Downloaded via 76.221.82.21 on February 24, 2021 at 17:01:43 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

Skt

pubs.acs.org/est Policy Analysis

Moving from Protection to Prosperity: Evolving the U.S.
Environmental Protection Agency for the next 50 years

Paul T. Anastaand Julie Beth Zimmerman

Cite This:https://dx.doi.org/10.1021/acs.est.0c07287 I:I Read Online

ACCESKS Ll Metrics & More | Article Recommendations |
Environmental Protection Agency (U.S. EPA) a debt of gratitude for preserving, prot A

and defending human health and the environment for the past half century. As we celebrate

the 50th anniversary of the founding of the U.S. EPA, there are two truths about the agencydhatadedy: (1) U.S. EPA

and its people constitute a renowned agency that has greatly improved both environmental and public health in the United St:
and has served as the leading model for nations around the world; and (2) the approaches, tools, structures, and legal frame
that created the achievements of the U.S. EPA must eralvgrow to deal with the issues facing the country and the planet in

the next 50 years. Building on the creativity, innovation, and brilliance of individuals and groups working at the U.S. EPA over
course of the last half century, we present 10 recommendations organized in three areas: organization, paradigms, and strateg
tools. Underlying these recommendations are the frameworks of sustainability and systems thinking and guiding th
recommendations is the goal of evolving the Environmental Protection Agency to the Environmental Prosperity Agency.

ABSTRACT:The people of the United States and the world owe the United Stﬁ S E 5
] |

THE EP/S SUCCESS OF THE PAST 50 YEARS ] 1 T T "

The U.S. EPA was founded in 1970 during a time of politicaE 100 f k*,\
tumult and societal schisms marked by polarization and mz_c"g \\.7, = 1% 3
protests in the streets of America. It is appropriate, then, ‘& %[ \."\.4"\\ Aqa B
re ect on this institution in 2020, another time marked by € _ . | \ / \\ ®
political tumult and societal schisms marked by polarizationa . s ¢ \& 12 S8
mass protests in the streets, this time on a worldwide scale. 3 70 - Key .\\\ 1, 82

The environmental problems ideadi in the 1970s were gv @ Average Blood \’\ ?‘,
plentiful, egregious, and obvious in the context of unprec® *°[ T b\ 10 2
dented concermThis resulted in numerous pieces of bipartisar & | @ ledvsed N\ Hwo
legislation seeking to address the problems of air (the Clean . £ ©
Act), water (the Clean Water Act), and solid waste (the" ~ A ) A ) »
Resource Conservation and Recovery Act). The results of t 1976 1977 1978 1979 1980
past 50 years demonstrate thectiveness of these policies, Year

with measurable improvements in all three areas, and uItimate_I&/ dards led liel d in lead ¢
in public health (e.g., leadFiure J_2 Figure 1.EPA standards led to parallel decreases in lead content o

: . ‘o : soline and blood lead level of the average American. Source: U.S.
From regulatmg ve_hlcle emissions to.banmng the use of DD%?DA/Environmental Criteria and Assessmegeq)lgssf
from cleaning up toxic waste to protecting the ozone layer; from
increasing recycling to revitalizing inner-city bedes] the
EPAs achievements have resulted in cleaner air, purer water, gad essential role in advancing international environmental
healthier land. These successes have preserved health and $a¥gcttion.

lives. While there was and will continue to be debate around therhe Epas global inuence has been one of the Agemagst
economic costs of these improvements, as these dram%iﬁ)ortant yet least appreciated, foleam the Agenty

environmental actions were taking place, nevertheless the pae&iion to its ongoing work, the EPA, along with other sister
of economic growth and job expansion in the U.S. proceeded

steadily Figure 2.* )
Many of the approaches that EPA pursued in its early decadgge!ved: October 28, 2020

relied on command-and-control regulatory strategies to targetVised: January 21, 2021

discrete, measurable, and high-priority problems like watefcepted: January 22, 2021

contaminants and air toxins. The sciemtiodels, analytical

standards, and legal frameworks that emerged from these

programs were adopted by nations around the world and served
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Figure 2.U.S. trends in gross domestic product, vehicle miles traveled, population, energy consumed, carbon dioxide emitted, and aggrega
emissions from 1970 to 2d1¥ote: CQ, emissions estimate through 2018. (Sources: U.S. Greenhouse Gas Inventory Report; Gross Domesti
Product: Bureau of Economic Analysis; Vehicle Miles Traveled: Federal Highway Administration; Population: Census Bureau; Energy Consumy
Dept. of Energy, Energy Information Administration; Aggregate Emissiensir PBAutant Emissions Trends Data).

Federal agencies, served as a role model on environmental issueEMBRACING SYSTEMIC, SYSTEMATIC, AND
and lent its people and expertise to build similar organizations SUSTAINABLE SOLUTIONS

and assist in the development of the legal and regulatowhat would it mean to have an Environmental Prosperity

fram_eworks in th?S? countries. The EPA ha}s playedaastgnl' Agency rather than an Environmental Protection Agency? What
role in the negotiation of international environmental treatieg "~ ™\ orq “prosperity explicity meant that rather than
the response to global environmental disasters, and in g0 cting what is and what has been, we would instead strive to
sharing of scient and technical expertisthe EPAis amajor  ongre that not only are the environment, ecosystems, and
reason why the Unlted_ States has been considered (at least ygi phere thriving, but also the health and well-being of the
recently) a global environmental leader. society and economy that depends on them? And if there were

The EP/s successes of the past 50 years have begjective recognition and agreement that we want an EPA that
extraordinary, but the mechanisms used to achieve them &fges for more than simply attempting to minimize the ongoing
no longer adequate for future progress. From the organlzatloagynage to our planet and our health, what changes would need
structure of the Agency to the regulatory framework undefy tgke place in order to make this a reality?
pinning its decision-making, much of the focus of the work by The st step may be an explicit acceptance that the concept
the EPA is on problems, rather than solutions. Th&s EPAqf systainability is not a political agenda, but rather it is
emphasis has been on speenvironmental harms and how to fyndamentally about preserving the natural resources that are
minimize, mitigate, or limit that harm. Its guiding question hage only way to maintain a society that is healthful enough to
been: What is the maximal amount of emissions that can Behieve a healthy economy. Without the biological and
released into the environment to maintain some level @feological systems intact, in balance, and functional, it is not
predetermined harm that is tolerable from a political, social ap@ssible to maintain social systems that are just, peaceful and
economic perspective? support a vibrant economy. While the tHiyg#larg of

While this approach has resulted in substantial progressdiistainability are often cited as environmental, social, and
protecting environmental and human health, it is based @tonomic, itis more accurate to recognize that it is truly more of
media-speat and single-pollutant risk-based frameworksa hierarchical structure that a thriving economy cannot exist
Rather than askingfiow much harm is acceptablafd without a functioning society and society cannot exist without a
“How bad can we be and still maintain legal compliginee? healthy environmeht.
guiding questions for the next half-century need to focus on howThe second step is adopting systems thinking. The laws
to catalyze the Agency, its people, its partners, and igitten inthe 1970s and 1980s were understandably focused on
stakeholders to harness intellectual creativity, incentives, ahd air, water, and the land. But if one thing has become more
drivers for systemic, systematic, and sustainable solutionsohvious, as John Muir once notedhen we try to pick out
minimize or eliminate these harms. anything by itself, wend it hitched to everything else in the
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Figure 3.Recommendations on key areas to move EPA from a protection to a prosperity agency.

Universg’ As such, we must recognize that the focused yédtave multiplicative and exponential lsrte create greater
fragmented reductionist approaches to environmental proteesad more sustainable good than the action would have in
tion used in the past decades can, and have, worked well ifwlation.

obvious, egregious, and discrete problems like ubiquitous litter,

visibly excessive air pollution, and contamination of waterways RECOMMENDATIONS FOR AN ENVIRONMENTAL
so drastic as to make recreational use unthinkable. However, itis PROSPERITY AGENCY

wholly insu cient to deal with the challenges of the 21stThe portfolio of past approaches are in@nt to protect
Century. human health and the environment for the next 50 years. The
Todays challenges atevicked probleri§ *° far more  question we confront today is not whether the EPA has a history
complex, integrated, invisible, and insidious. As such, they mgishccomplishment that has led and hedepeople and the
be addressed by using apphea that understand the planet, but how to poise the agency for success in a world that
interrelationships and interconnectivity between air, watéias progressed sciectily, advanced technologically, and has
and land; or climate, energy, water, food, and waste; or toxigreased its knowledge of the interrelatedness and dependency
chemicals, emissions, health disparities, and environmerigénvironmental-economic-health-societal 18sues.
justice. While this complexity may seem daunting, it is alsowhile exceptional and innovative programs (e.g., Design for
potentially the greatest opportunity to transforrfetngron- Environment, Safer Choice, EnergyStar, Climate Protection
ment from an issue that is viewed as a cost to the economy Fartnerships, Labs21, etc.), have been introduced over the past
one that accelerates economic growth, from actions that divige years? they and the underlying approache® not
to e orts that nd common ground, and from goals that strive torepresent the vast majority of activity at EPA. However, learning
stop damage to aspirations that want to achieve progress. ¥égn the successes of these programs, and expanding them,
cannot eectively address problems in one area while ignoringould enable the Agency to adapt to be ready for the challenges
the interconnectivity of all of the other areas. facing us over the course of the next 50 years. Many of the
Using the tools of systems thinkingwill be critical in  recommendations below are building on the creativity and
solving this centusyenvironmental problems and the ¢gobe innovation of individuals and groups working at the EPA over
sustainability challenges. Climate change, for example, is kneWé1course of the last half century, and recognizes that these
to be inextricably linked to our energy infrastructure, which isxceptional @rts need to be provided with the funding, the
inextricably linked to our water infrastructure and to ousta ng, and political will to be institutionalized and systemat-
agricultural infrastructure, which is inextricably linked to oured.
economy, social structures, health, and well-being. These kindBhe 10 recommendatioriSiure 3, sorted by operations,
of connections are not merely useful in understanding cascadaradigms, and strategies and tools, seek to use the new levels of
nonlinear problems, they are essential in identifying cascadiagareness in sustainability and systems thinking to advance a
nonlinear solutions. That is, solutions that are discrete actiomspdel perhaps best described a&mvironmental Prosperity
but because of their leverage through connections in the systégency. This model moves the actions of the agency solely
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from the problem of controlling, limiting, reducing, and banningnental harms to cﬁzrenété)arts of the world and health burdens
harms to people and the environment to onethetly values  to di erent communities.
the solutions of creation, discovery, invention, and implementa-From Organizing by Environmental Media to Solutions-
tion of benecial sustainable products, processes, busineBgased Teams Matrikor the most part, environmental statutes
models, and systems. In this way, the EPA of the next 50 yeagidiress only one medium (e.g., Clean Water Act; Clean Air
not merely protects but improves the environment and publisct).® Two other major statutes, the Resource Conservation
health for all in ways that also advance societal and econoritl Recovery Act (RCRA) and the Comprehensive Environ-
goals. mental Response, Compensation, and Liability Act (CERCLA)
Operations. Mechanisms, tools, and organizational strucideally apply to releases in all media, but in practice primarily
tures are all put in place to advance the mission of ar@ddress only land disposal issUa¥hile environmental
organization and when they cease todsiee and reach the chemistry has shown that chemicals move readily between
point of impeding progress, it is time for change. By institutir@edia, the foundational U.S. environmental regulations do not.

changes to these operational structures, it can facilitate EPMany argue that controls on air pollutants, for instance, often
e ciency and impact. result in the discharge of the same chemicals into the land or

From Mission Corict to Mission AlignmenEPAs mission ~ Water without reducing the total number of harmful substances
is often perceived to be in cimwith one or more of its sister ~ released into the environmetfor example, the Clean Air Act
Federal agencies. Environmental regulatory restrictions di§@luires most utilities that burn high-sulfur coal to use scrubbers
costs have been viewed as icting with the Department of toremove sulfur dioxide from theie gases, but this type of air
Commercs mission to promote trade and create jobs, or th@ollution control produces three to six tons of scrubber sludge
Department of Energymission to advance energy production,’or €very ton of sulfur dioxide removedagrom tti€ laidustry
or the Department of Agricultisrenission to improve food deposits most of this sludge in ldsd” The limitations
production intensifyOften, these perceived ciats are more presented by this legal framing of environmental protection is

about methods, not missions, and theséotenan be avoided '€inforced and foried by the analogous organizational

by shifting focus to systemic solutions from individual problem%t.rudciyﬁagjtéhe EPA, with oes closely aligned with each

The EPA s part of a collection of Federal agencies thatall h . . .

their own mission. It is critically important that the pursuit of herés an old design Say"‘@mf' follows functidn The

these missions is at least additive, if not synergistic, and that thiky: EPA perhaps has that saying backward because at the
do not work against one another, diminishing tetieeness agency, function often follows form. Water standards are
of all. When the mission of the EPA appears to be iotauith reviewed and enforced not because they are the greatest threat

i human health of the environment but rather because it is
the mission of the Department of Commerce or the Departmeﬁ? :
. S L mply what the Oce of Water is legally mandated to do. The
of Agriculture, it is because of misguided and too-narro@ . . .
o o : L ce of Chemical Safety may recognize that the production of a
;Te]:lsss(l)?]rs]ibﬂﬁqltloofn?ﬁelnwmtee I|E_|x0eucsuet|\$ gzagcc?e,n::te 'znt(;]e new plastic will result in an extensive solid waste but it is not in
P y its organizational mandate to address those issues. Since EPA

Technology Policy, the Council on Environmental Qualltypersonnel have labored in an organizational structure where too

the Na}uonal Economic _Coqncn and the Nat|on.al Securlt¥)ften“form enables dysfunctioit js necessary to pursue new
Council to ensure coordination between the various Feder&l anizational models

agencies. While historically the EPA has participated in variou times of crisis, such as the 2010 oil spill in the Gulf of

coordinating eorts, itis of particular importance going forwardy,qyicq and the nuclear meltdown at Fukushima in 2011, the
that the EPA strengthen its capacity to form extensive b'late_’@lEA draws together all of the capabilities and perspectives across
and multilateral relationships with the other Federal agenci agency into the Emergency Operation Center. Together, all
and aggressively embrace coordination opportunities providgdine disciplines, skill sets, and resources of the agency’ are
by the Executive re of the Presidentin order to align agendascysed on the crisis at hah@ihis model is critically necessary
and priorities with other agencies and ensure that MIsSiYR. at a time when we have numerous environmental and
conicts are avoided. This will be tested as the Bideppjic health crisessome immediate and acute while others
Administration begins an aggressive dgémdedress climate  are slow and chroniemerging in real-time, such as climate
change using the full breadth of the Executive Branch. change resulting in wités throughout the American West;
the Department of State, the Department of Health and Humaghyironmental injustice and health disparities in communities
Services, and the Department of Treasury in engaging gloR@it are disproportionality poor and of color; and biodiversity
nancial/lending institutions that can drive changes totbeneresulting in degraded ecosystem health. While these crises may
the protection of human health and the environment in thge chronic conditions resulting in acute impacts, and unfold over
developing world. As our environmental problems have becoggars rather than days, they are also crises that require an
more complex and as scientists have documented the glopgégrated and cohesive response that incorporates all of the
transport of chemicals, global climate change, and transtents across the EPA.
boundary resource cacts, the need for international  The EPAs model must not continue to be fragmented,
collaboration and coordination has become increasingiyolated, and myopically aligned with half-century old laws. It
apparent and urgefitThis can and should happen on many must instead break down old organizational barriers to create
levels from the underlying data and science, to the subsequretv agile, rapid response teams that are capable of addressing
policy frameworks, to the institutional infrastructure angbroblems in the necessary time frame. This would require a
organizations. Beyond the need to address these challengesoasplete restructuring of the EPAs organizational hierarchy.
a collective global society, such engagement atsotlte Instead of oces that are a rection of outdated statutes, there
opportunity for systemic solutions rather than shifting enviromould be a matrix that ects the capabilities and resources
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within the agency. As problems are idshtand prioritized,  whether the costs of noncompliance do indeed exceed any
individuals from each of tleesource centérsvould be economic benés of noncompliance. This is a valid question
assigned to work on that problem as part of a multidisciplinabecause the vast majority of penalties remain modest. The
team. These may range from small strike forces of a femedian administrative penalties for the period 2008 were
individuals with the proper background for a short amount approximately: $550 for Clean Air Act violations; $7,850 for
time in discrete emergencies, to larger, complex teams that @ilmprehensive Environmental Response, Compensation, and
be used to focus on an ongoing issue for years. One can envidi@bility also known as Superfundolations; $3,000 for
that some examples may include longer-tems such as the  Clean Water Act violations; $7,200 for Emergency Planning and
Climate Change Mitigation and Adaptation Team, and th€ommunity Right-to-Know Act violations; $600 for Resource
Zero-Waste and Circular Economy Team, where immediat€onservation and Recovery Act violations; and $3,600 for Toxic
term focused @rts may be a Flint, Michigan Team, or a team toSubstances Control Act violatighs.
respond to a speci unintentional environmental release. Allof Further, a robust and systematic understanding of the
these eorts would bené from a matrix organizational deterrence @cts of environmental monitoring and enforce-
structure that brings together the full capabilities of the agenment across actors, plant characteristics, industry sectors, and
and allows it to more ectively leverage and interconnect with geographic contexts is lacking. This is compounded sy EPA
other eorts in localities, states, and other federal entities. @futstanding but still anecdotal and relatively small experimental
course, this activity could be decoupled from organizationalorts in voluntary programs and partnerships to understand the
structure and implemented while the longer-term process pbtential bends to improved compliance and pollution
reorganizing the agency is pursued. prevention. For example, rather than addressing problems
Paradigms. The way one frames a problem perhaps is thafter they occur, EPA has an opportunity to fundamentally and
single largest determinant on hovecéve the resultant systematically prevent harm. Science has recognized in the past
solutions will be in addressing the problem. The ability tdalf-century that all of the hazards (e.g., global, toxicological, and
envision a future state of environmental prosperity with physical) associated with the chemicals of concern come from
sustainable society and thriving economy is a function of otire inherent properties (e.g., solubility, volatility, bioavailability)
paradigms; the perspective from which we view the situationsthat these chemicals possess, rather than their use scenarios or
face. The past 50 years of the EPA have had a set of paradigither circumstances. Because of this, it is possible to now move
that should be rethought and expanded in order to catalyzeward regulating classes of chemicals that have these properties
positive impact. or combinations of properties of concern, rather than pursuing
From Permitting and Penalizing Harm to Preventing Harm individual chemicals one-by-one. More importantly, the pursuit
and Advancing WellnessPhe majority of the regulatory of molecular design rules for reduced hazard is something that
programs at the EPA work through a mechanism of settimgeds to be encouraged, supported, and implemented so that the
standards for pollutant levels or permitting allowable levels wéxt generation of chemical products and processes are benign
emissions. At the founding of the agency there was a realizatéoml benecial for people and the planet. In this way, EPA would
that, as a society, we needed to act quickly, so this approdghat the forefront of preventing harm, from a molecularbasis,
made sense. Yet many observers have questioned whether fiwnttamentally changing the nature of the chemicals and
allowances areextive in improving the environmérReople materials that make up the materials basis of our economy and
have challenged them on the grounds that they are not a morallyciety.
acceptable means of protecting human health and theFrom Regulating Chemicals, Waste, and Emissions to Life
environment because they do not eliminate pollution, mereycle ThinkingSimilar to the shortcomings faced by managing
set levels ofacceptable risSsee The Risk Paradigm). A complex environmental systems through individual media, there
regulatory tourniquet developed in the 1970s is not optimal f@re comparable challenges to the current approach of regulating
2020 and there needs to be mechanisms where the EPA drighemicals on an individual substance basis. By the time the
long-term solutions to and continuous improvement irJnited States Toxic Substances Control Act became law in
pollution prevention through sustainable design of infrat976, tens of thousands of synthetic chemicals were in
structure, products, and processes that make up our econossynmerce with no evidence of their safdtiye law gave the
and societ% EPA broad regulatory authority to require toxicity testing and
As is the case with other federal and state environmentalporting to determine whether the chemicals posed risks, but
health and safety regulators, the EPA iseeesand other the 60 000-plus chemicals already in commerce were grand-
penalties to businesses and organizations that violate its rufathered into the law on the assumption that they wet@ safe.
The EPAs compliance monitoring and enforcement prégram However, new chemicals were and are still generally considered
is referenced expressly in virtually every EPA enforcememt an individual basis, largely ignoring the sciamtder-
response and penalty pdficend endorsed in the EPA standing that classes of compounds can and do behave similarly
Environmental Appeals Board (EAB) penalty deciSibns. in terms of adverse impacts to human health and the
an average year, the EPA undertakes fewer than 22 G&@fvironment
inspections and 4000 civil judicial and administrative actionsHumans, wildlife, and ecosystems are exposed to a large
under multiple (and complex) environmental statutes for nearbyumber of dierent mixtures of anthropogenic chemicals via air,
eight million regulated entitie gt that rate, it would take over water, food, consumer products, materials, and goods. In
360 years for the EPA to inspect all of the currently regulatedidition, new chemicals and new applications of existing
entities. chemicals are continuously introduced to the maieice
These numbers emphasize the practical and pressitig current regulatory practice is largely based on consideration
importance of establishirg credible deterrent to non- of single chemical substances, the combined exposure to
compliance. The question remains whether the penalties amdiltiple chemicals raises concerns about ¢leesen health
sanctions are sgiently robust to deter repeakaders, and and the environment, including the underestimation of the
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potential risk$® The science of toxicology has advanced far Itisdi cultto overstate the role that the risk paradigm plays
beyond what was known in previous decades, while the wayat¢he EPA as a prioritization tool, a decision-making framework,
assess and manage chemicals generally$ias not. and a justication for regulatory and nonregulatory action alike.
Our current understanding presents an opportunity to changdie agency has used risk as the rationale for the overwhelming
the way we consider chemicals and waste from a regulatomgjority of it actioresven prido its codication in the landmark
perspective to one of materials and resources design aMational Academy of Sciences refitigk Assessment in the
management. It is not a new observation that there is no wastdi@deral Government: Managing the Pro¢Ess Red Book)
nature, but rather what is discarded by one organism or proc#ss1983:° So the question that arises after running the
is utilized as a valuable input by another. While the wasexperiment for 50 years is: Is risk the correct framework to
paradigm of treatment and disposal has spawned a whévern EPA actions? EPAscientists and risk managers have
industry sector over the past decades, there have been thougth@n at the cutting-edge of risk science since its inception, and
e orts at the EPA to move toward materials managéereht ~ are considered among the best in the world for environmental
advance the circular economy using the framework of industfiigk assessménbut the critiques of the approach suggest that
ecology?® Life cycle assessment has been around for sevel3g time required Igr a full risk assessment makes the approach
decades, and the EPA has been advancing the thinking and4gBgerously slo“One only has to look at the E®A orts

sophistication of lifecycle models and {6ukhat is somewhat {0 @ssess the chemicals dioxin, perchloroethylene, trichlor-
ironic, then, is that so many of the traditional statute-drivefithylene, and formaldehyde to understand the criticism; their
programs usually do not utilize life cycle thinking, reviews have been ongoing for literally dec4dksannot be

The O ce of Land and Emergency Management, with ir@rgued that risk assessment is as nimble or as agile as the mission
many outstanding innovativetiatives,  still orients’ the Of protecting human and environmental health require. The cost

overwhelming majority of its resources and focus on tH@'d time needed to construct a risk assessmertasigpi

traditional requirements of legacy waste cleanups only. THeAUCES its usefulness faative, formal agency acfion.
O ce of Air and Radiation as well as the€of Water in their erhaps the most serious criticisms of risk can be found in the

) : . - . U.S. National Research Couacileport,“Science and
operations, in 2020, still have the majority of theirtse . 39 . . v

X ; . X Dgcisions®” This report reinforces the idea that the
focusing on reducing emissions at the end-of-life stage only; reasingly complexpsciemtissues underlying risk assess-

. X . i
there'|s one th'f‘g that life cycle assessment has taught us, Pﬂlgnts exacerbate the problems that risk assessments are
that simply shifting problems from one life cycle stage to anoth(%J

is not sustainabl Cleani | e veloped to suppdrEurther, it is clear that the outcomes of
IS not sustainable progress. t.ieaning up ilegacy wasle ISSUes Wige, ssassment are rarely directly suitable for decision-making,

knowm{q dthat dpollgt':agts ang contarr:jmbant_s are Stgl Ibfe'ngnd so must be interpreted. Results efet studies of the
generate anl emi g. may be a gk;)o ' busIness moble or e phenomena often dot) uncertainties may be large; the
environmental remediation sector, but it Is ratt&e public  4ngitions under which health and ecosystem threats are studied

policy. . . . or can be studied) usually do not match the conditions of
EPA has described sustainable materials management Sest for public-health or ecosystem proté@tiﬂihese

systemic approach to using and reusing materials Mo§e erent approaches can yield émg results, and those
productively over their entire life cycleShis approach  qp icting results have contributed to concerns about the
represents a change in how our society thinks about the usesgfentic credibility of risk assessments and related risk
how materials are used throughout their life cycle, materials Gagpility of risk assessment to fully and adequately address issues
be used in the most productive way with an emphasis on usiggenvironmental justice and environmental health disparities
less, reduce toxic chemicals and environmental impagfSe to statistical limitations of its models.

throughout the material life cycle, and ensure we haiergu Itis possible to conclude that after 50 years of experience with
resources to meet todkapeeds and those of the futfiras the dominant risk paradigm, that it is necessary for a new
detailed in EPA Sustainable Materials Management réport, paradigm that:

more productive and less impactful use of materials helps our
society remain economically competitive, contributes to our
prosperity and protects thenvironment in a resource- , ) o ,
constrained future. By holistically considering the entire life * Provides sucient results for justifying action; and

cycle, from cradle-to-cradle, unintentionally shifting problems ¢ is well-suited and relevant to the challenges of protecting
from one stage to another or from media to another or fromone ~ human health and the environment.

geographic region to another can be avoided. This enables bettgtisk-based approaches have had successes in addressing part
decision-making to globally maximize environmental, economi¢ the problem in the past, but they are ill-suited to solvistoday
and social outcomes, rather than identifying local minima.  wicked environmental challerid@adays problems call for a
From the Risk Paradigm to Risk Plus Inherently systems approach that looks at a problem holistically to
Sustainable DesignUnderlying virtually every regulatory formulate sustainable solutions to environmental'i§$ues.
approach at EPA is the risk paradigm. Risk assessment guideghie EPA must move away from a risk-only framework to
policymakers on their decisions regarding how and when &nsure that protection of health and the environment is for
regulate, manage, and mitigate hazards. One of its most frequgdryoneo matter the size of your cohort (even if it does not
uses is to assess the potential hazards posed by chemicajgr®fide enough statistical strength to justify a modeling
concern in environmental media and consumer products. Besnclusion), no matter your socio-economic status, etc. This
these assessments, often decades-long and unwieldy, reguteehns embracing emerging tools to ensure sustainability and
fail to provide the answers and insights that policymakers nesglitability. While conceptual frameworks, models, and tools
to make their decisiofis. including life-cycle analysis, full-cost accounting, ecosystem

is timely and responsive to the mission it is meant to
support;
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services valuation, industrial ecology, biomimicry, greémthe paradigms operational, it is important that underlying

chemistry, green engineering and sustainable design, at@tegies and tools evolve and expand. A strategy is an explicit

circular economy were not even imagined in 1970, most haegpression of intent providing a blueprint for budgetinggsta

been well-documented in the 2012 National Academy gfrioritization, operations, programming, partnership, and

Science&Sustainability and the U.S. ERHAe Green BooK) implementation decisions. Tools are integral and essential to

and need to be fully operationalized into the decision-makirgnable outcomes that support a stratsggcess.

processes of the EPA going forward. As detailed in the reportFrom Command-and-Control Regulations and Cost-

there is growing recognition that current approaches aimedB¢net Approaches to a Full Toolbox of Incentives and

decreasing existing risks, however successful, are not capalilésiricentivesThe EPAs command-and-control approach has

avoiding the complex problems in the United States and globdbigen criticized that it:

that threaten the plaretritical natural rlesourcesland Fhat put . s unduly rigid, unnecessarily cumbersome, and costly;

current and future human generations at risk, including , ¢ is to accommodate astimulate innovation in

population grovyth, th? widening gaps betwgen_ the_nch and resource-ecient means of pollution prevention;

the poor, depletion ohite natural resources, biodiversity loss, ) o i )

climate change, and disruption of nutrient ¢/dfesther, the * falls to pr|0r|t|ze. risk management wisely;

tools for sustainable decision-making are advancing in develop® S Patchwork in character, and does not have a

ment and implementation while the potential economic value of ~ coordinated approach to environmental problems that

sustainability to the United States is recognized to not merely ~ SPan across dirent environmental media and often

decrease environmental risks but also to optimize the social and  ignores functional and ecosystem interdependencies; and

economic benés of environmental protectith. » reliesonaremote, centralized, bureaucratic apparatus that
From Environmental Injustices to Protecting the Most lacks adequate democratic accountability.

VulnerablePerhaps one of the most stunning examples of the while praising the ER#past accomplishments, critics of its
limitations of EPA approach to carrying out its mission are thecommand-central planning system maintain that, going forward,
instances where exposures to pollution and other environmenggl inherent limits cannot ensure sustainable environmental
risks are unequally distributed by race and socioeconomic clgsggress at tolerable social Tost.
Hundreds of studies conclude that, in general, ethnic minorities|n parallel, cost-berni@nalysis has emerged as the dominant
indigenous persons, people of color, and low-incom@rce for justifying rule-making and taking regulatory actions,
communities confront a higher burden of environmentadnd yet the analytical tools have been shown to be inherently
exposure from air, water, and soil pollution caused bjnited>®One of the main concerns with cost-biesrealysis is
industrialization, militarization, and consumer prattices.its reliance on tools likevillingness-to-payyhich introduces
These environmental injustices have resulted in a failure @nicant structural bias toward wealthier indivitfudlse
realize the promise ttatl people and communities are entitled approach to compensate for this faces the philosophical
to equal protection of environmental and public health laws anighitation that you cannot put a price on the priceless, and you
regulatior’$® and result in acute, chronic, and even inter-cannot quantify the unquaiatble, that is, health and life. The
generational adverse impacts to health and well-being in thesgt-bene framework futilely aims to compare public costs
already vulnerable communities. with private benés and private costs with public béne
Despite the best of intentions, the results of the past 50 yea@®gcent controversial changes to the underlying assumptions
are that the most well-on our society are the most protected only highlight how easy it is to corrupt the cost-banalyses
and the most vulnerable are the least protected. Governméyyt neglecting the co-betse’
agencies at the Federal, State and local level and municipathis is further compounded by the inherent assumption in
authorities need to improve their performance to ensureost-bend analyses that future health, life, and environmental
environmental%ystice, rather than contribute toward enviroystems are devalued through discounting. While currency is
mental injustice. This was mandated in President Cliston widely considered to iate over time, ecosystem services are
Executive Order 12898, which requires all federal agenciesdtsgraded through emissions and other human activities, which
take action to ensure environmental juSticeorder to stop make them more precious, and so more costly to protect or
unequal protection from environmental hazards, Dr. Bullard hpsocure over time. With continued environmental degradation,
recommended that the EPAlong with other government natural systems and the health and well-being that rely on them
agencies should guarantee the right to environmentalbecome more scarce and more precious. Therefore, any delay in
protection, prevent harm before it occurs, shift the burden aiction in protecting the environment results in greater costs,
proof to the polluters, obviate proof of intent to discriminategontrary to the models of neoclassical economics.
and redress existing inequities. The old adage 6#Vhen the only tool is a hammer everything
As important as mitigating the disproportionate share of tHeoks like a ndlilis often repeated in the regulatory world and
burden is ensuring an equitable share of thetbewben it there are those that simplistically believe that in regulatory
comes to the environment through the development of healttagencies, all you can do is regulate. Howevaisgheof the
and sustainable communities through new community par8PA is not to regulate, rather, regulation is simply one tool to
digms that are holistic and integrative, empowering antleet its mission. Over the years, the agency has developed other
equitable, inclusive and participatory, culturally diverse amgechanisms of education, awareness, regulatory relief, and
spiritually nourishing, economically just and regengtativevoluntary programs that have resulted in not only important
Thisis not just a responsibility to consider those living within thieenet to human health and the environment, but alsoteene
borders of the United States but tedively assist and enable the goal of mutual goodwill within communities that were often
nations where the need is greatest to realize this vision. at 0dds>*®The policy mechanisms for increasing the supply of
Strategies and Tools. To make the organizational innovation to realize systematic and sustainable solutions could
transitions most ective and to realize the visions presentednclude expansion of supplementary environmental projects;
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Figure 4 Diverging level of support for environmental issues by (a) political patigré® and (b) geography (represented by % of adults who
think Congress should do more to address global warming by county; survey includes data through®®arch 2020).

investment tax credits (through partnership with the Depart- For 50 years, the default value for how the EPA sought to
ment of Treasury); patent life extension (through partnershipurtail pollution and environmental damage was to internalize
with the Department of Commerce) for green innovations; anthe externalities: in other words, to make the polluters pay a
funding for research, development and demonsffation.price. This was done through command-and-control regulations
Demand-side opportunities include standards and eco-lab&t required permitting costsies for violation, and other
economic incentives, procurement and demonstration, as welpggitive measures. It set up a dynamic of winners and losers, that
information-based prograitts: This range of atexpanded  to be in environmental compliance with the law and regulations
toolboX to achieve environmental prosperity is an importanyould be a costly proposition from the perspective of the
step in EPA evolution. regulated community. This model would add no value to your
From Winners and Losers to Win-Wlinhas often been  business, to your farm, or to whatever endeavor you were
correctly noted that during the early decades of the EPA, tiéirsuing. It would merely add a cost, and this created
agency and its mission enjoyed enthusiastic, bipartisan supgb#tncentives to compliance. Said another way, it created great
and the accomplishments of the agency were implementediBgentives for noncompliance. , _
Republican and Democratic Administrations alike (e.g., thelt iS Possible to move away from win-lose scenarios, thus
Clean Air Act passed the Senate without a‘'siagleote). Yet  Provide the opportunity to create win-win scenarios. In the win-
in recent decades, a partisan split has emerged on the level/lf Scenarios, those in compliance gain great econontic bene
support for environmental issuggre ¥. and the environment beteand public healthimproves. There
Originally the EPA was universally viewed as bringingsbene!S @ business adage that sayien is an expense not an

to all citizens of the United States (clean environment anaxpense? Whenitis an investhBpturning the protection of

improved health). Now, however, the agency is viewed by SOﬁ{éwronmental and public health into a wise investment that

as taking away things that they value (water rights, land righlgcreases the bottom line and raises top line growth, there is an

. . IN¢entivizing of compliance and a disincentivizing of non-
freedom to operate their businesses and farms as thgy Seecompliance. This is mainly due to the fact that you do not need

This shiftin perspective is at least partially due to the regulatofrg legally compel or regulatory threaten individuals or

and command-and-control methods that the EPA ha . : L ; .
employed? The EPAs methods often specify that there is ainc;g;zz;?les to do something that is in their recognized self

problem that needs to be addressed, but seldom provideawayt&l;here are numerous examples where the agency has
address it. As the environmental problems become mo&n

- . fomoted this type of win-win scenario. The Design for
complex and distributed, the solutions to them become Moke,vironment program, launched almost 30 years ago,

phallenglngasfor the typical business person or farmer tcouraged people to develop new products and processes
implement*®” The burden has often been placed solely onpat were environmentally betiel and in the process created
the“regulated community o _ new markets that have been extremelyable, as manifested

The issues of the future will undoubtedly require innovatiopy the Safer Made ProgridiiThe Green Chemistry Program
of all types, including technological, policy, andSai@ise  established by EPA in 1991, has been adopted by nations and
innovations will most likely not be generated by the samgusinesses around the giéhed has led to the establishment
communities that have to abide by new regulatory standardsdiithe Green Chemistry in the Commerce Council (GC3) that
permitting requirements. The National Academy of Sciences fr 200 companies ranging from manufacturing to retail have
repeatedly reported that support for innovation through basjgined. Similarly, Energy Star, a voluntary enewgney-
research, demonstration, development, and commercializatigheling program operated jointly by the United States
can bring both environmental and economic tefieOf Department of Energy and U.S. EPA, was established in 1992.
course, these successes are further enhanced through puBligee its inception it has saved approximately 20 exajoules of
private partnerships between government, industry (includiemergy, and subsequently 50 teragrams of carbon emissions,
trade associations), academia, and/or civil sticiety. while saving homeowners and businesses money on their energy
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bills. Extraordinary programs such as these already implementéde range of applications from seeing emerging risks to human
by the EPA need to become ordinary and typical &f &Bvk. health and the environment to allowing fece#ve emergency
Itis only when win-win is the rule and regulatory command-andesponse in environmental crises; and (3) extramural research
control (the old win-lose framework) is the exception that @hat engages the environmental research community through
win win vision can be realized.. grants and cooperative agreement in ways that both provide

From a High Bar for Innovation to Embracing Sustainable research insights as well as maintain the pipeline of environ-
Innovation. Since there is deitionally a need for change in mental scientists necessary for the environmental protection
order to move from the unsustainable trajectory that we axgorkforce at all levels. In recent years, in addition to sustaining
currently on to a sustainable one, it is clear that innovations wsibni cant budget reductions, this crucial triad has become out
be crucial in this process. However, many of the protocols antibalance by focusing primarily on short-term actions. For the
reviews put in place over the years at EPA have put a high batlirs. EPA to meet its goals of science-based protection of human
place for a new innovation to be allowed in the market. Whileealth and the environment, a balanced science enterprise needs
this barrier to innovation is perhaps most well-known for things be restored.
such as new chemicals being introduced into commerce wherd@ he pace of scientiadvances over the past 50 years has been
they had to reach a higher risk standard than chemicals alreadyoundingly rapid, especially in many of ¢tds directly
existing in commerce, there are barriers which support thelated to the mission of the EPA. Advances in toxicology, data
status-quo also with regard to technology, policy, and scientscience, and sensor technology have gone through evolutions
methods, and the EPA must pivot to a culture where innovatidhat have, in some cases, created entirely new industrial sectors
is embraced while simultaneously ensuring safety. that did not exist at the founding of EPA. The process by which

When the EPA was established and the legal frameworks aeiv methodologies, new scianttechniques, and new
programmatic structures were put into place, there was @amalytical protocols are integrated into the work of EPA has,
Internet. We did not understand the human genome. Phonesrhaps, become even slower than it was a half-centty ago.
had dials on them and made phone calls, only. The innovatioBPA scientists and decision-makers are at times faced with the
of the past 50 years simply could not be imagined at the timefoflowing conundrum: use what they know is state-of-the-art
the EPAs creation. And yet many of the ways of doing businesgience but has not yet received all of the procedural approvals,
atthe EPA has stayed fairly true to what was established 50 yeansse the approved methods and protocols that they know are
ago. The EPA has spent 50 years implemefiialf-stratedy out of date. The process for reviewing, approving, and
of setting a regulatorgor below which we must not go. The implementing new science should at least be conducted as fast
other half of the strategy should be to drive continuouss the research that developed the new science.
improvement beyond regulatory compliance by promoting andThe scientic endeavor of the EPA has been fundamental in
supporting innovation. the successes of the past 50 years, the $ithce focus has

The EPA initially provided clarity and criteria to the privatdargely been on analyzing what has happened in the past (i.e.,
sector by communicating what instrumental analytical capeentamination or chemical spill cleanup), rather than trying to
bilities were necessary for EPA and the regulated communityiteprove the future (i.e., avoiding contamination or preventing
accomplish their environmental mission and measure enviraiemical spills). A Science- and Data-Forward EPA means
mental problems. In the process, EPA helped launch moving away from measuring, monitoring, reviewing, and
worldwide industry in analytical chemistry that touched mamgndlessly assessing the health and ecological problems of the
business sectors. In the same way today, EPA needs to provigdast in ways that contribute to regulatory paralysis-by-analysis,
statement of technological needs and criteria that will mobilized toward science and data for solutions.
the private sector to not merely assist the agency in There has been an information revolution since the creation
accomplishing its mission, but rather to innovate and providd the EPA, but there is a genuine question about botively
solutions to current and emerging environmental problems. the agency has utilized or beteel from the advances made in

These innovations may spawn new products and sectors in that revolution. Big data analytics have been implemented in
future, including building materials that preserve indoor afrigh-throughput screening at that 'EMational Center for
quality while enabling net zero energy buildings. Perhaps th@gmputational Toxicology for over a detaget the results
will yield next generation plastics and composites #rat o are not being fully and systematically utilized in agency decision-
superior performance than current materials and yet areaking. The ability to reduce regulatory burden from time-
renewable, degradable, or recyclahles supporting the consuming permitting and compliance cattons could be
“circular economyThe innovations that can emerge from (theoretically) practically eliminated using real-time integrated
clear market signals sent by ERAt measuring problems but sensor technologi€Distributed, networked monitoring of air
solving those problemsmay be beyond our current and water quality, as well as human and wildlife exposure levels,
awareness, but they can follow in the same path as previaoesild be achieved at a fraction of the cost with dramatically
innovations that protected human health and the environmeahhanced data quality using technology that exists today. To be
while also achieving economic prosperity and sustainable jobsequivocally clear, EPA scientists in thee@f Research and

From Regulatory Science to Data- and Science-Forward.Development and throughout the agency are respected as being
Overthe decades, the U.S. EPA has built a science infrastructangong the best in the world and are today develogng
This was based on a three-pronged approach of: (1) regulat@yproach methdtddNAMs) and exploring the exposome using
science that was focused on the sceerghalysis and state-of-the-science high-throughput methodologies. The point
assessment of data for the development and implementatisthat these scientists should be supported in allowing these new
of regulatory actions; (2) intramural research conducted irscientic advances to be fully utilized in all aspects of the EPA
house that, while directly related to the afgemeigsion,  mission.
maintained the broader research capabilities of the developmerh the coming 50 years the EPA will need to utilize the tools of
of new tools, methods, new insights that proved to be useful fottee scientic and technological revolutions that are happening
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today if the agency stands a chance at addressing the daunti@yAndrews, R. N. The EPA at 40: an historical perspéutke.
issues and challenges that we face in the years to come. Big Bayionmental La&Policy Foru@01Q 21, 223. _
analysis will be required to understand the trends and anticipafé) U-S. Environmental Protection Agerigys://www.epa.gov/air-
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