOE is a
ratio of tW@ct level to the estimated exposure dose. Uncertainty factors are used to determine the
acceptable Mlargin of Exposure. An acceptable MOE for a NOAEL/NOEC-based assessment is 100 and for a
LOAEL/LO: assessment add an additional factor of 10 to give an acceptable MOE of 1000 for a
LOAEL/LOEC-basef assessment.” EPA Sustainable Futures / P2 Framework Manual (section 13 Quantitative

Risk Assess ulations). https://www.epa.gov/sustainable-futures/sustainable-futures-p2-framework-

manual

’ The MO atio of the POD (in this case a LOAEL) to the actual exposure from drinking (in this case
drinking h 70 ppt PFOA). The POD LOAEL dose in the Lau et al. study used by EPA was
Img/kg/day; n dose from drinking water at 70ppt is 0.00000378 mg/kg/day (70 ng/L +1,000,000

ng/mg x 0.054 L/kg-day) the MOE is about 264,000 (1/0.00000378). Using the human equivalent dose at the
POD (Table 1) the MOE is 1,402 (5,300 ng/kg-day =+ [70 ng/L x 0.054 L/kg-day]).

' Cancer risk at 2 and 70 ppt based on scaling EPA regional screening levels for tap water are, respectively,
3.8x10" and 1.3x10°® for arsenic, 4.3x10” and 1.7x107 for benzene, 1.1x107 and 3.7x10°® for vinyl chloride,
and 2.6x107 and 9.0x10° for PCB Aroclor 1254.
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with judgment would facilitate both decisions and public understanding, a purpose that disagreements
about judgmental factors among committees cannot achieve. Bringing added importance, RfDs have
many apmMeyond drinking water. It is important to note that any published RfD, or range of
RfDs, for a will be used for a variety of risk management decisions, not only for setting a
drinkingswatemiv@l , which is also a risk management decision. Other uses of this RfD will include
setting clehs for Superfund sites, water quality criteria for rivers, streams, sediments, soils,

and safe leyels in fods.

C

In afy, decisions would be facilitated if the entire array of judgments could be

S

displayed, and risk management decisions judged to be adequately protective could be made

t

accordingl proach has been the case with carcinogens where a clear weight-of-evidence

statement is made. For application of quantitative judgments, a range of cancer risk

n

probability nge of 1 in 1 million to 1 in 10,000 (10 to 10™*) was defined by EPA as

acceptable 91). Defining ranges of acceptable risk around the judgmental assumptions for

cl

non-cargi uld be more transparent, would defuse debates about which judgements are the

best, and coul tly facilitate a multitude of risk management decisions. In addition, for risk
characterization, an MOE is useful for transparency and for placing various risk management

considerati@ns in context.

£

O

How ma e comparative risk analysis to advance environmental health

1

outco inking and analysis?

{

The sci s underlying risk assessment can be refined and beneficially leveraged to achieve

U

the most signi net gains from public policy decisions in two ways: 1) by setting priorities across
an array of ges and 2) by considering the net benefit of alternative risk management decisions.

In this para e focus shifts from consideration of single incremental risk to net risk

A

improvements, all with the goal of maximizing gains for public health and the environment.
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Although not a new concept, comparative risk assessment appears to have lost its original use,
that is in setting priorities for national and international agendas to maximize overall gains in public
health aIMnental improvements. Continued focus on small incremental improvements that
may take Ve and with limited public health and environmental improvement may be
redirectesl tosamsasmwhere the issues are urgent and where substantial gains may be expected. The
purpose ofhive risk assessment is to establish priorities for resource direction, institutional

focus, and <ientif;’ research. With more emphasis on national priorities, greater gains in public

health and mnental improvements can be expected.

As a basis for public policy decisions on specific issues, net risk benefit to society can be
consideredmomparative risk assessment, for instance, by comparing the risk reduction gained
by the ma alternative to the risk increase prompted by a range of different possible
decisions. ple, the NAS report A Risk-Management Strategy for PCB-Contaminated

Sediments mon endorsed a comparative risk assessment step. Before making a cleanup

decisio ociated with the decision should be compared with the risk associated with the

alternatives. risk reduction was endorsed as the most supportable public health basis for
defining a cleanup decision going forward. This guidance became part of the EPA regional directives
for these c]Snup processes. Sediments are a particularly well-suited topic, because there is lots of

disruption o vironmental site in any proposed cleanup, with potential adverse effects.

Additional anticipates that a comparative risk assessment be performed for the replacement

of altematiss Eo cancellation and registration decisions for pesticide products.

Wme, comparative risk assessment was controversial, in part because a common

compariso d for accepted risks was cigarette smoking, whose aggregate harm to the
population arms from most other exposures. Our construct is focused on risk reduction
alternatj in narrow categories of exposures and risk management actions.
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When should risk assessment and risk management be re-ordered to more

ef‘fective‘ add'ess current environmental health challenges?

Foelling issues, where a serious risk is evident, the complexities involved in first

defininggthaigisleiyth certainty can lead to prolonged delays. For large and compelling challenges,
moving theLlagement component forward, with detailed risk assessment of remaining risks to
follow, ma@e decisions and allow tangible and timely improvements in public health and the
environmemwas the case with the burden of toxic substances present in air nation-wide; the

risk concep as clear but data and methods to define the national risk for each air toxicant posed

an enormous hurd!s

Thgnce with HAPs is instructive. In the original CAA, these section 112 pollutants

that are su:

effects wetiated from the criteria air pollutants regulated by NAAQS under section 109.

The 1niti

ers and reproductive, neurological, or other severe. generally irreversible health

sment efforts focused on defining nation-wide risks for individual substances. For

suspect carcin , from 1976 forward, the scientific judgment applied linear dose-response to zero

b

exposu he statute required applying an “ample margin of safety,” even more than the

“adequate margin of safety” required for criteria pollutants. Debate over implementation persisted

£

throughout t 0s, with only asbestos, vinyl chloride monomer, and benzene put forward for
regulation e 187 HAPs originally listed. Moreover, vinyl chloride and benzene regulations
were deba way to the Supreme Court. EPA’s decision to shift priorities to other not-yet

regulate s rather than further regulation of vinyl chloride was upheld by the Court. For benzene,

uth

the Court i EPA to define what risk level would be deemed “adequately protective.” EPA

deemed ar, from 10 to 107 lifetime upper-bound risk appropriate, with 10* defined as a
presumpti level, i.e., no bright line. After two decades the CAA 1990 Amendments

introduced a tic solution for source categories of 100 HAPs: first, identify and require the

A

MACT by industry category, often dramatically reducing emissions and exposures; then within eight

years conduct a determination of “residual risk” to adjust standards to protect health with an ample
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margin of safety and protect against adverse environmental effects. The latest chemical to be proposed
for listing is 1-bromo-propane, for which EPA published a Federal Register notice on 18 June 2020.
This tW(Wach builds on the venerable practice of applying safety principles and available
engineering @ ogies to reduce risks of exposure “As Low As Reasonably Achievable,” which

originater immadiaion protection.

Af;er !" ears, MACT standards (step 1) have resulted in controls being installed on
thousands ources. The follow-up residual risk reviews (step 2) have been completed for

many HAP, eRategories.!’ These efforts underscore the heavy resource implications of trying to

S

write federal risk-based standards for diverse sources scattered around the country, with the inevitable

differences ure from site to site. Reliance on a risk management step before definitive risk

U

assessmen major success to what was termed “paralysis by analysis” by former EPA

t

Assistant A ator David Hawkins in 1981 in response to the book “Clearing the Air: Reforming

the Clean Act’ ave & Omenn (Lave & Omenn, 1981). In February 2018, EPA withdrew the 1995

d

“Once i ” MACT policy, leaving only the area source standards that had been set for

lower emitter

M

In summary, 21* century policymaking can benefit from assessments that include evaluating

the possibiligy that risk management may expedite improvements in public health and the environment

E

followed b tailed consideration of remaining risks to ensure adequacy and appropriateness of

Q

the chosen r

Auth

' See https://www.epa.gov/stationary-sources-air-pollution/risk-and-technology-review-national-emissions-
standards-hazardous
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How can the risk analysis paradigm be used to inform the challenges of

pandemils ang:limate change?

Thi (Byears of experience that has led to substantial improvements in public health and

the envigonmenigieach us that the following three components are necessary to meeting these 21*

century ch

1. @Socied endorsement and understanding that change is needed and feasible to

public health and the environment.

SCr

™

dherence to scientific guidelines to ensure systematic approaches for research to

U

su health and environmental risk assessments and provide an informed basis for

olicy decisions and clear public communications.

h

stitutional leadership to ensure appropriate, timely, and comprehensive

sC ¢ inquiry, consistency, and clarity of communication, including clear

d

on of strengths and weaknesses of the scientific evidence and overall

co ce in results.

\

Societal involvement in current 21* century challenges, seeking health, environmental and

social justi@€, is reminiscent of the societal stage set in the mid-20" Century and discussed earlier in

g

this paper. 50-year history, we observe that momentum depends on informed social

ove health and the environment.

O

acceptance

In regard, the risk assessment/risk management paradigm can provide a basis for

h

organizi , interdisciplinary inquiry and assessment to express what is known and unknown

L

as a basis for infofging the public and managing risk to achieve the greatest gains in public health and

E

the environment. Tgansparency is essential for societal acceptance and for allowing essential scientific

inquiry '-f-ﬁ tive public health decisions to move forward on both the pandemic and climate

change challenges.

Institutional leadership, both national and international, both governmental and academic,

remains a challenge; lessons of the past 50 years establish the need for clear mandates to institutions,
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with a degree of permanence, to engage the best interdisciplinary scientists to ensure successful,
timely gains in public health and the environment and the rightful place of science as a basis for
effective E*ISIOIIS. We find that the two great challenges of the 21* century are likely inter-related;

Wide—rangif climate change may play a role in pandemic occurrence now and in the

decadessto semes@iunreuther & Slovic, 2020)."

[

Pandemic
Th@long history of pandemics includes the 1918 virulent influenza that killed 50—100 million

people; the RS outbreak that was largely contained; the 2012 Middle East Respiratory
Syndrome virus (MERS-CoV) that infected 1,800, of whom one-third died; the 2014-2015 Ebola
outbreak in AfricaSmt killed 11,000; and a variety of pandemic influenzas in 2005, 2006, and 2009
that infecte s worldwide (Osterholm, 2005; NSTC, 2016). Viruses often exist without harm of
pandemic s; for examples, the Zika virus was discovered about 70 years ago in Africa but

had causemd disease and occasional outbreaks before dying out before outbreaks in 2015-

2016, a been known for decades but had previously infected no more than 500 people.
Moreover, the n Immunodeficiency Virus (HIV) was dormant in Africa for decades before
spreadi nd causing millions of AIDS deaths.

Th!number of outbreaks appears to have been increasing since 1980 (Smith, KF, 2014).
These outb lude new and re-emerging diseases with potential to cause impacts on public
health with

advances, fevere influenza pandemic could kill at least as many people as the 1918 pandemic and

bring abouF ﬁlob’ recession (Osterholm, 2005)."* The awareness of pandemics together with the

economic consequences. One analysis predicted in 2005 that, despite modern

historical i:ion and control of massive spread of such infectious agents as tuberculosis,

12 See ht .politico.com/news/magazine/2020/03/26/what-the-coronavirus-curve-teaches-us-about-
climate-chan 8

" World Bank. 2008 Internal reported cited in: Center for Infectious Disease Research and Policy. World Bank
says flu pandemic could cost $3 trillion. 17 Oct 2008. https://www.cidrap.umn.edu/news-
perspective/2008/10/world-bank-says-flu-pandemic-could-cost-3-

trillion#:~:text=0ct%2017%2C%202008%20(CIDRAP%20News,trillion%2C%20Bloomberg%20News%20rep
orted%20today
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measles, smallpox, polio, and chickenpox strongly support the need for effective strategies to manage
pandemic threats. No doubt, these strategies must rely on interdisciplinary scientific expertise for
emergencyﬁponse, global surveillance for zoonotic animal to human transmission, and longer-term
pandemic ent. A clear framework for assessing complex scientific information and directing
short- amgl lemgstemm research efforts is necessary as a basis for effective public health policies and
communich short-lived pandemics, emergency response and control measures may be

effective; h@weverfifor longer duration events, managing the continuing spread of infection while

C

awaiting effecti eatment and vaccines becomes more challenging. Well-organized scientific

S

national and¥fitefational institutional leadership is critical, especially for managing persistent viral

spread, as is the ca§e with SARS-CoV-2 and the resulting COVID-19 illness.

U

7.1.1 The n€ed for permanent institutional leadership
Th jomn! Academies represent a resource that does not have large swings in priorities or

£

risk mana ection often associated with political transitions. The website contains 51 study

d

and workshop reports from the past 20 years, and especially during 2020, directly applicable to

specific aspec azard identification, exposure assessment, and risk management for the current
detailed reports relevant to our example that follows about aerosol transmission

(Anderson, Turnham, Griffin & Clarke, 2020). Continuity in the government is desirable, as well, and

f

often is overseen by the Office of Management & Budget or the inter-agency National Science &

Technolog @ | (NSTC) led by the OSTP. We reviewed existing models for organizing

institution ional leadership to address pandemics.

1

In 20J 6, the Executive Office of the President created the Science and Technology Working

t

Group of' t (NSTC, 2016). The 2016 Pandemic Playbook laid out clear responsibilities for

Lk

executive partments and White House staff, including the OSTP and the National Security

Council he Working Group disappeared with the change of administration.

A

The curreif COVID-19 Advisory Group to the President, chaired by the Vice President, is
another model and is supported by existing departments within the federal government, prominently

including the NIH Institute of Allergy and Infectious Diseases, FDA, CDC, Surgeon General,
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Biomedical Advanced Research and Development Authority , Veterans Administration, Federal
Emergency Management Administration (FEMA), Department of State, NSC, and Department of
Homeland Security (DHS). Since the first committee met to advise the federal government on
bioterroris @ (EPA, 2004), the DHS has been assigned a special role to ensure the adequacy of
preparcgnecssafememergency response and surveillance. Currently for the SARS-CoV-2 pandemic,
DHS compLer questions and reports on evolving publications of research efforts in certain
categories @ across governmental agencies. In this current model, the focus is on disease
epidemiolo active public health measures to control public health impacts. Far less focus is
placed on a ensive plan to define and carry out research to answer the compelling questions
of risk assessment b inform interdisciplinary investigations of all factors necessary to guide further

research, p cy decisions, and public communications, e.g., all factors involved in virus

characteriz vival, and transmission.

Theg ez & odel of 2016 has the advantage that it provided leadership with cross-agency

the pandemic threat. Its weakness was that it anticipated more a need for

immediate pa response and management with less emphasis on longer-term interdisciplinary
strategies for addressing persistent pandemics. The weakness of the current Presidential Task Group is

that it is laggely reactive rather than focused on a coherent program for advanced preparation and

[

strategies th d be expected of a permanent agency or institute. Both lack mandated permanence

and well-d ssions.

O

Le8§sons learned so far from the SARS-CoV-2/COVID-19 pandemic suggest that a permanent

3

interdis ig8titution with cross-agency membership, supported by outside advisory groups,

{

e.g., the NASS ctive across international communities is justified for both proactive planning in

U

advance o mic and to manage a continuing pandemic. A permanent institutional approach can

pire needed research and supervise an orderly assessment of all of the evolving
scientific evidenc€%o inform public policy decisions, direct/coordinate short- and long-term research
needs, and inform more permanent solutions for present and future risk assessment and risk

management public policy decisions for evolving pandemic challenges.
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7.1.2 Interdisciplinary risk assessment and risk management paradigm: Science and Public Health
Strategies
Use of the risk assessment and risk management paradigm can bring essential scientific focus

to research in order to inform scientific assessment and public health directives. The first line of
defense ag ics is global surveillance for emerging infections, particularly evidence in
known &1@ and evidence of animal-to-human transmission. Mounting early risk-based
approaches to focus on science can provide an organized and sound basis for containment of the
pandemic deyelopment of more specific public health guidance to protect and prevent the spread
of disease. arlyy afid continued focus on infectious disease epidemiology is required to identify

populations at risk, define the characteristics of spread, and determine immediate control measures;

however o i ant considerations, e.g. transmission, most not be ignored. Immediate response
control me y employ blunt instruments of shelter in place, physical/social distancing,
disinfectiorl, tracing and quarantine of infected individuals. If the outbreak is adequately

controlled @ie—out, existing immunity, specific treatment, or effective vaccines, no further

charact be necessary. For SARS-CoV-2/COVID-19, better characterization of the virus

and transmissi ided by the risk paradigm, can keep the focus on scientific findings and eliminate
conflicting and confusing public health guidance that lead to varying degrees of compliance and often

fail to idengiify and implement more strategically focused public health solutions, while better defining

options to lipai ial and economic impacts.

For -CoV-2, effective reactive policies employed to date have deployed public health
control meSures primarily based on monitoring of newly identified cases, hospital admissions, and
mortalitW he absolute meaning of the numbers remains elusive, except perhaps for
comparisoglity statistics, because the denominators are difficult to define. The public grows

d

restless as economic stress continue. The risk assessment and risk management paradigm

accomng @ he search for effective solutions by structuring clearly what is known and unknown at
any point in time, Mentifying the most significant gaps in knowledge that can be effectively filled

with better scientific information, and informing the public of the reasons for various public health

directives.
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The risk assessment and risk management paradigm as applied to the continuing SARS-CoV-
2/COVID-19 pandemic is outlined in Figure A-1. Research falls into three primary categories: the
need to Eu*er cHaracterize SARS-CoV-2, treatment strategies, and vaccine development. Each of

these resea primary lines of inquiry that can be organized to direct and inform risk

assessmen tawimehmin turn informs public health policy and risk communication. Clear tracking of

progress ar&l is important for policy and communication purposes.

Fo@denﬁﬁcation, there is no doubt that this virus poses a hazard of illnesses and
death, but ms of inquiry remain open. Why is the virus so virulent in some, while other
infected individuals develop only mild symptoms or no symptoms? While age and health status
explain sormobsewations, much remains unknown. What specific lines of inquiry might best
contribute ? Centralized risk assessment approaches can encourage a highly structured,

scientific a o inform and advise.

Fomponse, there is only limited definition of infectious dose, but principles from

environ inquiry contribute the long-accepted principles that dose is duration,

concentr frequency dependent. For example, a brief elevator ride provides a far different

opportunity for exposure/transmission than a long dinner, a choir practice, or an eight-hour workday.

Yet today ls Bublic seems uninformed of these basic principles.

M @ ciplines are needed to identify and refine exposure/transmission factors for
policy and communication purposes, €.g. the role of duration, ventilation and other enclosure factors,
exertio aerosol size and delivered to respiratory tract), temperature, humidity, aerosol/air
transpm’He exposures (under differing conditions). Some of this information can be
obtained ea@example, temperature and humidity influence on organism viability and
implications for smission. From prior experience, we know that public acceptance and compliance
is great ed when the public feels included in the decisions and when the messages are

consistently supported by the latest scientific information.
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7.1.3 Use of risk assessment paradigm to investigate the evidence for aerosol transmission
We were the first to apply the risk assessment/risk management paradigm to the limited

questithial for small particle airborne aerosol transmission, as described in our

publicatio 1, 2020, Consideration of Aerosol Transmission of COVID-19 and Implications
for Public erson, Turnham, Griffin, & Clarke, 2020), now being reported in an increasing
I

number of sblications. The July 8, 2020 WHO response to a letter signed by 239 scientists calling
for acknowjidgefgnt of the importance of airborne transmission via aerosols is not necessarily a
debate that s e occurring in July 2020; note in October 2020 the CDC guidance finally

recognized| aiglborne transmission by aerosols as a compelling factor in the spread of COVID-19.

S

Earlier inv and assessment could have produced the needed information to inform a clear
decision fo health protection and explanation for public consumption, including a consistent

and well-a\!’culated policy for masks and considerations of enclosure safety (e.g., buildings, homes,

aircraft, andgsia shelter in place, if the wrong place could lead to greater spread.

In our ptiblication, we propose that the potential importance of aerosol-related transmission
may be inve within the risk paradigm. While this is primarily an exposure issue, it carries

implica ard identification and dose-response.

7. [@3.1 Hazard Identification: Can infectious aerosol transmission of particles less than 1

micron in di deliver infection to the deep lung alveoli and, if so, be a factor in rapid disease
progressio individuals and communities? If so, information about exposure history might
inform rapij ent decisions and remedial actions, e.g., mask use and infectious disease potential

investigations within buildings and under conditions where epicenters have been noted.

7. 8% e Response: What role does aerosol size play in defining dose-response, and

how would orm public health policies? How does dose response vary with aerosol and droplet

size? ame infectious larger bio-droplet-delivered dose to only the upper respiratory track

be less infectious than the same dose to the deep lung, for example, by aerosols smaller than 1 micron

in size?
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7.1.3.3 Exposure/transmissions Assessment: Answers to the following questions are
important to guide science-based public health policy, especially to containing the surge in cases and
deﬁningmw re-open the economy. Short-term research, defined within the risk paradigm,
can be dire w swer some of the following questions with the indicated importance for risk

managefefi@@A@PAblic policy decisions.

. hygis this virus so easily spread? This observation implies an important role for aerosol-
way transmission, as has been observed for other such infectious agents as
w and chickenpox. If so, risk management and public policies can better address a
i ge of issues for distancing, management of air and transmission control measures
j‘uildings, and mask use.
. @echanism can account for the spread of the virus by asymptomatic individuals? A
substantial role of transmission by asymptomatic individuals is now strongly implied
, Wang, & Schooley, 2020; Li, et al, 2020). The role of aerosol transmission is
upported. Risk management will require other means, especially viral testing, to
gand quarantine these asymptomatic cases with implications for defining age
group interactions. To prevent aerosol transmissions, mask wearing is clearly necessary to
Srotect one’s self as well as others.
. o the epicenters of outbreaks—for example cruise ships, certain types of nursing
ut not others, prisons, and disadvantaged neighborhoods—have in common that
!might guide future public health policies? For example, are certain types of buildings
I‘ enclg'lres) more infectious than others by design? Does shelter in place put some
als at greater risk in certain circumstances defined by housing? Risk management
lic policy decisions can benefit from short-term research to further elucidate these
rs as a basis for risk management of indoor environments and to provide guidance
for r¢®@pening the economy and schools.
e Overall, what is the role of air transport of infection by aerosol? Beyond the disease

model that addresses bio-droplets of >5 microns to prescribe 6-foot guidance, does the
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potential of longer air transport support additional guidance? For example, limited
weight-of-evidence can justify precautionary measures such as clearly recommended

Muse where the benefits are enormous, and the monetary or societal burden of
ation is small. If recognized early, can more strategically designed measures

= mpmemide protection while providing a safe re-opening for certain parts of the economy?

. h the effectiveness of certain types of masks? Are simple cloth masks likely to be
@ive as N95 or other medical grade protective means for the public? As the
mic continues, clear information and communication can reduce confusion and aid

1

public acceptance and compliance.

ASE information about approach and result under each topic in the risk paradigm can
inform sci ancement, the risk assessment process, public policy guidance, and information

for public understanding. Currently the DHS online effort to assemble all available publications under

a series of Broad questions of inquiry is helpful but lacks interdisciplinary scientific assessment to

img and significance of the evolving evidence. From our health and environmental
risk assessm ground, we note that public health decisions to regulate or not to regulate must be
made in the face of scientific uncertainty; better decisions rely on a careful and full assessment of all

of the evidSce; future adjustments can be made as gaps in knowledge are filled. The same

proposition advanced for this pandemic.

Afr ork for organizing what is known and unknown about SARS-CoV-2 in all respects
is needed t@address the surging spread of COVID-19, to better inform an understandably distrustful
public, M the re-opening of societal functions worldwide. The aerosol transmission issue is
but one of practical examples of risk factors to be addressed as a basis for further sharpening

the effecti public health guidance and for gaining societal acceptance.

Climatc<
Approaches to date have made some important advances world-wide toward recognition and

control of climate change, but effects continue at a pace that may be outdistancing improvements.
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Lessons learned from the dramatic reversal of environmental declines in the first half of the 20™

Century advise that more aggressive science-lead initiatives are necessary to address climate change.

In thi tion, we provide a brief history of current progress to recognize and address
challenges ange. From lessons learned in the past 45 years of health and environmental

progres?, s the following essential elements of risk-based strategies to organize and advance
progress. A tisk assessment framework can structure and guide effective strategies to achieve
definable eversing climate change where the magnitude and urgency of the risk is clear.
Emphasis iwto define risk management strategies that are socially and economically

achievable. To define and achieve these alternatives will likely require a paradigm shift to place

emphasis opti nagement solutions, in addition to regulation of emissions. This effort will likely
involve le empowering national scientific, interdisciplinary leadership to identify and guide
research, a ns to achieve risk-based goals while facilitating effective international solutions.
Finally, it ive to set timely goals for achievement, marked by landmarks along the way
(define i ssment), to clearly advise the public of progress and ensure societal support.

I3 al decades we have known that climate change and global warming present a serious

threat to the U.S. and the world. Science described the greenhouse gas (GHG) effect in the 20"

century, an@our ability to monitor global temperatures has improved dramatically over decades. Since

3

the late 19 scientists had been convinced that global warming is real and a significant threat.
In 1989 the vernmental Panel on Climate Change (IPCC) was established. In 1991 the National

Academiesgpublished a report recommending pre-emptive action for a triple benefit: reducing air

i

pollutio cts, relieving dependence on Middle Eastern oil, and reducing carbon loading that

t

would incr al temperatures with serious consequences (IOM, 1991). In 1997, the U.S. and

U

many othe es signed the Kyoto Protocol, committing to global reduction in GHG emissions.

A
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In the U.S. the Interagency Climate Change Adaptation Task Force, composed of over 20 federal

agencies and executive branch offices, was formed in 2009 (EOP, 2010)."

EP chieved many milestones in the advancement of climate change science and
regulation. EPA scientists shared the Nobel Peace Prize for their international work on
climateth . 009 EPA issued its GHG endangerment finding requiring GHG to be regulated
under the er actions included the GHG fuel efficiency standards for trucks and buses
(2010), a carbon pollution standard for new power plants (2012), updates to air pollution

standards f@r oilfaf@l natural gas (2012), and guidelines proposed to cut carbon pollution from existing

power plants (2014).

In Office of the President issued the Climate Action Plan, a multifaceted approach

to reductio!of GHG, involving many parts of the federal government (EOP, 2013). Three of the key

aspects Wewt carbon pollution, 2) prepare for impacts of climate change, and 3) lead

internation The plan included increased funding for clean energy and investment in energy
technol atives to carbon emissions. Recent discussions have highlighted five sectors of
particular d erciasepe, 2020):

1. Electricity/power — Implementation of renewable energy, need to address emissions from

L;i natural gas and develop clean energy standards.
2. rtation — Much progress on technology has been made by the auto industry (e.g.,
electric). Need for electricity and perhaps hydrogen infrastructure.
— A complex category, electricity, heat, chemical processes.

Hgs — Operational and “embodied” carbon (e.g., steel manufacture).

5. Agrictiiture — Carbon sequestration, biofuels and food production.

ul

'* These '4@ e following departments, agencies and councils: Agriculture, Commerce, Defense, Education,
Energy, Hea bHuman Services, Homeland Security, Housing and Urban Development, Interior, State,
Transportation, Treasury, Agency for International Development, United States Environmental Protection
Agency, National Aeronautics and Space Administration, National Intelligence Council, Millennium Challenge
Corporation, and the Council on Environmental Quality. See https://www.epa.gov/sites/production/files/2015-
12/documents/interagency-climate-change-adaptation-progress-report.pdf

'3 See https://www.epa.gov/history/milestones-epa-and-environmental-history
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In late 2015, 195 countries adopted the Paris Climate Agreement, which allows for setting
targets for GHG reductions and reporting of their results. It is universally recognized that
intematm—scale action is needed to combat and mitigate climate change, and that any

actions in @ lone would not be enough to curb the problem. Thus, international cooperation is

paramopnt S—
Muc een done in the field of climate science results from a broadly characterized, risk-
based und g of this serious challenge. Institutional knowledge is deep. What is happening to

the atmospli€rgf@andthe oceans is well-established and modeled for the coming decades, and what

S

must be done is known. So, the question becomes how to go about achieving effective goals to curb

U

climate ch urgent basis?

Th@ commonality of urgency and mission of the mid-20" century can inform the 21* century

fl

grand challe limate change. Like past challenges, climate change has both health and

environmengal quences. The risk assessment and risk management framework can be used to

a

inform grams. Addressing climate change requires a highly coordinated effort across

virtually ments, nationally and internationally. Also, close cooperation with industry and

M

other affected sectors is necessary. Efforts in developing technologies and economically beneficial

solutions t be made in parallel with development of new regulatory approaches that inspire and

3

facilitate management solutions to address climate change, placing risk management

O

solutions at ¢ front. The search for effective risk management solutions and re-formulation of

regulatory @pproaches that differ from chipping away at the issues through only regulation of

il

emissio at classic command and control regulation is not the only tool in the toolbox.

{

Risk com with the public is also an important part of the effort. The better informed the

U

public is, t ikely it is to understand and accept proposed changes and resist self-interested

short-te ted opposition.

A

Leadership is needed from strong and permanent national and international institutions. The
paradigm of risk assessment and risk management provides an effective framework for more clearly

organizing what is known and unknown to curb the alarming rate of climate change. Like worldwide
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environmental health risk assessment challenges, preparedness and response to climate change require

interdisciplinary scientific approaches.

{

P

If pr d global climate impacts are to be reduced, time sensitive goals need to be set with
a commen f risk assessment and risk management steps to make achievement possible,

with enﬂh , ¢.8., replacing fossil fuels in many industries with alternative, effective substitutes

el

while mitigating major societal disruption. Public-private partnerships may provide definable risk
manageme ns for dramatic reductions in fossil fuel reliance. Assessing improvements to

moderate ange by management of major causes suggests a role for reversing the risk

S

assessment/risk management step, similar to the example of the CAA regulation of HAP sources

U

where tech andards were applied and then followed by evaluation for residual risk.

Fortunatel =and solar-based alternative energy sources are becoming more efficient and much

n

more cost- ve. Of course, that comparison would be even more attractive if the full costs of
the environiner E urden of fossil fuels were captured in the cost comparison. Additional alternatives
might i ced carbon capture, sustainable forests, battery technology, fuel cells, and

possibly smal ced nuclear reactors (Perciasepe, 2020).

V]

Policy decisions to increase reliance on energy production from one form of fossil fuel to

1

another, foRgxample natural gas production from hydrofracking, run counter to the need for a

paradigm s er reliable, sustainable energy alternatives (Howarth, 2019). Although lower in

O

quantitative ance, methane can contribute a disproportionate warming impact compared to

carbon dioXide (a pound of methane has up to 80 times the greenhouse effect of a pound of carbon

g

dioxide tly, policy decisions need to address near-term climate warming impacts from

{

differing f:sources as well as shifting to alternatives. Impacts on climate change from near-

term releas ust be considered and controlled while implementing a paradigm shift to fossil

fuel alt e.g., methane releases from abandoned hydrofracking sites (Tabuchi, 2020).

Climate change has far reaching implications that include impacts on human health and spread of

infectious diseases. Similarities between the management of climate change and pandemics have been
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described (Perciasepe, 2020; Wharton, 2020; Liu, 2020; Bernstein and Salas, 2020). With regard to

COVID-19, the WHO states,

“IClL change may indirectly affect the COVID-19 response, as it undermines
en determinants of health, and places additional stress on health systems,
& n coastal regions. More generally, most emerging infectious diseases, and
almo recent pandemics, originate in wildlife, and there is evidence that increasing
hu sure on the natural environment may drive disease emergence. Strengthened
he ms, improved surveillance of infectious disease in wildlife, livestock and

humans, and greater protection of biodiversity and the natural environment would reduce

the i uture outbreaks of other new diseases.” (WHO, 2020)

Th! IPCC intends to report on its evaluation of links between pandemics (e.g., zoonotic

diseases) an pressures on the natural world to guide policymakers in its 2021 climate report
(Doyle, ZOmhallenges for risk management approaches share the common threads of urgency,
the nee tive, and the need for institutional, national, and international leadership to arrive
at meani tions to these problems.

Discussionclusions
W! EWlEe 21" century challenges such as pandemics and climate change require timely and
interdiscip:F' ary ST' ntific assessments to focus research agendas and guide public policy actions.
Unﬁnishedﬁ remains from the last 50 years of progress to protect public health and restore the
er to maintain critical scientific focus to meet these challenges, we recommend the

environme

followin

e Recogttize and take advantage of current societal attention and expectations for solutions,
reminiscent of that of the last half of the 20" century, to address the devastating impacts

of the current SARS-CoV-2 and future pandemic threats and climate change.
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e Rely on the proven risk assessment framework to guide near- and long-term research
agendas into the various unknown facets of COVID-19 which would ensure focused

Mmgation on a national scale to organize and effectively focus and supplement the
@ ing initiated by individual researchers. For example, short-term research to

B mamswempractical questions of transmission potential and virus viability and safety

[

s within enclosed spaces could be immensely helpful to strategies to limit spread

nd rez®pen schools and businesses.

C

e Major emphasis on developing new risk management approaches through new

3

f regulatory considerations and public-private partnerships to define and provide

es for a dramatic and timely shift from reliance on fossil fuels. Continuing climate

U

ange is not being sufficiently mitigated even though some progress has been achieved

N

y traditional regulations and agreements to limit emissions, primarily from the use of

els.

a

1slatively mandate stable institutions to ensure strong interdisciplinary scientific

ership for pandemics and climate change, similar to actions taken in the 20™ century

M

to ensure public health improvements and environmental restoration. For pandemics,

adership is needed to focus not only on emergency preparedness but also on long-

[

tional and international research and assessments to support the multi-faceted

O

S 1fic challenges presented by pandemics and climate change. Similarly, to

ramatically mitigate climate change impacts, coherent leadership is required to define

q

d programs with timelines; focused scientific risk-based approaches are needed

L

-dgfine the new directions and new approaches needed for timely progress.

consistent approach to scientific assessment and policy analysis for management

oth pandemics and climate that can define research agendas and assessments as a

AU

basis for public policy and timely progress to meet scientific goals for improvement.
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e Reframe the currently polarized science advisory board processes to ensure that the most
knowledgeable experts are convened to advise on scientific assessments; funding sources

Mant peer-reviewed research should not discredit important scientific contributions;
@ ritical review of all scientific information can sort the credible contributions to

m massembie the best and most supportable conclusions. Clearly, direct conflicts of interest

to protect a business interest or to secure repeat funding for academic research

re to Be avoided. Balance, expertise, and relevant scientific breadth brought together

Cr

peer-review should prevail. Historically this approach has served well.

=

NuUs

the impacted public of the scientific foundations for each policy decision or public
uideline with consistency and clarity. Public acceptance and compliance are best
chieved by meaningful public engagement, providing clearly articulated scientific bases

or public health decisions and guidance.

a

provements in scientific assessment at the interface with public policy to address
e unfinished business after a half century of achievement to protect public health and

environment. Over forty-five years of use, the risk assessment and risk management

M

framework has matured in many positive directions, but a drift toward simplification of

[

scientific assessments has resulted in misunderstandings and obstructions to

n-making.

I‘

ize that the complexity of scientific uncertainties should not be simplified to ease

n

ess of risk management and public policy formulation. Categorical expressions

{

ght-of-evidence can mask the underlying scientific uncertainty and blur lines

betwedh science and judgment. Weight-of-evidence statements for suspect carcinogens

Gl

are on and should be extended to qualitative evaluation of non-cancer endpoints.
orically, guidance for carcinogen weight of evidence evaluations have provided a
systematic assessment of data from human studies alone, human evidence backed up by

animal bioassay studies, and for combinations of animal bioassay studies. Similar
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guidance should apply to the relevance of signals from non-cancer endpoint

investigations.

. ize that quantitative measures of potency from dose response information for
cinogens and non-carcinogens have multiple applications for a wide variety of
- ?Npolicy decisions with varying societal impacts. Single expressions to reflect cancer
otency for suspect carcinogens and RfDs or RfCs for non-carcinogens carry
rable significance but do not reflect the range of uncertainties underlying these

xpressions; they often lead to prolonged debates that stall the risk management decision

S

. e science and judgment as originally called for in the Red Book from the National

cademy of Sciences. Express a range of values for RfDs and RfCs rather than a single

f

xpressing ranges of values can facilitate the assessment process, including IRIS

a

assessments, and allow decision processes to go forward. The common practice
applying agreed upon judgmental safety factors to account for uncertainties for humans

on signals determined in laboratory animal studies and for variation in sensitivity

M

among humans has become more substance specific. However, multiple judgmental or

nty factors that taken together markedly reduce RfCs and RfDs define a range of

]

, single-point values often below those identified for carcinogens.

G

risk characterization for each risk assessment that characterizes the context and

n

bleness of the results after application of a series of judgmental or selective

{

- Effective risk characterization can include comparison to suspect carcinogens,

valuesffor other similar agents, understanding of the nature and reversibility of harm, and

b

use argins of exposure.

° the use of comparative risk assessment to direct our resources to the most
important health and ecosystem threats. Achieving the greatest gains in public health and

environmental restoration has long been the foundational goal of the environmental
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movement and the policy focus of the regulatory process commencing with EPA in

December 1970. In addition, comparative risk assessment can ensure maximum net
MIS among alternative public policy choices for individual decisions. Currently,

@ tic consideration of comparative risk is most often lacking. Prolonged debates to
m maehiewe small incremental gains can divert resources from opportunities to make major

ments in health and the environment.

the steps of risk assessment and risk management for specific matters to achieve

Ccr

t beneficial and acceptable results, as was the case to achieve nationwide

3

ments from the burdens of air toxics under provisions of the 1990 Clean Air Act.

U

earlier to the widely recognized need for risk management can sometimes

e timely results with reduced resistance. For example, in the case of air toxics

N

assessment of residual risks following application of best available technologies.
Sit @ y, reversing climate change may rely on risk management focused on reduction of
missions from fossil fuels; cooperative and diligent pursuit of workable

ves can facilitate results. Public-private partnerships may facilitate workable risk

Wl

management solutions. A paradigm shift in regulations may be necessary to place

mphasis on solution driven strategies rather than those focused primarily on emission

[

10nS.

maintain scientific leadership on matters that are scientific. While risk analysis

0

as become more prominent, political intervention at the federal level in many countries

h

acrossghe globe has made it more difficult to ask good questions, find good answers, and

!

nt decisions based on science. It is not just the United States that has this

U

ge. Leadership is hard to establish in anti-science environments. The foundational
ciples of the risk paradigm articulated by the NAS emphasize the importance of

m ing an effective separation between risk assessment and risk management

&)

ensuring the integrity of the scientific, health risk assessment process.
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Figure A-1: Risk Assessment Paradigm to Address COVID-19
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