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Priorities for a New Decade: Weather, Water, and
Climate
American Meteorological Society

In order to prosper, the United States – its
government, businesses, institutions, and people –
relies on a wealth of physical resources. Food, water,
and energy are essential, as is a life-supporting
environment. Our future also rests on a bedrock
expectation: that we are resilient enough to survive
whatever the environment throws at us. Resilience
includes having advance warning of weather hazards
and safe shelter when needed. It also includes
knowing what to expect and how we might respond as
the byproducts of our technological success – carbon
emissions – act to warm and transform our
atmosphere, oceans, and biosphere.

All of us are vulnerable to the impacts of weather
extremes and climate change. Each person’s risk will
be influenced by where they live, socioeconomic
status, family and community ties, societal structures,
the presence or absence of racial discrimination, and
many other factors. No matter who we are, we rely on
environmental knowledge. Those who generate and
use that knowledge are accountable to the nation and
its people.

The United States benefits greatly from the world’s
largest assembly of specialists in weather, water, and
climate (WWC), working in federal, state, and local
government (the public sector), private firms,
nongovernmental organizations (NGOs), and
academia. Together, as a multifaceted enterprise, they
supply Americans with crucial guidance on the
behavior of the environment that shapes the lives of
us all.

The decade of the 2020s will see new demands placed
on the WWC enterprise – challenges that highlight the
need to protect and enhance the nation’s capabilities,
economic strengths, resilience, and equity. Ironically,
some of these challenges arise from technological
progress itself. Among these challenges:

• new types of data from new platforms

• the intersection of climate change and societal
change

• new sources of WWC information

• potential interference with WWC observing
capabilities and operations

These examples point to two pressing needs:

• to have the WWC information required to avoid
harmful consequences and enable new
opportunities

• to use that information as effectively as possible

Policy makers at local, state, and federal levels will be
hugely important in determining the extent to which
these two needs are met.

WWC information must be as accurate, complete,
accessible, and actionable as possible. The COVID-19
pandemic has brought home the enormous value of
having timely, relevant information at hand when a
crisis is looming. The nation must invest in the human
and institutional foundation that undergirds WWC
information so that the full spectrum of our people
and communities have access to the best possible
guidance on what to expect from our environment,
when to expect it, and how they can respond to it.
Increased diversity, equity, inclusion, and accessibility
are paramount to accelerating the advancement of
science and bringing the WWC workforce into
alignment with the nation’s population and its evolving
needs. Economic and social prosperity belong to a
society that understands and effectively responds to
Earth’s changing WWC conditions.

Environmental forecasts provide a range of value at
different time scales. At each of these time frames,
experts and stakeholders from a diverse range of
regional, social, institutional, and disciplinary
backgrounds must join forces to better understand
what people and communities need to know to make
the best use of advances in weather and climate
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guidance. The results could yield
benefits across the spectrum of
user needs and time frames, from
minutes to decades and beyond.

With this context in mind, the AMS
prepared the seven
recommendations below for
policies resulting in a strong WWC
enterprise equipped to support
services and research critical to
societal health and resilience.
Challenges to the implementation
of these policies remain, and their
implications on forecasts and
other services vary according to
the lead time. These
considerations are highlighted
below.

Evolving challenges

• New types of data from new
platforms.WWC data come
from the public, private, and
academic sectors, as well as
from NGOs. Each component is
critical to the WWC enterprise,
as are the ways that the sectors
collaborate and compete. This
is particularly true given the
rapidly increasing array of
observational systems now
being created and deployed.
These data have the potential to strengthen the forecasts reaching Americans and to enhance our broader
understanding of the atmosphere and oceans. By the year 2030, the national network of satellite-based
sensors used in daily weather forecasting will be due for an upgrade, one that could potentially draw on the
array of newly developed tools.

However, there is no overarching policy to ensure that data from these new platforms are as consistent and
reliable as possible, that forecasting systems can reap the maximum benefit from them, and that they will be
available over the longer-term time frame needed to assess climate variability and change. Careful and
continuous consideration of roles and responsibilities among the public, private, academic, and NGO
communities will thus be critical as capabilities, interests, and needs evolve over the next decade and
beyond.

• The intersection of climate change and societal change. Intensive observations and research over the past
four decades have shown that people are causing climate to change and that human-caused climate change
is dangerous and the consequences potentially dire. Global temperature hit record highs for three
consecutive years in the 2010s. Further warming is expected in the 2020s and beyond, from greenhouse
gases already added to the atmosphere and from additional emissions still to come. The latter will depend
greatly on choices made by society over the next few years.
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Climate change is not only altering Earth’s physical and biological systems but also affecting every societal
and economic sector, from infrastructure to agriculture to energy supply and demand. As one example,
intensified drought impacts can lead to large-scale migration across international borders, which in turn can
fuel regional conflict and instability. Those who are marginalized tend to be most vulnerable to the manifold
changes and crises triggered directly or indirectly by a changing climate.

In many parts of the nation, emerging climate trends are compounding societal stresses. For example,
persistent weather patterns atop rising mean sea level sent water above high tide in 2019 for more than
2000 hours in the Miami area, where real estate is already being affected by concerns about long-term sea
level rise. In Texas, record downpours produced by Hurricane Harvey in 2017 were consistent with global
trends toward intensified rainfall extremes, and the catastrophic floods that resulted were exacerbated by
sprawl in the Houston area. In California – where development has increasingly pushed into fire-prone
forests and where dry periods are increasingly accompanied by record heat – a string of wildfires in 2017-18
took an unprecedented toll in life and property. Millions of Californians were affected by utility power cuts
intended to reduce risk during fire-prone weather. Predicting and responding to such multipronged threats
will require new forms of collaboration and data sharing across sectors and disciplines.

Another task for the research community will be to ensure that efforts to address climate change work to
reduce rather than to exacerbate social inequities. For example, if not thoughtfully designed, a cap-and-trade
program that reduces total emissions across a state or region may allow the remaining pollution to become
even more concentrated in marginalized communities. With increased awareness, physical and social
scientists can work with affected populations to repair or avert disproportionate harms they may suffer,
whether from climate change itself or from efforts to address it.

• New sources of WWC information. The proliferation of smartphones and social media gives Americans
virtually nonstop access to information, and it lays the groundwork for weather warnings to be much more
specific in time and location. However, new forms of media can also make it more difficult for consumers to
assess the source and/or accuracy of weather information. This gap may lead to public vulnerability at times
when deadly weather threatens or when major decisions loom.

• Potential interference with WWC observing capabilities and operations.Weather, water, and climate
operations rely on the radio frequency spectrum to observe the Earth system (e.g., with satellites, weather
radars, and wind profilers) and to transmit crucial information. The radio frequency spectrum is a limited
resource, and competition for it is intense and growing, particularly with the opportunity to expand 5G
access. This competition puts WWC-related uses of the radio spectrum at risk. It will be extremely important
for decision-makers to understand and account for meteorological uses of the radio spectrum before
reallocation decisions are made.

How policy affects WWC services on different time scales

Predictions across the traditional weather-forecast window of about one day to two weeks remain
tremendously important to a variety of users. These forecasts can be improved and leveraged further in a
variety of ways – for instance, incorporating multiday rainfall forecasts more completely into flood outlooks and
water resource management.

Forecasts at other time scales offer their own benefits and challenges. Three illustrative examples are shown
below. This is not a complete list; other examples could be created for each time scale, from minutes to decades
and beyond.

• One to three hours. Our national investment in research and observations has paved the way for severe
weather guidance to extend beyond traditional 30- to 60-minute warnings into the 1- to 3-hour time frame.
Such guidance could lead to major benefits in preparation and safety. It also raises new questions. How will
people respond if they expect to have more than an hour to take action ahead of a possible tornado or a
flash flood? How can the probabilities and uncertainties inherent in such guidance best be conveyed? How
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can schools, workplaces, and other institutions act to support public safety measures in these extended time
frames?

• Weeks to months. Specific local weather forecasts cannot be issued with accuracy beyond about 10 to 14
days. However, many other types of outlooks have demonstrated accuracy over periods of weeks to months
(subseasonal to seasonal periods) when they are presented in terms of probabilities or likelihoods. For
example, some periods of increased regional tornado risk may be predictable more than three weeks in
advance. The progression of the Madden-Julian oscillation can signal enhanced probabilities of hurricane
development weeks ahead of time. The development of El Niño and La Niña events can provide months of
advance notice on which parts of the nation are most likely to experience winters that are wetter, drier,
warmer, or colder than usual. Utilities, agriculture, and other economic sectors already save money based on
such seasonal outlooks. How can the science underlying these outlooks be improved, and how can the
resulting probabilities – which are often complex in nature – be presented in terms that are even more useful
to the public and other stakeholders, allowing for even greater economic and safety benefits? For example,
how can forecast confidence be incorporated and communicated so that users know whether a given
situation is likely to produce a more-skillful or less-skillful forecast?

• Five to ten years. Billions of dollars of infrastructure must be deployed across the nation over the coming
decade and beyond to ensure safe water supplies, protect communities from flooding, and meet many other
goals. WWC guidance is critical to developing infrastructure that will fit the needs of today, tomorrow, the
next decade, and decades to come, in a changing climate. What aspects of climate change are likely to
emerge most quickly in the 2020s, and how will these intersect with societal change? How can research best
support the tools that are needed to understand and respond to these changes?

Recommendations

Develop the Next Generation of WWC Experts

It is essential to foster a diverse and inclusive workforce where representatives of all members of our society
feel welcome. To ensure this workforce is equipped to enable scientific and technological advances, apply
science for the benefit of all people, and inform WWC decisions, investments must continue to: (i) educate and
train students for careers in science, technology, engineering, and mathematics; and (ii) develop a new
generation of WWC researchers. Environmental awareness and professional integrity are crucial values to instill
in the next generation of WWC experts.

Invest in Research Critical to Innovation and Advanced Services

To ensure continued leadership in understanding our complex and changing planet and application of this
understanding for the benefit of society, increased investments are needed to support new discoveries,
innovation, applications, and model development in the geosciences, engineering, and relevant social sciences.

Invest in Observations and Computing Infrastructure

To ensure advances in scientific knowledge and more accurate and timely delivery of WWC products and
support services at scales useful to decision-makers, and to preserve national security, targeted investments are
required for:

• atmosphere-ocean-land-ice observational infrastructure

• techniques to translate the resulting large datasets into forms suitable for information services and prediction
models

• leading-edge high-performance computers and software, including weather and climate models that
incorporate the components of the Earth system in interactive fashion

• observation quality control, including enhanced diagnosis of observation error and improvements in
automated observing systems
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Create Services that Harness Scientific Advances for Societal Benefit

To ensure society’s most pressing needs are met and its capabilities are optimally utilized, mechanisms for
engaging a variety of users and moving research into practical applications in a timely and effective fashion must
be encouraged, developed, and implemented. In particular, open access to data and publications is an
increasingly powerful tool for distributing the fruits of scientific labor as widely as possible.

Prepare Informed WWC Information Users

To ensure we have informed users who can take full advantage of advanced WWC information and tools,
education and communication programs must continue to focus on enhancing WWC skills and understanding by
both decision-makers and society at large. These efforts should draw on insights from both physical and social
science and should involve collaborations among scientists and decision-makers to maximize user feedback and
the co-production of knowledge.

Build Strong Partnerships Throughout the WWC Enterprise

Private companies, government officials, academic researchers, and the NGO community have always worked
together to meet America’s WWC challenges. As this task grows more consequential, urgent, and complex, a
coordinated federal effort is needed to support, strengthen, and encourage strategic inter-sector partnerships,
including efforts to increase the global suite of Earth observations, advance long-term stewardship of
environmental data, and improve national and international community-level resilience to climate change and
variability. Such partnerships must also be extended to related disciplines, including energy, transportation,
health, and decision support.

Implement Effective Leadership and Management

To ensure that WWC investments are made in the best interests of the nation, effective leadership and
management approaches will be needed, including: (i) appointing highly capable, well-qualified, and diverse
leadership to top WWC policy positions in the White House and federal agencies, and (ii) implementing
management approaches that support integrated WWC research and services planning across federal agencies
and Congress. These structures should proactively engage the academic and private sectors.
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Introduction

Recent polls suggest the public is aware of and
concerned about the effects of plastic pollution on the
environment and public health.1–3 Microplastics
(typically defined as plastic particles smaller than 5
mm4) are found virtually everywhere, including in
aquatic and terrestrial ecosystems,5,6 air,7 drinking
water,8 food,9 and even remote alpine and polar
settings.10,11 Adverse impacts of plastic pollution,
particularly microplastics, are becoming better
understood in aquatic ecosystems,12,13 with
exceedances of risk thresholds documented in several
ecosystems.14 However, uncertainties regarding
impacts remain, largely due to uncharacterized
hazards and sampling bias towards larger-sized
particles (which are believed to be less toxic).12,15

Greater uncertainties remain in assessing impacts to
humans, which have received far less research
attention than ecological receptors.16

Generally, the public relies on the government to
address environmental issues and often promotes
policy and regulatory actions through citizen’s groups
and nongovernmental organizations.17 Accordingly,
regulators and policymakers around the world have
taken various actions to mitigate environmental and
public health impacts.18 Microplastics present unique

challenges to risk assessors and decision-makers due
to their extreme diversity of composition,19 insolubility,
adsorbed and intentionally added contaminants,20 and
complex, heterogeneous occurrence in the
environment.21

Despite these challenges, government agencies around
the world are implementing various actions to mitigate
known and unknown impacts of microplastics on
public health and the environment. These actions
range from upstream measures, such as Taiwan’s ban
on single-use plastics,22 to downstream measures such
as California’s discharge requirements of macro-sized
debris into waterways.23 While local and national
efforts to reduce impacts of microplastics are valuable,
international strategies and reduction targets such as
the 1978 Protocol to the International Convention for
the Preservation of Pollution from Ships (MARPOL)24

are needed to significantly mitigate impacts.25 In
addition to the need for international cooperation in
addressing impacts of microplastics, close intersector
collaboration between scientists, regulators, and
policymakers is paramount to advance policy and
mitigation options available to local and national
governments to reduce microplastic emissions. Such
collaborative efforts may be exemplified in the State of
California, which recently has enacted 2
groundbreaking pieces of legislation to address
impacts of microplastics in drinking water and the
marine environment to respond to increasing public
concern.26,27

This paper highlights several aspects of microplastics,
which present unprecedented challenges for
mitigating impacts, thus requiring close collaboration

California to Monitor Microplastic Pollution in
Drinking Water and Marine Environments –
Addressing the environmental and health impacts of
microplastics requires open collaboration among diverse
sectors
Scott Coffin, Holly Wyer, and J.C. Leapman

Scott Coffin is a research scientist for the California
State Water Resources Control Board. Holly Wyer is a
Program Manager at the California Ocean Protection
Council. J.C. Leapman is a graduate student researcher
at the University of California, Davis.
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between stakeholders; uses California as a case study to offer insights on addressing some of these issues; and
identifies actions that regulators, policymakers, and researchers can take to advance the field and develop
effective pollution intervention strategies. Throughout this paper, we will refer to another regulatory paradigm
disruptor—per- and polyfluoroalkyl substances (PFAS)—for insight and lessons learned when addressing
microplastics.

Microplastics challenge traditional risk-based regulatory paradigms

Innovations in risk assessment frameworks and regulatory approaches may be required to protect
environmental and public health from complex contaminant classes and mixtures with vast uncertainties in their
environmental fate and transport, exposure, and hazards. The traditional framework for assessing risk is by
comparing exposure amounts with known hazard thresholds.28 Many regulatory frameworks are based on this
traditional risk assessment framework and set regulatory thresholds (e.g., maximum contaminant levels in
drinking water, effluent limits in wastewater discharge) based on estimated exposures which would theoretically
exceed certain risk thresholds.29,30 While this traditional risk assessment-based regulatory framework works well
for single-chemical contaminants or relatively simple mixtures of contaminants with known chemical structures,
compositions, and biological activities (e.g., dioxins and dioxin-like polychlorinated biphenyls (PCBs)10), it may be
inadequate to address risks from more complex contaminants.

The term “microplastics” encompasses a vast universe of particles that present unique challenges in estimating
risks due to their extreme diversity (e.g., size, shape, solubility, polymer composition, sorbed chemicals and
biota, etc.).19 Even defining the contaminant class has been a matter of lengthy debate.4,31 In order to estimate
risks and regulate microplastics using traditional frameworks, recent innovative efforts have tried to reduce
complexities associated with the high number of variables used to classify microplastics (i.e., size, shape,
polymer types).32 However, such simplification efforts are unlikely to satisfactorily capture the full variability of
shapes of microplastics, leading to underestimates of risk.32

A recent study on wild-caught, commercially important fish found that microplastics ingested by the fish likely
transferred bisphenol A (BPA) and related analogues into their tissue at high enough quantities to exceed risk
thresholds in adults and children at mean ingestion rates of the fish.33 Notably, the study would not have
estimated an exceedance of risk threshold if the authors had used the United States Environmental Protection
Agency’s (US EPA) risk value for BPA,34 which is 12.5 times higher than the European Food Safety Authority’s
value.35 This study highlights both the importance of characterizing plastic-associated chemicals in microplastics
(a key hazard trait)36–39 and assessing hazards of endocrine-disrupting chemicals (e.g., BPA, di-2-ethylhexyl-
phthalate) commonly added to plastics.37,40 Assessing hazards for some endocrine-disrupting chemicals may be
complicated due their exhibiting nonmonotonic dose–response effects (i.e., effects observed at low
concentrations are not predicted by and/or observed at higher concentrations).41–43 When such nonmonotonic
effects are considered, such compounds may be considered substantially more toxic.44

Another critical challenge in assessing risks of plastic-associated chemicals is that most plastic additives
(approximately 80%) have their identities hidden from researchers, regulators, and the public, protected as
“confidential business information” (CBI), or lack adequate documentation in public databases (see more on

The combination of global environmental contamination, persistence, and uncertainties
regarding effects on vital earth system processes satisfy the conditions for both PFAS and
microplastics to be classified as “planetary boundary threats”—defined as factors that may

irreversibly threaten the earth systems that allow humanity to thrive.
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Box 1. Unknown chemicals present never-ending challenges for risk assessors

There is an increasing worldwide trend of approving unknown chemicals and mixtures for use in
commerce, thus providing scientists and regulators with a Sisyphean task in estimating risks for over
70,000 such chemicals/mixtures (>37,000 of which are polymers).46 This increasing trend is in spite of
regulations that apparently intend to prevent the introduction of “regrettable substitutions” into the
environment, such as the 2016-revised Toxic Substances Control Act (TSCA) in the United States (US)48

and the European Union’s more aggressive Registration, Evaluation, Authorisation, and Restriction of
Chemicals.49 Yet chemicals/mixtures protected as CBI lack information regarding chemical structure,
composition and biological activities, and access to analytical standards,47 requiring innovative methods
to determine hazardous chemical features within an unknown plastic chemical mixture, such as
bioassay-guided chemical fractionation coupled with nontargeted analytical chemistry.20,45 Such
techniques are costly, however, and it remains unlikely that risks could ever be characterized with a high
degree of certainty until full chemical compositions are known. Voluntary cooperation between industry
and researchers in revealing the identity of some of these CBI chemicals provides a possible avenue for
reducing such uncertainties.50

In addition to complicating the assessment of risk for chemicals and mixtures already present in the
environment, protections provided by CBI may lead to the continued introduction of potentially
hazardous chemicals into the environment.51 For example, in 2018, the identities, quantities produced,
location of production facilities, and other data for 396 new PFAS was withheld by manufacturers on the
basis that such information is CBI.52 Such confidential compounds may eventually be characterized years
later using nontargeted analytical chemistry, as demonstrated by the recent discovery of a new class of
chlorinated PFAS (apparently used as a substitute for other banned PFAS)53—chloroperfluoropolyether
carboxylate compounds (ClPFPECAs).54 Most concerning, ClPFPECAs are considered to be safe for use in
polymerized nonstick cookware by the European Food Safety Authority55—despite their similarities to
other PFAS, and a complete lack of publicly available toxicity information.56 ClPFPECAs are unregistered
in both the US EPA’s and the European Chemical Agency’s inventories.56 It’s possible that ClPFPECAs
passed EPA’s review without much, or any toxicity testing, as under TSCA (pre-2016 amendment), EPA
was required to produce evidence for potential risk in order to investigate a chemical further48,49—a
catch-22 that allowed 90% of chemicals entering commerce between 1979 and 2016 to evade
restrictions or testing orders.56

The extremely diverse nature of microplastics is unparalleled; however, another emerging contaminant
class may come relatively close and may provide insights for risk management. PFAS, like microplastics,
are persistent, toxic, and largely unregistered in regulatory inventories.46,57,58 The push to regulate PFAS
in a timely manner has prompted some scientists and regulators to develop alternative methods to
estimate their exposure and determine their hazards to estimate risk. A recent study estimated that
there are over 4,700 PFAS chemicals distributed in the global market59—a multiplicity that makes
developing analytical methods and determining toxicological effects for all constituents unachievable
within reasonable timeframes. Novel, proxy-based approaches have been developed to estimate
exposure (e.g., total fluorine),60,61 and 21st century approaches are being applied to characterize hazards
of PFAS (e.g., read-across).62 Some of these approaches have proven, in some cases, to be health
protective and simple, and are being considered for adoption by regulatory agencies.63–65 While PFAS
provide lessons for addressing extremely diverse and unique contaminant classes, microplastics are
likely more complex and challenging (Box 2).
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unknown chemicals in Box 1).45,46 Additionally, complex mixtures of chemicals on microplastics may exhibit
mixture toxicity effects (i.e., additive, synergistic, antagonistic),47 making their identification complicated.20

Plastics and PFAS are forever

In an effort to prevent irreversible damage from persistent chemicals with poorly known effects, some
regulatory agencies in Europe and the US have departed from their traditional risk-based frameworks. They are
doing so by taking a more precautionary approach, classifying certain chemicals as “nonthreshold
contaminants” (i.e., “any release to the environment and environmental monitoring data regarded as a proxy for
an unacceptable risk”).75,76 A critical driver behind considerations of such precautionary management
approaches is a chemical’s ability to resist degradation in the environment (persistence)77—a trait which is
shared by both microplastics and PFAS.55,75 The combination of global environmental contamination,
persistence, and uncertainties regarding effects on vital earth system processes satisfy the conditions for both
PFAS and microplastics to be classified as “planetary boundary threats”—defined as factors that may irreversibly
threaten the earth systems that allow humanity to thrive.78,79 Indeed, PFAS are often referred to as “Forever
Chemicals”—implying that their persistence should be worrying.80

In 2019, Denmark banned all PFAS (known and unknown) in paper and cardboard food contact materials.81 This
broad, class-based restriction was aimed at preventing widespread, irreversible environmental contamination of
persistent, bioaccumulative, toxic chemicals within the PFAS class.57 In managing PFAS, the concept of “essential
use” is integral to drafting sensible, risk-based restriction regulations82—an approach which has been considered
by the European Chemicals Agency in restricting the use of intentionally added microplastics,75 and may also be
useful in considering restrictions of single-use plastic products in a circular economy.

Box 2. Microplastics are a more complex contaminant class than PFAS

While many similarities exist between PFAS and microplastics (e.g., persistence, diversity, unknown
composition, bioaccumulative potential, toxicity), there are principal differences between these
contaminant classes which make understanding risks of microplastics arguably more challenging. The
principal difference is that PFAS (with the exception of polymers and anions) are generally soluble,66

while microplastics are (generally) insoluble67—thus having distinct physicochemical properties that may
drive toxicological behavior as well as fate and transport characteristics—all of which are foundational in
assessing exposure and risks. For other “conventional contaminants” (e.g., petroleum hydrocarbons),
fate and transport characteristics are well studied.68 Due to the diversity of the PFAS class and their
unique characteristics (hydrophobic, lipophilic, and surfactant properties), traditional fate and transport
models have proven inadequate in modeling their behavior—particularly in groundwater.68,69 Even less
understood are the environmental fate and transport behavior of microplastic particles, in which key
determining factors are unique to insoluble particles (relatively less studied than soluble contaminants)
and, in some cases, unique to synthetic polymers, such as: formation and emissions of microplastic
particles; particle–particle interactions (e.g., aggregation and agglomeration); biological uptake and
bioaccumulation; and transport via air and oceanic circulation.70 Significant challenges for testing the
toxicity of dispersed particles in aqueous systems remain,71 and extrapolating effects of exposure at high
concentrations to lower, environmentally relevant concentrations may not be appropriate.70 Further
challenges in assessing microplastics toxicity are the lack of standardized, environmentally realistic
mixture samples, and the selection of natural particles as controls.72 Finally, determining the drivers of
microplastics toxicity (e.g., physical, chemical) is difficult,73 as exemplified by the association of PFAS
with plastic.74
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Like PFAS, microplastics are ubiquitous in the environment,83 and some particle types are known to be toxic and
bioaccumulative,9,58 thus concerns over environmental persistence84 are warranted.85,86 With the continuous
production and release of persistent chemicals, risk thresholds are likely to be exceeded over time, regardless of
the chemical’s properties.77 This high likelihood of eventually exceeding risk thresholds renders traditional risk
assessments inadequate, as they typically do not consider long-term impacts to future generations, or system-
level effects at regional (or even global) scales.

The San Francisco Bay Regional Monitoring Program, which ranks contaminants of emerging concern monitored
in water, sediment, and biota into tiered, risk-based categories (based on occurrence and hazard ratios),76

initially classified microplastics as a constituent class of “Possible Concern” based on uncertainties regarding
toxicity, but later elevated microplastics to “Moderate Concern,” despite a noted lack of certainty regarding
hazard thresholds.87 The San Francisco Bay Regional Monitoring Program justified this departure from their
established risk-based framework based on the EU’s decision to classify microplastics as a nonthreshold

Figure 1. Timelines for implementation of California Senate Bills 1422 and 1263.

Requirements and timeline for implementation of recently passed California legislation aimed at
advancing understandings of microplastics in drinking water (Senate Bill 1422) and in marine ecosystems
(Senate Bill 1263). The California Ocean Protection Council, in collaboration with the State Water
Resources Control Board, must implement requirements of Senate Bill 1263. The State Water Resources
Control Board will implement requirements of Senate Bill 1422.
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contaminant for risk assessment purposes;75 uncertainties regarding toxicities;87 an upward trend in both plastic
production and environmental detection;88–90 and persistence.75,87 These decisions are in congruence with
conclusions made by the Science Advice for Policy by European Academies, which state that while risk
thresholds are exceeded at some locations (i.e., predicted or measured concentrations are greater than
predicted no-effect levels), it is unlikely that exceedances of risk thresholds are geographically widespread;12

however with expected increases in exposure to microplastics,91 widespread ecological risk may arise within the
next century.12 In other words, while traditional regulatory frameworks typically focus on short-term risks from
chemicals with known hazards, highly complex, persistent contaminants with unknown hazards are being
recognized as potential irreversible global scale threats and are being precautionarily evaluated by regulators
and scientists.

A case study for intersector collaboration: California legislation as a regulation, policy, and science driver

California Senate Bills (SB) 1422 and SB 1263 outline initial steps to address microplastics in drinking water and
the ambient marine environment, respectively.26,27 In response to initial findings of widespread contamination of
drinking water with microplastics86 and considerable uncertainties regarding their health risks to humans at the
time,92 the California Legislature passed SB 1422 in 2018, which requires the State Water Resources Control
Board (State Water Board) to adopt a definition for “microplastics in drinking water” by July 1, 2020 (see Box 3
for more), and to adopt a standard methodology for detecting microplastics in drinking water by July 1, 2021 (Fig
1). Additionally, the bill requires 4 years of testing and reporting of microplastics in drinking water, public
disclosure of the results, and possible issuance of a health-based guidance level to interpret results.26 SB 1263
requires the California Ocean Protection Council to adopt a statewide microplastics strategy (Strategy).27 The
Strategy shall include the development of standardized methods for sampling, detecting, and characterizing
microplastics, development of a risk assessment framework for microplastics, and the use of that risk
assessment framework to identify data gaps, and effective policy changes to reduce risks due to microplastic
pollution in the ambient marine environment (Fig 1).27

To meet unprecedented challenges in addressing perhaps the most complex, diverse, and publicly visibly
contaminant suite (plastics pollution; including microplastics), California is partnering with an international
network of researchers, local, state, and federal agencies, nongovernmental organizations, water purveyors, and
engaged citizens. For example, the California State Water Board has a long history of working with citizen
scientists regarding characterizing trash and microplastics in water, reporting some of the earliest findings of
persistent organic pollutants on preproduction plastics pellets along California’s beaches in 2005.93 Starting in
2018, the California State Water Board began hosting annual, multiday, immersive “Trash Data Dives” where
researchers (data scientists and trash/microplastic experts) work alongside municipalities, policy writers,
regulators, nongovernmental organization leaders, community leaders, and others to develop a, “trash
management picture informed by open and accessible data, to identify and understand trends, data gaps, and
priorities.”94 Similarly, the California Ocean Protection Council (which has made policy recommendations to
reduce plastic pollution since 2007)95 partnered with the National Oceanic and Atmospheric Administration in
2018 to develop the California Ocean Litter Prevention Strategy, which outlines actions that California and
interested stakeholders can take to address ocean litter through 2024.96 The Ocean Litter Prevention Strategy
laid out critical needs in microplastics research, such as standardized methods, which were later included in SB
1263.96

To meet unprecedented challenges in addressing perhaps the most complex, diverse, and
publicly visibly contaminant suite (plastics pollution; including microplastics), California is
partnering with an international network of researchers, local, state, and federal agencies,

nongovernmental organizations, water purveyors, and engaged citizens.
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In implementing SB 1422 and SB 1263, the California Ocean Protection Council and California State Water Board
are collaborating with a wide range of stakeholders to accomplish the ambitious objectives required by the bills.
The public research and development agency, the Southern California Coastal Water Research Project (SCCWRP)
plays a pivotal role in the State’s microplastics-related projects, coordinating more than 35 laboratories based in

Box 3. Lessons learned from PFAS in developing a regulatory definition for microplastics

After the discovery of some fluorinated chemicals in food contact materials (e.g., perfluoropolyether
dicarboxylic acid) that were not formally recognized as PFAS under their definition at the time (-CnF2n
+1-),59,99 the Organisation for Economic Co-operation and Development (OECD) expanded their definition
(-CnF2n-).59 Meanwhile, other organizations (e.g., Interstate Technology Regulatory Council) more
narrowly define perfluoroalkyl substances as having two or more fully fluorinated carbons (-CnF2n+1-),
and polyfluoroalkyl substances as having a nonfluorine atom (typically hydrogen or oxygen) attached to
at least one, but not all, carbon atoms, with at least two or more fully fluorinated carbons (-CnF2n+1-),
with a further explicit exclusion of aromatic carbon ring substances.66 In the case of extremely
environmentally persistent chemicals like PFAS, the exclusion of certain chemicals from the contaminant
class has resulted in a systematic lack of focus on their existence—resulting in sparse monitoring data
(e.g., aromatic carbon ring PFAS).100

This debacle demonstrates the importance of starting with a broad definition as a common departure
point for further definitions for microplastics and other emerging contaminant classes with significant
uncertainties. Failure to start with a broad definition and consider all constituents within the class has
resulted in the likely human exposure to short- (4 to 7 carbons) and ultrashort-chain (2 to 3 carbons)
PFAS through food packaging in the US (e.g., 1,1,1,2-tetrafluoroethane, which is “generally recognized as
safe” by the nation’s Food and Drug Administration).101 With regulatory agencies focused on long-chain
PFAS (8+ carbons), industry has increased production of short and ultrashort alternatives,102 even though
they were included in the once commonly accepted definition of PFAS (-CnF2n+1-). Learning from
mistakes made with PFAS, if regulatory definitions of microplastics are too narrow, risks may be
underestimated due to their incomplete characterization and lack of consideration for the vast
possibilities within the contaminant class.

A challenge in implementing California’s legislative requirements to address microplastics in drinking
water (SB 1422) was the apparent lack of a consensus definition for “microplastics.” Despite calls for a
unified, internationally agreed-upon definition for “microplastics,”103 it seems that no such definition
had emerged due (in part) to the lack of both standardized methods and regulations. Due to the
regulatory impacts (i.e., monitoring and reporting and communicating health effects to consumers)
associated with adopting a definition of microplastics in the context of drinking water, California’s State
Water Board recognized that the definition they adopted in June 2020 would likely be used for
nondrinking water purposes and by other government agencies and scientific bodies.104 In drafting an
initial regulatory definition for microplastics (which have extreme uncertainties in regards to exposure
and hazards for humans),105 a principal consideration was to use terms that broadly encompass particle
sizes (1 nm to 5 mm), types (e.g., theoretically soluble plastics), and polymers (e.g., including
biodegradable polymers, for which limited toxicity information is available)106 to avoid inappropriately
restricting risk assessments based on regulatory definitions,70 as well as research, monitoring, and
collection of data—at least until the adoption of a more narrow definition can be justified.31 Drawing
lessons learned from PFAS, subcategories of microplastics may be grouped for strategic purposes for
monitoring and regulations,107 however should be distinguished from a broader class-based definition,
with exclusions and limitations acknowledged wherever possible.108
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7 different countries to standardize microplastics monitoring methods in aquatic environments, and serving as
facilitator for the development of a consensus statement on the human health effects of microplastics in
drinking water.97 Additionally, the Ocean Protection Council is collaborating with an independent science-based
nonprofit, The Ocean Science Trust, to convene an internationally recognized expert panel to develop a
microplastics risk assessment framework as part of their Strategy.98 Intersector working groups, such as the
Pacific Northwest Consortium on Plastics and San Francisco Estuary Institute Microplastics Working Group, play
key roles in coordinating local and regional research efforts that directly inform decision makers, and serve as
exemplary models for constructive interactions between policymakers, scientists, regulators, and industry
representatives.

Making microplastics research “actionable”: Standardized methods and beyond

Scientific organizations have long called for the standardization of microplastic analysis methods;109,110 the
legislative requirements for California to adopt standard methodologies to monitor microplastics provides an
impetus and requisite funding to develop such methods.26,27 Standardization of microplastic monitoring methods
will allow for direct comparisons between studies, may reduce uncertainties in assessments of risk, and reliably
inform management strategies. It is important to keep in mind that unintended consequences may result if
practical considerations of enacting regulations inhibit broader research investigations. For example,
standardized methodologies may miss certain components (e.g. < approximately 10 μm particles, black particles)
due to technical and economic barriers—a phenomenon that has caused a significant mismatch in the size
ranges of particles used in toxicological assessments and monitored in the environment.15 Therefore, as
regulatory agencies adopt standardized methods for analyzing microplastics, the academic community should
continue to improve detection methodologies,111 and regulatory agencies should consider regularly updating
their standardized methods.

In addition to developing standardized methods for monitoring microplastics in the environment, food, and
water, further research is necessary to develop evidence-based policies and regulations. The policy and
regulatory communities need actionable research that focuses on (a) addressing gaps in the understanding of
the ecological and human health hazards and exposure of microplastics; (b) identifying and prioritizing sources
(e.g., packaging, tire wear, textiles) and pathways (e.g., washing machines, stormwater, wastewater, biosolid
agriculture application) that may be candidates for regulatory intervention; and (c) developing cost-effective
technologies to reduce economic impacts of policy and regulatory interventions (e.g., analysis methods, water
treatment, reusable or truly biodegradable materials). Moreover, quantitative toxicological risk assessments
may be necessary under certain regulatory paradigms to effectively regulate microplastics as a water quality
contaminant.112 A useful strategy to accurately assess and convey risks associated with plastic without
downplaying the potential of uncertain risks is to focus on known particle- and species-specific effect
mechanisms (e.g., adverse outcome pathways).112 These adverse outcome pathways allow for the separation of
hazards of plastic-associated chemicals with the physical particles themselves,112 allowing for a more simplistic
understanding and communication of risks and development of risk-based regulations and policies. Most
regulatory paradigms will prioritize high-risk microplastic morphologies—thus research should focus on reducing
toxicological dimensions of complex mixtures to simplify sampling and monitoring plans.32 Finally, research
findings should be written so that they can be easily summarized and distilled into fact sheets and talking points,
which are useful for both general media inquiries and policy briefings.

Conclusion

Microplastics as a contaminant class are unmatched in their magnitude of complexity, diversity, and persistence
(with PFAS likely being the closest in all 3 categories), presenting significant challenges for scientists in
developing analytical methods, fate and transport models, characterization of exposure pathways, and
assessment of toxicological hazards. Considering unprecedented uncertainties associated with risks to humans
and ecosystems, governmental organizations are reconsidering the appropriateness of applying traditional
frameworks in mitigating risks of microplastics (and PFAS), opting in some cases for more precautionary
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approaches that give additional weight to uncertainties and environmental persistence. To address such
challenging and complex emerging contaminant classes, governments should coordinate closely with
researchers, citizens, industry representatives, and commercial monitoring laboratories, and should actively
promote transparency, data accessibility, and civic engagement. California’s pioneering efforts in addressing
microplastics in drinking water and aquatic ecosystems serves as a model for developing open collaborations
between diverse sectors.

Acknowledgments

We would like to thank our countless academic and agency colleagues that, through ongoing dialogues (in-
person, virtual, and via Twitter), inspired us to write this essay. We would also like to show our appreciation for
members of the Southern California Coastal Water Research Project, San Francisco Estuary Institute, Pacific
Northwest Consortium on Plastics, and participants in the annual “Trash Data Dive” for embracing open, inter-
sector collaboration. We are also grateful to Christine Leapman for providing feedback.

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the
official policy or position of any California State agency.

This article was originally posted under the title “Addressing the environmental and health impacts of
microplastics requires open collaboration between diverse sectors.” The original article in PLOS Biology can be
viewed here.

References
1. Dilkes-Hoffman LS, Pratt S, Laycock B, Ashworth P, Lant PA. Public attitudes towards plastics. Resour Conserv Recycl. 2019; 147: 227–
235. https://doi.org/10.1016/j.resconrec.2019.05.005

2. European Commission. Special Eurobarometer 468: Attitudes of European citizens towards the envi- ronment. 2017. Available from:
http://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/ ResultDoc/download/DocumentKy/81259.

3. Lotze HK, Guest H, O’Leary J, Tuda A, Wallace D. Public perceptions of marine threats and protection from around the world. Ocean &
Coastal Management. 2018; 152: 14–22. https://doi.org/10.1016/j. ocecoaman.2017.11.004

4. Hartmann NB, Hu ̈ffer T, Thompson RC, Hassello ̈v M, Verschoor A, Daugaard AE, et al. Are We Speaking the Same Language
Recommendations for a Definition and Categorization Framework for Plastic Debris. Environ Sci Technol. 2019; 53: 1039–1047. https://
doi.org/10.1021/acs.est.8b05297 PMID: 30608663

5. Suaria G, Achtypi A, Perold V, Lee JR, Pierucci A, Bornman TG, et al. Microfibers in oceanic surface waters: A global characterization. Sci
Adv. 2020; 6: eaay8493. https://doi.org/10.1126/sciadv.aay8493 PMID: 32548254

6. Hurley R, Horton A, Lusher A, Nizzetto L. Chapter 7—Plastic waste in the terrestrial environment. In: Letcher TM, editor. Plastic Waste
and Recycling. Academic Press; 2020. pp. 163–193. https://doi.org/ 10.1016/B978-0-12-817880-5.00007–4

7. Gaston E, Woo M, Steele C, Sukumaran S, Anderson S. Microplastics Differ Between Indoor and Out- door Air Masses: Insights from
Multiple Microscopy Methodologies. Appl Spectrosc. 2020; 000370282092065. https://doi.org/10.1177/0003702820920652 PMID:
32233850

8. Shen M, Song B, Zhu Y, Zeng G, Zhang Y, Yang Y, et al. Removal of microplastics via drinking water treatment: Current knowledge and
future directions. Chemosphere. 2020; 251: 126612. https://doi. org/10.1016/j.chemosphere.2020.126612 PMID: 32443234

9. van Raamsdonk LWD, van der Zande M, Koelmans AA, Hoogenboom RLAP, Peters RJB, Groot MJ, et al. Current Insights into
Monitoring, Bioaccumulation, and Potential Health Effects of Microplastics Present in the Food Chain. Foods. 2020; 9: 72. https://
doi.org/10.3390/foods9010072 PMID: 31936455

10. Allen S, Allen D, Phoenix VR, Le Roux G, Dura ́ntez Jime ́nez P, Simonneau A, et al. Atmospheric transport and deposition of
microplastics in a remote mountain catchment. Nat Geosci. 2019; 12: 339– 344. https://doi.org/10.1038/s41561-019-0335-5

11. Bergami E, Rota E, Caruso T, Birarda G, Vaccari L, Corsi I. Plastics everywhere: first evidence of poly- styrene fragments inside the
common Antarctic collembolan Cryptopygus antarcticus. Biol Lett. 2020; 16: 20200093. https://doi.org/10.1098/rsbl.2020.0093 PMID:
32574531

12. Science Advice for Policy by European Academies. A Scientific Perspective on Microplastics in Nature and Society. Berlin; 2019 Jan.
Report No.: 978-3-9820301-0–4. https://doi.org/10.26356/microplastics

13. Bucci K, Tulio M, Rochman C. What is known and unknown about the effects of plastic pollution: A meta-analysis and systematic

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000932


Volume 36 Number 2 Renewable Resources Journal 16

review. Ecol Appl. 2019; eap.2044. https://doi.org/10.1002/eap.2044 PMID: 31758826

14. Burns EE, Boxall ABA. Microplastics in the aquatic environment: Evidence for or against adverse impacts and major knowledge gaps:
Microplastics in the environment. Environ Toxicol Chem. 2018; 37: 2776–2796. https://doi.org/10.1002/etc.4268 PMID: 30328173

15. Adam V, Yang T, Nowack B. Toward an ecotoxicological risk assessment of microplastics: Compari- son of available hazard and
exposure data in freshwaters. Environ Toxicol Chem. 2019; 38: 436–447. https://doi.org/10.1002/etc.4323 PMID: 30488983

16. Zhang Y, Pu S, Lv X, Gao Y, Ge L. Global trends and prospects in microplastics research: A biblio- metric analysis. J Hazard Mater. 2020;
400: 123110. https://doi.org/10.1016/j.jhazmat.2020.123110 PMID: 32574874

17. Beierle TC. Democracy in practice: Public participation in environmental decisions. Routledge; 2010.

18. United Nations Environment. Combating marine plastic litter and microplastics: An Assessment of the Effectiveness of Relevant
International, Regional and Subregional Governance Strategies and Approaches. AHEG/2018/1/INF/3 (11 April 2018) 12 (UNEP
‘Assessment Report’); 2017. Available from: https://papersmart.unon.org/resolution/uploads/
unep_aheg_2018_1_inf_3_summary_policy_ makers.pdf.

19. Rochman CM, Brookson C, Bikker J, Djuric N, Earn A, Bucci K, et al. Rethinking microplastics as a diverse contaminant suite. Environ
Toxicol Chem. 2019; 38: 703–711. https://doi.org/10.1002/etc. 4371 PMID: 30909321

20. Chen Q, Santos MM dos, Tanabe P, Harraka GT, Magnuson JT, McGruer V, et al. Bioassay guided analysis coupled with non-target
chemical screening in polyethylene plastic shopping bag fragments after exposure to simulated gastric juice of Fish. J Hazard Mater. 2021;
401: 123421. https://doi.org/ 10.1016/j.jhazmat.2020.123421 PMID: 32763709

21. Skåre JU, Alexander J, Haave M, Jakubowicz I, Knutsen HK, Lusher A, et al. Microplastics; occur- rence, levels and implications for
environment and human health related to food. Scientific opinion of the Scientific Steering Committee of the Norwegian Scientific
Committee for Food and Environment. VKM Report. 2019.

22. News T aiwan. T aiwan wages war on single-use plastics. 2020.

23. State Water Resources Control Board. Amendment to the Water Quality Control Plan for Ocean waters of California to Control Trash
and Part 1 Trash Provisions of the Water Quality Control Plan for Inland Surface Waters, Enclosed Bays, and Estuaries of California. 2016.

24. Canyon T. International Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 relating
thereto (MARPOL 73/78). 1978.

25. Simon N, Schulte ML. Stopping global plastic pollution: The case for an international convention. Ecol- ogy Publication Series. 2017;43.

26. California Code of Regulations. California Safe Drinking Water Act. Health and Safety Code 116350. Health and Safety Code 2018.

27. California Code of Regulations. Microplastics Materials. Sect. 1 2018. Available from: https://leginfo. legislature.ca.gov/faces/
billTextClient.xhtml?bill_id=201720180SB1263.

28. United States Environmental Protection Agency. Guidelines for the health risk assessment of chemical mixtures. Fed Reg. 1986; 51:
34014–34025.

29. US Environmental Protection Agency. National primary drinking water regulations; final rule. 40 CFR Parts 141, 142, and 143. Federal
Register. 1991; 3526–3597.

30. United States. “Effluent Limitations.” Clean Water Act (CWA), section 301, 33 U.S.C. § 1311. 1972.

31. Coffin S. Staff Report for the Proposed Definition of Microplastics in Drinking Water (June 3, 2020). Sacramento, CA: State Water
Resources Control Board; 2020 Jun. Available from: https://www. waterboards.ca.gov/drinking_water/certlic/drinkingwater/docs/
stffrprt_jun3.pdf.

32. Kooi M, Koelmans AA. Simplifying Microplastic via Continuous Probability Distributions for Size, Shape, and Density. Environ Sci
Technol Lett. 2019; 6: 551–557. https://doi.org/10.1021/acs.estlett. 9b00379

33. Barboza LGA, Cunha SC, Monteiro C, Fernandes JO, Guilhermino L. Bisphenol A and its analogs in muscle and liver of fish from the
North East Atlantic Ocean in relation to microplastic contamination. Exposure and risk to human consumers. J Hazard Mater. 2020;
122419. https://doi.org/10.1016/j. jhazmat.2020.122419 PMID: 32155522

34. U.S. Environmental Protection Agency. Bisphenol A; CASRN 80-05-7. Integrated Risk Information System. Chemical Assessment
Summary. 1988. Available from: https://cfpub.epa.gov/ncea/iris/iris_ documents/documents/subst/0356_summary.pdf.

35. EFSA Panel on Food Contact Materials E Flavourings and Processing Aids (CEF). Scientific opinion on the risks to public health related
to the presence of bisphenol A (BPA) in foodstuffs. EFSA J. 2015; 13: 3978.

36. Koelmans AA, Besseling E, Foekema EM. Leaching of plastic additives to marine organisms. Environ Pollut. 2014; 187: 49–54. https://
doi.org/10.1016/j.envpol.2013.12.013 PMID: 24440692

37. Coffin S, Huang G-Y, Lee I, Schlenk D. Fish and Seabird Gut Conditions Enhance Desorption of Estro- genic Chemicals from Commonly-
Ingested Plastic Items. Environ Sci Technol. 2019; 53: 4588–4599. https://doi.org/10.1021/acs.est.8b07140 PMID: 30905144

38. Almeida S, Raposo A, Almeida-Gonza ́ lez M, Carrascosa C. Bisphenol A: Food Exposure and Impact on Human Health: Bisphenol A and
human health effect. . .. Compr Rev Food Sci Food Saf. 2018; 17: 1503–1517. https://doi.org/10.1111/1541-4337.12388 PMID: 33350146

39. Coffin S, Dudley S, Taylor A, Wolf D, Wang J, Lee I, et al. Comparisons of analytical chemistry and bio- logical activities of extracts from
North Pacific gyre plastics with UV-treated and untreated plastics using in vitro and in vivo models. Environ Int. 2018; 121: 942–954.
https://doi.org/10.1016/j.envint. 2018.10.012 PMID: 30352377

40. Yang CZ, Yaniger SI, Jordan VC, Klein DJ, Bittner GD. Most plastic products release estrogenic chem- icals: a potential health problem
that can be solved. Environ Health Perspect. 2011; 119: 989–996. https://doi.org/10.1289/ehp.1003220 PMID: 21367689



Volume 36 Number 2 Renewable Resources Journal 17

41. Do RP, Stahlhut RW, Ponzi D, vom Saal FS, Taylor JA. Non-monotonic dose effects of in utero expo- sure to di (2-ethylhexyl) phthalate
(DEHP) on testicular and serum testosterone and anogenital dis- tance in male mouse fetuses. Reprod Toxicol. 2012; 34: 614–621.
https://doi.org/10.1016/j.reprotox. 2012.09.006 PMID: 23041310

42. National Toxicology Program. NTP research report on the CLARITY-BPA core study: a perinatal and chronic extended-dose-range study
of bisphenol A in rats. 2018.

43. Hill CE, Myers JP, Vandenberg LN. Nonmonotonic Dose–Response Curves Occur in Dose Ranges That Are Relevant to Regulatory
Decision-Making. Dose-Response. 2018; 16: 155932581879828. https://doi.org/10.1177/1559325818798282 PMID: 30228814

44. Vandenberg LN, Colborn T, Hayes TB, Heindel JJ, Jacobs DR, Lee D-H, et al. Hormones and Endo- crine-Disrupting Chemicals: Low-Dose
Effects and Nonmonotonic Dose Responses. Endocr Rev. 2012; 33: 378–455. https://doi.org/10.1210/er.2011-1050 PMID: 22419778

45. Zimmermann L, Dierkes G, Ternes TA, Vo ̈lker C, Wagner M. Benchmarking the in Vitro Toxicity and Chemical Composition of Plastic
Consumer Products. Environ Sci Technol. 2019; 53: 11467–11477. https://doi.org/10.1021/acs.est.9b02293 PMID: 31380625

46. Wang Z, Walker GW, Muir DCG, Nagatani-Yoshida K. Toward a Global Understanding of Chemical Pollution: A First Comprehensive
Analysis of National and Regional Chemical Inventories. Environ Sci Technol. 2020; 54: 2575–2584. https://doi.org/10.1021/
acs.est.9b06379 PMID: 31968937

47. Muncke J, Backhaus T, Geueke B, Maffini MV, Martin OV, Myers JP, et al. Scientific challenges in the risk assessment of food contact
materials. Environ Health Perspect. 2017; 125: 095001. https://doi. org/10.1289/EHP644 PMID: 28893723

48. Watnick VJ. The Lautenberg Chemical Safety Act of 2016: Cancer, Industry Pressure, and a Proactive Approach. Harv Envtl L Rev. 2019;
43: 373.

49. Applegate JS. Synthesizing TSCA and REACH: practical principles for chemical regulation reform. Ecol Law Q. 2008; 35: 721.

50. Frond HL, Sebille E, Parnis JM, Diamond ML, Mallos N, Kingsbury T, et al. Estimating the Mass of Chemicals Associated with Ocean
Plastic Pollution to Inform Mitigation Efforts. Integr Environ Assess Manag. 2019; 15: 596–606. https://doi.org/10.1002/ieam.4147 PMID:
30900806

51. Sheriff I, Debela SA, Kabia OA, Ntoutoume CE, Turay MJ. The phase out of and restrictions on per- and polyfluoroalkyl substances:
Time for a rethink. Chemosphere. 2020; 251: 126313. https://doi.org/ 10.1016/j.chemosphere.2020.126313 PMID: 32143075

52. Lerner S. EPA continues to approve toxic PFAS chemicals despite widespread contamination. The Intercept. 201825. Available from:
https://theintercept.com/2018/10/25/epa-pfoa-pfas-pfos-chemicals/ .

53. US EPA. EPA docket on PFOA voluntary stewardship program, docket number EPA-HQ-OPPT- 2006-0621; 2006. Available from:
https://www.regulations.gov/document?D=EPA-HQOPPT-2006- 0621-0005.

54. Washington JW, Rosal CG, McCord JP, Strynar MJ, Lindstrom AB, Bergman EL, et al. Nontargeted mass-spectral detection of
chloroperfluoropolyether carboxylates in New Jersey soils. Science. 2020; 368: 1103–1107. https://doi.org/10.1126/science.aba7127
PMID: 32499438

55. EFSA Panel on food contact materials enzymes flavourings and processing aids (CEF). Scientific Opinion on the safety evaluation of the
substance perfluoro acetic acid, α-substituted with the copoly- mer of perfluoro-1, 2-propylene glycol and perfluoro-1, 1-ethylene glycol,
terminated with chlorohexa- fluoropropyloxy groups, CAS No. 329238–24–6 for use in food contact materials. EFSA J. 2010; 8: 1519.

56. Gold SC, Wagner WE. Filling gaps in science exposes gaps in chemical regulation. Science. 2020; 368: 1066–1068. https://
doi.org/10.1126/science.abc1250 PMID: 32499431

57. Sunderland EM, Hu XC, Dassuncao C, Tokranov AK, Wagner CC, Allen JG. A review of the pathways of human exposure to poly- and
perfluoroalkyl substances (PFASs) and present understanding of health effects. J Expo Sci Environ Epidemiol. 2019; 29: 131–147. https://
doi.org/10.1038/s41370-018- 0094-1 PMID: 30470793

58. Goswami P, Vinithkumar NV, Dharani G. First evidence of microplastics bioaccumulation by marine organisms in the Port Blair Bay,
Andaman Islands. Mar Pollut Bull. 2020; 155: 111163. https://doi.org/ 10.1016/j.marpolbul.2020.111163 PMID: 32469778

59. Organisation for Economic Co-operation and Development. Towards a New Comprehensive Global Database of Per-and
Polyfluoroalkyl substances (PFASs): Summary Report on Updating the OECD 2007 List of Per- and Polyfluoroalkyl substances (PFASs).
Series on Risk Management No. 39. 2018. Available from: http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?
cote=ENV-JM- MONO(2018)7&doclanguage=en.

60. Ritter EE, Dickinson ME, Harron JP, Lunderberg DM, DeYoung PA, Robel AE, et al. PIGE as a screen- ing tool for Per- and
polyfluorinated substances in papers and textiles. Nucl Instrum Methods Phys Res B. 2017; 407: 47–54. https://doi.org/10.1016/
j.nimb.2017.05.052

61. McDonough CA, Guelfo JL, Higgins CP. Measuring total PFASs in water: The tradeoff between selec- tivity and inclusivity. Curr Opin
Environ Sci Health. 2019; 7: 13–18. https://doi.org/10.1016/j.coesh. 2018.08.005 PMID: 33103012

62. Patlewicz G, Richard AM, Williams AJ, Grulke CM, Sams R, Lambert J, et al. A Chemical Category- Based Prioritization Approach for
Selecting 75 Per- and Polyfluoroalkyl Substances (PFAS) for Tiered Toxicity and Toxicokinetic Testing. Environ Health Perspect. 2019; 127:
014501. https://doi.org/10. 1289/EHP4555 PMID: 30632786

63. Sustainable Packaging for the State of California Act (Proposed Regulations). Public Resources Code. Sect. 42370 2018. Available from:
https://www2.calrecycle.ca.gov/PublicNotices/Documents/ 11542.

64. Michigan Science Advisory Workgroup. Health Based Drinking Water Value Recommendations for PFAS in Michigan. Report
developed for the Michigan PFAS Action Response Team, Lansing, Michi- gan. June 27, 2019. 2019.

65. Patlewicz G. PFAS Prioritisation for Targeted Testing. Presented at Office of Environmental Health Hazard Assessment (OEHHA) of Cal



Volume 36 Number 2 Renewable Resources Journal 18

EPA Workshop on Read-Across, Oakland, CA, May 02–03, 2019. 2019. Available from: https://doi.org/10.23645/epacomptox.8127137.

66. ITRC. Naming Conventions and Physical and Chemical Properties of Per- and Polyfluoroalkyl Sub- stances (PFAS). 2020. Available from:
https://pfas-1.itrcweb.org/fact_sheets_page/PFAS_Fact_ Sheet_Naming_Conventions_April2020.pdf.

67. Arp HPH, Knutsen H. Could We Spare a Moment of the Spotlight for Persistent, Water-Soluble Poly- mers? Environ Sci Technol. 2019;
acs.est.9b07089. https://doi.org/10.1021/acs.est.9b07089 PMID: 31845804

68. Naidu R, Nadebaum P, Fang C, Cousins I, Pennell K, Conder J, et al. Per- and poly-fluoroalkyl sub- stances (PFAS): Current status and
research needs. Environ Technol Innov. 2020; 19: 100915. https://doi.org/10.1016/j.eti.2020.100915

69. Newell CJ, Adamson DT, Kulkarni PR, Nzeribe BN, Stroo H. Comparing PFAS to other groundwater contaminants: Implications for
remediation. Remed J. 2020; 30: 7–26.

70. Gouin T, Becker RA, Collot A, Davis JW, Howard B, Inawaka K, et al. Toward the Development and Application of an Environmental
Risk Assessment Framework for Microplastic. Environ Toxicol Chem. 2019; 38: 2087–2100. https://doi.org/10.1002/etc.4529 PMID:
31233238

71. ECETOC. An evaluation of the challenges and limitations associated with aquatic toxicity and bioaccu- mulation studies for sparingly
soluble and manufactured particulate substances. Technical Report no 132. 2019.

72. Backhaus T, Wagner M. Microplastics in the Environment: Much Ado about Nothing? A Debate. Glob Chall. 2019; 1900022. https://
doi.org/10.1002/gch2.201900022 PMID: 32685194

73. Zimmermann L, Go ̈ ttlich S, Oehlmann J, Wagner M, Vo ̈ lker C. What are the drivers of microplastic tox- icity? Comparing the toxicity
of plastic chemicals and particles to Daphnia magna. Environ Pollut. 2020; 115392. https://doi.org/10.1016/j.envpol.2020.115392 PMID:
32871484

74. Groh KJ, Backhaus T, Carney-Almroth B, Geueke B, Inostroza PA, Lennquist A, et al. Overview of known plastic packaging-associated
chemicals and their hazards. Sci Total Environ. 2019; 651: 3253– 3268. https://doi.org/10.1016/j.scitotenv.2018.10.015 PMID: 30463173

75. European Chemicals Agency. Annex XV Restriction Report Proposal for a Restriction: intentionally added microplastics. Version 1.2.
Helsinki, Finland; 2019 Aug. Report No.: 1.2. Available from: https:// echa.europa.eu/documents/10162/05bd96e3-b969-0a7c-
c6d0-441182893720.

76. Sutton R, Sedlak M, Lin D, Sun J. Contaminants of Emerging Concern A Strategy for Future Investiga- tions. SFEI Contribution 815.
Richmond, CA: San Francisco Estuary Institute; 2017.

77. Cousins IT, Ng CA, Wang Z, Scheringer M. Why is high persistence alone a major cause of concern? Environ Sci Process Impacts. 2019;
21: 781–792. https://doi.org/10.1039/c8em00515j PMID: 30973570

78. Persson LM, Breitholtz M, Cousins IT, de Wit CA, MacLeod M, McLachlan MS. Confronting Unknown Planetary Boundary Threats from
Chemical Pollution. Environ Sci Technol. 2013; 47: 12619–12622. https://doi.org/10.1021/es402501c PMID: 23980998

79. Jahnke A, Arp HPH, Escher BI, Gewert B, Gorokhova E, Ku ̈ hnel D, et al. Reducing Uncertainty and Confronting Ignorance about the
Possible Impacts of Weathering Plastic in the Marine Environment. Environ Sci Technol Lett. 2017; 4: 85–90. https://doi.org/10.1021/
acs.estlett.7b00008

80. Phillips A, Pesce A. California finds widespread water contamination of ‘forever chemicals.’ Los Ange- les Times. 2019. Available from:
https://www.latimes.com/politics/story/2019-10-10/california-finds- widespread-contamination-of-chemicals. Accessed 29 Feb 2020.

81. Danish Ministry of Environment and Food. “Fødevareministeren er klar til at forbyde fluorstoffer.” (in Danish). 2019. Available from:
https://mfvm.dk/nyheder/nyhed/nyhed/foedevareministeren-er-klar-til- at-forbyde-fluorstoffer/.

82. Cousins IT, Goldenman G, Herzke D, Lohmann R, Miller M, Ng CA, et al. The concept of essential use for determining when uses of
PFASs can be phased out. Environ Sci Process Impacts. 2019; 21: 1803–1815. https://doi.org/10.1039/c9em00163h PMID: 31204421

83. Villarrubia-Go ́mez P, Cornell SE, Fabres J. Marine plastic pollution as a planetary boundary threat– The drifting piece in the
sustainability puzzle. Mar Pol. 2018; 96: 213–220. https://doi.org/10.1016/j. marpol.2017.11.035

84. Andrady AL. Persistence of plastic litter in the oceans. Marine anthropogenic litter. Cham: Springer; 2015. pp. 57–72.

85. Vo ̈ lker C, Kramm J, Wagner M. On the Creation of Risk: Framing of Microplastics Risks in Science and Media. Glob Chall. 2019;
1900010. https://doi.org/10.1002/gch2.201900010

86. Tyree C, Morrison D. Invisibles: the Plastic inside Us. Orb Media. 2017.

87. Sedlak M, Sutton R, Miller L, Lin D. Microplastic Strategy Update. Richmond, CA: San Francisco

Estuary Institute; 2019 p. 34. Report No.: SFEI Contribution Number 951.

88. Azoulay D, Villa P, Arellano Y, Gordon M, Moon D, Miller K, et al. Plastic and Health: The Hidden Cost

of a Plastic Planet. 2019. Available from: www.ciel.org/plasticandhealth/.

89. Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, et al. Plastic waste inputs from land into the ocean. Science. 2015;
347: 768–771. https://doi.org/10.1126/science.1260352 PMID: 25678662

90. Europe Plastic. Plastics—the facts 2015 an analysis of European plastics production, demand and waste data. 2017.

91. Lebreton L, Andrady A. Future scenarios of global plastic waste generation and disposal. Palgrave Commun. 2019; 5: 6. https://
doi.org/10.1057/s41599-018-0212-7

92. Wright SL, Kelly FJ. Plastic and Human Health: A Micro Issue? Environ Sci Technol. 2017; 51: 6634– 6647. https://doi.org/10.1021/



Volume 36 Number 2 Renewable Resources Journal 19

acs.est.7b00423 PMID: 28531345

93. Burres E. Conducting Rapid Trash Assessments. 2009. Available from: https://www.waterboards.ca. gov/water_issues/programs/
swamp/docs/cwt/guidance/4311b.pdf. https://doi.org/10.1016/j. marpolbul.2009.06.014 PMID: 19635625

94. The California Water Boards. Annual Trash Data Dive. 20 Dec 2019 [cited 28 Apr 2020]. Available from: https://
www.waterboards.ca.gov/resources/data_databases/a_t_datadive.html#2018inaugural_tdd.

95. Ocean Protection Council. Resolution of the California Ocean Protection Council On Reducing and Preventing Marine Debris. 2007 p.
4. Available from: http://www.opc.ca.gov/webmaster/ftp/pdf/docs/ Documents_Page/Resolutions/MarineDebris_Resolution.pdf.

96. Ocean Protection Council and National Ocean and Atmospheric Administration Marine Debris Pro- gram. California Ocean Litter
Prevention Strategy: Addressing Marine Debris from Source to Sea. 2018 p. 48.

97. Southern California Coastal Water Research Project. International study kicks off to standardize microplastics monitoring methods. 15
Nov 2019. Available from: https://www.sccwrp.org/news/ international-study-kicks-off-to-standardize-microplastics-monitoring-
methods/. [cited 2020 Apr 28].

98. California Ocean Protection Council. OPC Science Advisory Team (OPC-SAT). [cited 2020 Apr 28]. Available from: http://
www.opc.ca.gov/science-advisory-team/.

99. Bokkers B, van de Ven B, Janssen P, Bil W, van Broekhuizen F, Zeilmaker M, et al. Per-and polyfluor- oalkyl substances (PFASs) in food
contact materials. 2019.

100. Joerss H, Apel C, Ebinghaus R. Emerging per- and polyfluoroalkyl substances (PFASs) in surface water and sediment of the North and
Baltic Seas. Sci Total Environ. 2019; 686: 360–369. https://doi. org/10.1016/j.scitotenv.2019.05.363 PMID: 31181522

101. Rulis A. U.S. FDA: Agency Response Letter GRAS Notice No. GRN 000082. 2002. Available from: https://wayback.archive-
it.org/7993/20171031023801/https://www.fda.gov/Food/ IngredientsPackagingLabeling/GRAS/NoticeInventory/ucm154595.htm.

102. Ateia M, Maroli A, Tharayil N, Karanfil T. The overlooked short- and ultrashort-chain poly- and per- fluorinated substances: A review.
Chemosphere. 2019; 220: 866–882. https://doi.org/10.1016/j. chemosphere.2018.12.186 PMID: 33395808

103. Brennholt N, Heß M, Reifferscheid G. Freshwater microplastics: challenges for regulation and man- agement. Freshwater
Microplastics. Cham: Springer; 2018. pp. 239–272.

104. State Water Resources Control Board. Resolution No. 2020–0021. Adoption of Definition of “Micro- plastics in Drinking Water.” Jun
16, 2020. Available from: https://www.waterboards.ca.gov/board_ decisions/adopted_orders/resolutions/2020/rs2020_0021.pdf.

105. World Health Organization. Microplastics in drinking-water. Geneva; 2019. Available from: http:// edepot.wur.nl/498693.

106. Shen M, Song B, Zeng G, Zhang Y, Huang W, Wen X, et al. Are biodegradable plastics a promising solution to solve the global plastic
pollution? Environ Pollut. 2020; 263: 114469. https://doi.org/10. 1016/j.envpol.2020.114469 PMID: 32272422

107. Cousins IT, DeWitt JC, Glu ̈ge J, Goldenman G, Herzke D, Lohmann R, et al. Strategies for grouping per- and polyfluoroalkyl
substances (PFAS) to protect human and environmental health. Environ Sci Process Impacts. 2020; 10.1039.D0EM00147C. https://
doi.org/10.1039/d0em00147c PMID: 32495786

108. Kwiatkowski CF, Andrews DQ, Birnbaum LS, Bruton TA, DeWitt JC, Knappe DRU, et al. Scientific Basis for Managing PFAS as a
Chemical Class. Environ Sci Technol Lett. 2020; acs.estlett.0c00255. https://doi.org/10.1021/acs.estlett.0c00255

109. Twiss MR. Standardized methods are required to assess and manage microplastic contamination of the Great Lakes system. J Great
Lakes Res. 2016; 42: 921–925.

110. Hidalgo-Ruz V, Gutow L, Thompson RC, Thiel M. Microplastics in the Marine Environment: A Review of the Methods Used for
Identification and Quantification. Environ Sci Technol. 2012; 46: 3060–3075. https://doi.org/10.1021/es2031505 PMID: 22321064

111. Primpke S, Christiansen SH, Cowger W, De Frond H, Deshpande A, Fischer M, et al. Critical Assess- ment of Analytical Methods for
the Harmonized and Cost Efficient Analysis of Microplastics. Appl Spectrosc. 2020; 000370282092146. https://
doi.org/10.1177/0003702820921465 PMID: 32249594

112. Koelmans AA, Besseling E, Foekema E, Kooi M, Mintenig S, Ossendorp BC, et al. Risks of Plastic Debris: Unravelling Fact, Opinion,
Perception, and Belief. Environ Sci Technol. 2017; 51: 11513– 11519. https://doi.org/10.1021/acs.est.7b02219 PMID: 28971682



Volume 36 Number 2 Renewable Resources Journal 20

Available federal data on flooding, storm surge,
wildfires, and sea level rise suggest that about 60
percent (945 of 1,571) of all nonfederal National
Priorities List (NPL) sites are located in areas that may
be impacted by one or more of these potential climate
change effects. These data, however, may not fully
account for the number of nonfederal NPL sites that
may be in such areas because (1) federal data are
generally based on current or past conditions; (2) data
are not available for some areas; and (3) the Fourth
National Climate Assessment (NCA) has reported that
climate change may exacerbate flooding, storm surge,
and wildfires in certain regions of the United States. In
addition, the Environmental Protection Agency (EPA)
does not have quality information on the boundaries
of nonfederal NPL sites, which could affect its ability to
identify the number of sites that may be impacted by
one or more of these potential climate change effects.

Available federal data suggest that 945 of 1,571
nonfederal NPL sites, or about 60 percent, are located
in areas that may be impacted by selected climate
change effects—that is, 0.2 percent or higher annual
chance of flooding or other flood hazards, storm surge
from Category 4 or 5 hurricanes, high and very high
wildfire hazard potential, and sea level rise of up to 3
feet. The locations of these sites are shown in figure 1;
the full results of our analysis and additional
information on these sites is available in the
interactive map and downloadable data file, which can
be viewed at https://www.gao.gov/products/
GAO-20-73.

Our analysis, however, may not fully account for the
number of nonfederal NPL sites that may be impacted
by the effects of climate change for various reasons.

First, we represented the areas of nonfederal NPL sites
based on a 0.2-mile radius around their primary
geographic coordinates, which may not accurately
reflect their area (i.e., they may be larger or smaller).
We did not analyze site-specific information for these
nonfederal NPL sites, including the extent of
contamination and location of remedies. Such site-
specific analyses would be needed to determine
whether there is a risk to human health and the
environment at nonfederal NPL sites as a result of
these potential climate change effects.

Further, according to the NCA, EPA documents, and
interviews with EPA officials, there may be other
climate change effects that could impact nonfederal
NPL sites, such as potential increases in salt water
intrusion (the movement of saline water into
freshwater aquifers), drought, precipitation, hurricane
winds, and average and extreme temperatures; we did
not analyze these effects because we did not identify
relevant national-level federal data sets.

Flooding

We identified 783 nonfederal NPL sites—
approximately 50 percent—in areas that the Federal
Emergency Management Agency (FEMA) had
identified as having 0.2 percent or higher annual
chance of flooding, which FEMA considers moderate
flood hazard, or other flood hazards, as of October
2018.1 Of these 783 sites, our analysis shows that 713
—approximately 45 percent of all sites—are currently
located in areas with 1 percent or higher annual
chance of flooding, FEMA’s highest flood hazard
category. We provide information on the number of
sites in areas with moderate or other flood hazards
because, according to the NCA, heavy rainfall is

Superfund: EPA Should Take Additional Actions to
Manage Risks from Climate Change
U.S. Government Accountability Office

1Other flood hazards include areas with reduced risk because of levees as well as areas with flood hazard based on future conditions, for
example, if land use plans were implemented. FEMA considers areas with at least 0.2 percent annual chance of flooding as having
moderate flood hazard and those with 1 percent or higher annual chance of flooding to be Special Flood Hazard Areas (i.e., those with the
highest chance of flooding).

https://www.gao.gov/products/GAO-20-73
https://www.gao.gov/products/GAO-20-73
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increasing in intensity and frequency across the United States and is expected to continue to increase, which
may lead to an increase in flooding in the future. The full results of our analysis—which include information on
the sites in areas that may have 1 percent or higher annual chance of flooding, 0.2 percent or higher annual
chance of flooding or other identified flood hazards, unknown flood hazard or no data, and minimal flood hazard
—are available in our interactive map, which can be viewed here. For example, there are a number of
nonfederal NPL sites in EPA Region 7, where states experienced record flooding in early 2019. Specifically, as
seen in figure 2, there are 51 sites that are located in areas with 0.2 percent or higher annual chance of flooding
or other identified flood hazards, of which 42 are located in areas with 1 percent or higher annual chance of
flooding.

Nationwide, the number of nonfederal NPL sites in areas that may be impacted by flooding currently may be
higher than 783. Specifically, 217 nonfederal NPL sites are located in areas that FEMA has not assessed for flood
hazards or that we did not analyze because the data were not available in a form we could use with our mapping
software.

 

Figure 1: EPA’s Nonfederal NPL Sites in Areas That May Be Impacted by Flooding, Storm Surge, Wildfire, or Sea
Level Rise

https://www.gao.gov/products/gao-20-73
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Storm Surge

We identified 187 nonfederal NPL sites—12 percent—in areas that may be inundated by storm surge
corresponding to Category 4 or 5 hurricanes, the highest possible category, based on the National Oceanic and
Atmospheric Administration’s (NOAA) storm surge model as of November 2018.2 Of these sites, 102 are located
in areas that may be inundated by a storm surge corresponding to Category 1 hurricanes. We analyzed areas
that may be inundated by a storm surge corresponding to the highest possible category because, according to
the NCA, a projected increase in the intensity of hurricanes in the North Atlantic could increase the probability
of extreme flooding because of storm surge along most of the Atlantic and Gulf Coast states, beyond what
would be projected based solely on relative sea level rise. However, the NCA stated that there is uncertainty in
the projected increase in frequency or intensity of Atlantic hurricanes, and other factors may affect the potential
for flooding because of storm surge, such as changes in overall storm frequency or tracks. The full results of our
analysis, which include information on the number of sites in areas that may be inundated by storm surge from
Category 1 and from Category 4 or 5 hurricanes, are available in our interactive map, which can be viewed here.
In EPA Regions 2 and 3, where states experienced damage from two major hurricanes in 2017, there are 87
nonfederal NPL sites located within areas that may be inundated by storm surge from Category 4 or 5

 

Figure 2: Nonfederal NPL Sites in EPA Region 7 Located in Areas That May Be Impacted by Flooding

2According to a NOAA website, the model does not account for future conditions, such as erosion, subsidence (i.e., the sinking of an area
of land), construction, or sea level rise.
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hurricanes.3 Figure 3 shows these 87 sites, of which 54 sites may be inundated by storm surge from Category 1
hurricanes.

Nationwide, the number of nonfederal NPL sites in areas that may be impacted by storm surge may be higher
than 187 because NOAA has not modeled areas along the West Coast and Pacific islands other than Hawaii.4

Further, our analysis did not include other potential impacts from hurricanes, such as rainfall. Figure 4 shows an
example of the impact of rainfall caused by a hurricane at the American Cyanamid NPL site.

 

Figure 3: Nonfederal NPL Sites in EPA Regions 2 and 3 Located in Areas That May Be Impacted by Storm Surge

3Hurricanes Irma and Maria made landfall in Puerto Rico and the U.S. Virgin Islands in September 2017. These storms are considered
among the five costliest hurricanes on record, according to FEMA.

4Our analysis may not accurately account for the impacts of storm surge because we included sites in areas that are protected by levees.
NOAA officials told us that storm surge in these areas is difficult to model.
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Wildfires

We identified 234 nonfederal NPL sites—15 percent—located in areas that have high or very high wildfire
hazard potential—those more likely to burn with a higher intensity, based on a U.S. Forest Service model as of
July 2018. For this analysis, we combined the high and very high wildfire hazard potential categories; we did not
identify the number of sites in each of these categories separately. We did not analyze areas that currently have
moderate or lower wildfire hazard potential because those with moderate or lower wildfire hazard potential are
less likely to experience high-intensity wildfire and the extent to which wildfire hazard potential may change in
the future is unknown. The full results of our analysis on the number of sites in areas with high or very high
wildfire hazard potential are available in our interactive map, which can be viewed here. As seen in figure 5,
there are 22 nonfederal NPL sites in areas with high or very high wildfire hazard potential in EPA Region 9, a
region that experienced wildfires in 2018, including the highly destructive Carr Fire.5

Nationwide, the number of nonfederal NPL sites in areas that currently have high wildfire hazard potential may
be higher than 234 because wildfire hazard data are only available for the contiguous United States (i.e., there
are no data for Alaska, Hawaii and other Pacific islands, Puerto Rico, and the U.S. Virgin Islands). According to
the NCA, the incidence of large forest fires in the western United States and Alaska has increased since the early
1980s and is projected to further increase in those regions as the climate changes. However, the NCA noted that
analyses regarding the effect of climate change on the incidence of wildfire in other parts of the United States
are not readily available, so it is unknown how climate change will affect the number of nonfederal NPL sites in
areas rated with high or very high wildfire hazard potential nationwide. As figure 6 shows, wildfires can pose
risks at nonfederal NPL sites, such as the Iron Mountain Mine site near Redding, California.

 

Figure 4: American Cyanamid National Priorities List Site—New Jersey

5The Carr Fire began on July 23, 2018, within the Whiskeytown National Recreation Area in Northern California, and by the time it was
contained on August 30, 2018, it had covered approximately 229,651 acres and destroyed over 1,000 residences.

https://www.gao.gov/products/GAO-20-73


Volume 36 Number 2 Renewable Resources Journal 25

Sea Level Rise

We identified 110 nonfederal NPL sites—7 percent—located in areas that would be inundated by a sea level rise
of 3 feet, based on our analysis of EPA and NOAA data as of March 2019 and September 2018, respectively. Our
analysis shows that if sea level in these areas rose by 1 foot, 97 sites would be inundated. If sea level in these
areas rose by 8 feet, 158 sites would be inundated. We also identified 84 nonfederal NPL sites that are located in
areas that may already be inundated at high tide.6 We provide the number of sites in areas that may be
impacted by these sea level rise heights because, according to the NCA, global average sea levels are very likely
to continue to rise by at least several inches in the next 15 years and by 1.0 to 4.3 feet by 2100. Further, the NCA
states that a rise of as much as 8 feet by 2100 cannot be ruled out. The full results of our analysis, which include
information on the number of sites in areas that may already be inundated at high tide and that would be

 

Figure 5: Nonfederal NPL Sites in EPA Region 9 Located in Areas with High or Very High Wildfire Hazard

6These sites are located in areas at 0-foot sea level rise, which according to NOAA data is equivalent to the water level at the average of
the highest of the two daily tides from 1983 to 2001.
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inundated if sea level rose by 1 foot, 3 feet, and 8 feet, are available in our interactive map, which can be viewed
here. There are 23 nonfederal NPL sites located within areas that may be impacted if sea level rose by up to 3
feet in EPA Region 6, a region that has experienced land loss because of sea level rise and coastal flooding,
according to the NCA.7 In addition, as seen in figure 7, 16—or 70 percent—of these sites may already be
inundated at high tide.

Nationally, the number of nonfederal NPL sites that may be inundated by various heights of sea level rise will
vary from the results of our analysis because different parts of the United States may experience higher or lower
sea level rise than the global average. For example, the NCA states that sea level rise will be higher than the
global average on the East and Gulf Coasts of the United States and lower than the global average in most of the
Pacific Northwest and in Alaska. As can be seen in figure 8, sea level rise and other coastal hazards may impact
nonfederal NPL sites, such as the one in the San Jacinto River Waste Pits site in Texas, parts of which are already
under water.

EPA Does Not Have Quality Information on the Boundaries of Nonfederal NPL Sites

EPA does not have quality information on the boundaries of nonfederal NPL sites, which could affect its ability to
identify the number of sites that may be impacted by one or more of these potential climate change effects.8

7There are 18 nonfederal NPL sites in EPA Region 6 that would be inundated if sea level rose by 1 foot. In addition, 28 nonfederal NPL
sites would be inundated if sea level rose by 8 feet in that region.

8According to 2018 EPA guidance, site boundaries identify the geographic extent of the site as a whole, including areas of contamination,
and those boundaries change over time. Environmental Protection Agency, Office of Land and Emergency Management, Collection and
Documentation of General Descriptive Geospatial Site Data, Version 3.4 (May 2018).

 

Figure 6: Iron Mountain Mine National Priorities List Site—California

https://www.gao.gov/products/GAO-20-73
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According to EPA officials, EPA has not validated data on site boundaries and EPA’s regional offices do not use a
consistent geographic standard,9 which makes it difficult to produce a national data set. In general, EPA officials
told us that information on the boundaries of NPL sites has not been a focus at a national level and is not yet
subject to quality standards. For example, EPA officials told us that boundary information for each NPL site
represents the remedial project manager’s professional judgment and remedial project managers may
determine and record the boundaries of sites differently.

EPA has taken some initial actions to improve the quality of information on the boundaries of nonfederal NPL
sites. In November 2017, the Office of Superfund Remediation and Technology Innovation issued a directive to
all regional Superfund division directors recommending national standards for collecting and maintaining
geographic information, including site boundaries.10 EPA’s 2017 directive notes that using national standards to

 

Figure 7: Nonfederal NPL Sites in EPA Region 6 Located in Areas That Would Be Inundated by Sea Level Rise

9Geographic standards include, for example, using the same geodetic datum, which, according to a NOAA website, uses a reference
surface (such as sea level) to provide known locations to begin surveys and create maps. See https://www.ngs.noaa.gov/datums/
index.shtml, accessed on July 26, 2019.

10Environmental Protection Agency, Office of Superfund Remediation and Technology Innovation,Memo on Geospatial Superfund Site
Data Definitions and Recommended Practices, OLEM Directive 9200.2-191 (Nov. 29, 2017).
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collect geographic information, including site boundaries, promotes EPA’s reporting and analytical efforts to
support program implementation and evaluation. In addition, in May 2018, EPA’s Office of Land and Emergency
Management developed technical guidance for all its regions and programs for collecting, documenting, and
managing geographic information on Superfund sites, including their boundaries.11 EPA officials told us that in
2019 and 2020, the agency plans to move toward recording site boundaries in a consistent format across regions
and instituting procedures to validate and update them at least annually.

However, EPA officials told us that there is no schedule in place for completing this effort and they are uncertain
when they will complete it because of competing priorities. By developing a schedule for completing the
standardization and improvement of the quality of the information on the boundaries of nonfederal NPL sites,
EPA could more reasonably ensure that it would have quality information with which to fully identify nonfederal
NPL sites that are located in areas that may be impacted by climate change effects.

Recommendations for Executive Action

GAO is making four recommendations to EPA, including that it clarify how its actions to manage risks at
nonfederal NPL sites from potential impacts of climate change align with current goals and objectives. EPA
agreed with one recommendation and disagreed with the other three. GAO continues to believe that all four are
warranted. The recommendations are as follows:

1) The Director of the Office of Superfund Remediation and Technology Innovation should establish a schedule
for standardizing and improving information on the boundaries of nonfederal NPL sites.

• Status: In its June 2020 response, EPA stated that it had convened a working group comprising of
Superfund and regional officials to collect and disseminate geospatial information for all NPL sites to help
EPA analyze, communicate, and respond to the impacts of natural disasters and weather. EPA has not,
however, provided a schedule for completing this effort.

 

Figure 8: San Jacinto River Waste Pits National Priorities List Site—Texas

11Environmental Protection Agency, Office of Land and Emergency Management, Collection and Documentation of General Descriptive
Geospatial Site Data, Version 3.4 (May 2018).
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2) The Administrator of EPA should clarify how EPA’s actions to manage risks to human health and the
environment from the potential impacts of climate change effects at nonfederal NPL sites align with the
agency’s current goals and objectives.

• Status: In June 2020, EPA stated that it agreed with the recommendation but did not plan to take any
action to respond to it because it believed its actions are aligned with agency goals and objectives. In
April 2021, EPA stated that it is considering whether to take action responsive to the recommendation.
We continue to believe that clarifying this alignment to the agency’s current goals and objectives is
warranted.

3) The Director of the Office of Superfund Remediation and Technology Innovation should provide direction
on how to integrate information on the potential impacts of climate change effects into risk assessments at
nonfederal NPL sites.

• Status: In June 2020, EPA stated that it would issue a memorandum that would provide direction on
integrating information on the potential impacts of climate change effects into risk assessments at
nonfederal NPL sites in the fourth quarter of fiscal year 2020. In April 2021, EPA stated that this
memorandum is now expected to be released in May 2021. At that time, we will review the
memorandum to determine if it is responsive to our recommendation.

4) The Director of the Office of Superfund Remediation and Technology Innovation should provide direction
on how to integrate information on the potential impacts of climate change effects into risk response
decisions at nonfederal NPL sites.

• Status: In June 2020, EPA stated that it would issue a memorandum that would provide direction on
integrating information on the potential impacts of climate change effects into risk response decisions at
nonfederal NPL sites in the fourth quarter of fiscal year 2020. In April 2021, EPA stated that the
memorandum is now expected to be released in May 2021. At that time, we will review the
memorandum to determine if it is responsive to our recommendation.
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News and Announcements

Renewable Natural Resources Foundation

Upcoming Virtual Round Table: Sustainably Managing California's Groundwater in the Midst of
a Prolonged Drought

Register Here

June 9, 2021

1:00 – 2:00 PM (ET)

Online Webinar

RNRF is pleased to welcome Ellen Hanak, vice president of the Public Policy Institute
of California and director of the PPIC Water Policy Center, to speak at the Washington
Round Table on Public Policy.

California, a historically dry state, experienced one of its worst periods of drought on record between 2012
and 2016. During times like these, the state tends to rely on its groundwater reserves more than normal,
especially to support its large agricultural sector. This has led to the steady depletion of California’s
groundwater, causing problems like land subsidence in the San Joaquin Valley and drinking water wells going
dry. In response to this problem, California enacted the Sustainable Groundwater Management Act in 2014.
This law aims to achieve sustainable groundwater management in California by the early 2040s. Now, as
California is entering another drought, the act is being put to its first major test.

Hanak will speak about the imbalance between supply and demand for water in California as it relates
to drought, climate change, and agricultural production, and the consequences for groundwater sustainability.
She will also discuss challenges to the early stages of the Sustainable Groundwater Management
Act’s implementation in the context of California’s current drought.

Under Hanak's leadership, the PPIC Water Policy Center has become a critical source of information and
guidance for natural resource management in California. Her other areas of expertise include climate change
and infrastructure finance. Previously, she served as research director at PPIC. Before joining PPIC, she held
positions with the French agricultural research system, the President’s Council of Economic Advisers, and the
World Bank. She holds a PhD in economics from the University of Maryland.

The round table will be conducted virtually via ZoomWebinars. Once registered, and in advance of the
event, you will receive a link and instructions for joining the webinar.

Now Accepting Nominations for RNRF’s 2021 Awards Program

RNRF is now accepting nominations for its 2021 Awards Program.

The Sustained Achievement Award recognizes a long-term contribution and commitment to
the protection and conservation of natural resources by an individual.

The Outstanding Achievement Award recognizes a project, publication, piece of legislation,
or similar concrete accomplishment that occurred during the three years prior to nomination
for the award.

The Excellence in Journalism Award honors and encourages excellence in print journalism
about natural resources, recognizes work by an individual, group, or organization for both
print and digital media.

https://us02web.zoom.us/webinar/register/WN_6pr5WIRPSaO49AqGlgeGwg
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Nominations will be accepted until June 1, 2021.

For more information on selection criteria, eligibility, and submission instructions, visit the Call for 2021 Awards
Nominations.

For more information on RNRF’s Awards Program and lists of past winners, visit RNRF’s Awards Program page.

American Meteorological Society

102nd AMS Annual Meeting

23-27 January 2022

Houston, Texas

Planning is underway for the 2022 AMS Annual Meeting to be held 23–27 January 2022 in Houston, Texas at the
George R. Brown Convention Center.

We are excited about how our theme for this 102nd Annual Meeting: “Environmental Security: Weather, water,
and climate for a more secure world” has come together thanks to the hard work of the Overall Planning
Committee, John Lanicci and Gina Eosco (co-chairs), Andrea Bleistein, Roger Pulwarty, and Eileen Shea.

For more information, click here.

American Society of Civil Engineers

ASCE 2021 Convention

6-8 October, 2021

Virtual

The ASCE Convention is the Society’s flagship membership event. It is the single annual opportunity that the
entire Society is represented together and reflects the diversity of civil engineering that ASCE encompasses. The
program for the Convention will be of an integrated, cross-cultural, technical, and educational nature.

For more information, click here.

American Society of Landscape Architects Fund

ASLA Congratulates New Interior Secretary on her Historic Confirmation

On March 15, then-Representative Deb Haaland (NM) was confirmed by the U.S. Senate to become the U.S.
Secretary of the Interior and was sworn into office on the following day. Her nomination and confirmation are
historic in nature. Sec. Haaland, a 35th generation New Mexican and enrolled member of the Laguna Pueblo
Tribe, is the first ever Native American cabinet secretary.

On March 17, the New Mexico Chapter of ASLA and government affairs staff sent a letter to Sec. Haaland
congratulating her on her confirmation and providing insight on climate change, natural and cultural resources,
and outdoor recreation policies for our public lands. ASLA National followed up with our own letter of
congratulations, with an offer to work with the Secretary and DOI staff on issues of mutual importance. This is in
addition to ASLA sharing a comprehensive set of policy recommendations with the administration.

To read more, click here.

https://rnrf.org/call-for-2021-award-nominations/
https://rnrf.org/call-for-2021-award-nominations/
https://rnrf.org/awards/
https://annual.ametsoc.org/index.cfm/2022/about-the-meeting/theme-of-the-ams-102nd-annual-meeting/
https://annual.ametsoc.org/index.cfm/2022/about-the-meeting/theme-of-the-ams-102nd-annual-meeting/
https://annual.ametsoc.org/index.cfm/2022/
https://www.asce.org/
https://convention.asce.org
https://www.asla.org/uploadedFiles/CMS/Advocate/Hyperlinked_documents/NMASLA_letter_Sec_Haaland.pdf
https://www.asla.org/uploadedFiles/CMS/Advocate/Hyperlinked_documents/ASLACongratsLetter_Sec_Haaland.pdf
https://www.asla.org/uploadedFiles/CMS/Government_Affairs/ASLATransitionDocument2020.pdf
https://www.asla.org/NewsListingDetails.aspx?id=59532
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American Water Resources Association

WEBINAR: What Does Water Justice Require of You?

23 June, 2021

Virtual

The Biden administration has shifted the focus of environmental and natural resources policy toward
environmental justice in a startling and profound manner. The water sector will benefit from a substantial flow
of new resources, but those resources will be conditioned on better serving marginalized communities and
satisfying the demands of environmental justice. This webinar will explore the practical implications of this
paradigmatic shift for water resources professionals.

For more information, click here.

Geological Society of America

Plastic Pollution in the Deep Sea: A Geological Perspective

Boulder, Colo., USA: A new focus article in the May issue of Geology summarizes research on plastic waste in
marine and sedimentary environments. Authors I.A. Kane of the Univ. of Manchester and A. Fildani of the Deep
Time Institute write that “Environmental pollution caused by uncontrolled human activity is occurring on a vast
and unprecedented scale around the globe. Of the diverse forms of anthropogenic pollution, the release of
plastic into nature, and particularly the oceans, is one of the most recent and visible effects.”

The authors cite multiple studies, including one in the May issue by Guangfa Zhong and Xiaotong Peng,
discussed in a previous GSA press release when it was published online ahead of print (26 Jan. 2021). Zhong and
Peng were surprised to find plastic waste in a deep-sea submarine canyon located in the northwestern South
China Sea.

To read more, click here.

https://www.awra.org/Members/Events_and_Education/2021_Webinars/WEBINAR_Water_Justice.aspx
https://www.geosociety.org/GSA/News/pr/2021/21-04.aspx
https://www.geosociety.org/GSA/News/pr/2021/21-28.aspx
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