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Abstract

Recent evidence suggests that microplastic particles are pervasive and potentially of great risk to both animal and human

health. The California legislature has responded to this information by enacting two new bills that require quantification of

microplastics in various media and development of new management strategies to address microplastic pollution.

However, there are several scientific gaps that impede the development and implementation of necessary management

strategies to address microplastic pollution. In this paper, we use the California experience as a case study to provide

perspective on those science gaps, the current barriers to science affecting management, and the actions scientists can take

to best ensure their efforts are of greatest value to policymakers and the management community.
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Introduction

As the amount of plastic in the environment has expanded, so

has the number of legislative solutions intended to reduce

that spread.1–2 This trend has been very apparent in the

State of California, which has enacted several policies to

reduce inputs to the environment, including a statewide ban

on carry-out plastic bags at grocery stores, a law requiring sit-

down restaurants to only distribute single-use plastic straws

to customers upon request, and regulations that limit the use

of plastic microbeads in personal care products.3–5 California

has placed particular emphasis on protection of the aquatic

environment, with the State Water Resources Control Board

(SWRCB) adopting a trash policy that requires complete cap-

ture of all trash particles >5 mm from stormwater runoff, or

demonstration that alternative approaches, such as public

education, are as effective as capture control systems.6 The

California Ocean Protection Council (OPC) has incorporated

directives into a broader management scheme in their Ocean

Litter Prevention Strategy, which was jointly developed with

the National Oceanic and Atmospheric Administration’s

Marine Debris Program.7 The Ocean Litter Prevention

Strategy outlines actions that stakeholders and OPC can

take from 2018 through 2024 to prevent and reduce ocean

litter in California.

These initiatives are largely focused on plastics larger

than 5 mm.6,7 However, recent evidence suggests that smal-

ler plastic particles are pervasive and potentially of great

risk to both animal and human health.8,9 Microplastics are

found in remote environments that are considered ‘‘pris-

tine’’, suggesting more widespread exposure than previ-

ously understood.10–12
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The California legislature has responded by enacting two

new bills (Table 1) that require quantification of microplas-

tics in various aquatic media and development of new man-

agement strategies. Still, there are a number of scientific

gaps that impede the development and implementation of

responsive policies. Here, we use the California experience

as a case study to provide perspective on those scientific

gaps, the current barriers to science affecting management,

and the actions scientists can take to best ensure their

efforts are of greatest value to policymakers and the man-

agement community.

Science has the potential to inform both policymakers

and managers, but we concentrate here on the connection

to managers. Policymakers, such as legislators and guberna-

torially appointed agency leaders, focus on determining

which issues to prioritize. In California, the recent legisla-

tive actions have already defined policy directions for

microplastics, and the baton has been passed to managers

who must now implement actions necessary to achieve

those directives. Legislators have great interest in ensuring

that there are measurement programs that characterize

risk, but less interest in determining the specific techniques

used to achieve that end. In contrast, managers have

greater immediate need to interact with scientists to

ensure validity and effectiveness of their actions to imple-

ment policy directives.

Research Gaps

Both California bills require significant scientific advances in

the field of microplastics within a limited timeframe. These

science needs fall into three broad categories. The first is

development of standardized measurement methods, follow-

ing the adage that, ‘‘you cannot manage what you cannot

measure’’. Management strategy development requires

monitoring to assess the relative contributions of multiple

sources and assess the progress toward source reduction, a

framework that is currently being tested in major urban

areas around the world, such as San Francisco, USA,13

Melbourne, Australia,14 and Toronto, Canada.15 Such assess-

ments are of little value if they are confounded by incompar-

ability of measurements among matrices or over time, a

problem that has hampered management efforts for the

environment (e.g., Great Lakes, USA)16 and drinking water

(e.g., Denmark).17 Also, placing results from regional studies

into context of other geographies is important, but only if

analysis methods used across geographies are consistent

enough to warrant such comparisons.18 A principal hin-

drance in the comparability of measurements is the lack of

standardization for microplastics sampling and analysis meth-

ods,19 and, until recently, the lack of quality standards for

reporting measurement data.20,21

A few studies have been conducted to compare results

among measurement methods.22–26 In addition, several

groups, including the Japanese Ministry of the

Environment on behalf of an international consortium,

have published standardized methods.27,28 However, those

efforts have been focused on single or limited media, such

as seafood or the water column, or have focused on only a

subset of required standardization activities, such as field

collection methods, microplastics extraction, or measure-

ment technology. The recent changes in California law

(Table 1) create a need to build on this work and develop

standardized methods for the entirety of the monitoring

process, including sampling, extraction, detection, and char-

acterization of microplastics.

The second science need is application of the methods to

characterize the problem, such as source attribution, spatial

distribution, and trends both within and outside areas where

management actions have been implemented. Method stand-

ardization is an important part of meeting that need, but

another part of the characterization challenge is defining

thresholds. Scientists have made great progress on elucidat-

ing the ubiquitous nature of microplastic pollution,29 but

foundational epidemiological and toxicological questions

remain, including at what point microplastic concentrations

become harmful, rather than just a nuisance.30,31 A large

majority of studies testing toxicological effects of microplas-

tics suffer from lack of test method standardization, making

Table I. Requirements of recent California microplastics

legislation.

Senate Bill 1422: California Safe Drinking Water Act –

Microplastics

Senate Bill 1422 (Portantino, Chapter 902, California Statutes of

2018) charges the SWRCB with developing a monitoring

strategy for determining microplastics concentration in drinking

water, including:

Adopt a definition of microplastics in drinking water by July 2020

Adopt a standard methodology to test drinking water for micro-

plastics by July 2021

Adopt requirements for four years of testing and public reporting

of microplastics in drinking water

If appropriate, consider issuing a notification level or other guid-

ance to aid consumer interpretations of the testing results

Accredit laboratories to analyze microplastics

Senate Bill 1263: Ocean Protection Council – Statewide

Microplastics Strategy

Senate Bill 1263 (Portantino, Chapter 609, California Statutes of

2018) requires OPC to adopt a Statewide Microplastics

Strategy and report to the legislature on implementation by

2025. The bill also requires OPC to develop a prioritized

research plan to support the development of risk assessments

in marine habitat types by 2021, including:

Develop standardized methodologies for sampling, detecting, and

characterizing microplastics in the environment

Characterize ambient concentrations, effects, and sources and

pathways of microplastics

Develop approaches to reduce the introduction of microplastics

into the marine environment, including source control
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them less reproducible and therefore less reliable.32–34 This

problem has, in large part, occurred due to a lack of guidance

on quality assurance and quality control practices for tox-

icological effects studies, a problem which has only recently

been significantly addressed.34

The third science need is developing science-based solu-

tions. There are a number of possible managerial or policy

directions that could be considered, including: reduction of

source material inputs, which is currently being pursued for

intentionally, and unintentionally added microplastics in the

European Union;35,36 or ways to remove materials from the

ambient environment, such as floating interception technol-

ogies,37 which are being implemented around the world,

such as in Jamaica, Indonesia, and Los Angeles,

California,38,39 or more novel, bio-based approaches such

as remediation using clams40 or fungi41 techniques which

have not been applied at scale and for which additional

research is needed to understand effectiveness.42 Even

within a broad category such as source reduction, there

are multiple available strategies such as removal at the

source, removal in the conveyance system, or even limita-

tions at the producer level that would affect the chemical

nature of the source material. Selection among such stra-

tegies requires a firmer understanding of which chemical

classes and size groups present the greatest environmental

risk and which strategies are most appropriate to those risk

groups.

Barriers to Overcome

As scientists work to help fill these needs, it is important to

recognize what divides scientists and managers. First, man-

agers often overestimate the speed with which scientists

can answer questions and may be pressured to act before

the necessary science is available. Most managers have little

appreciation of the complexities of microplastic characteriza-

tion methods, the continual challenges posed by sample con-

tamination,43 and the high costs and extensive skill required

for the methods that exist.44 Thus, there is a burden on sci-

entists to help managers understand that developing standar-

dized methods requires much investigation into how the

intricacies of method permutations affect results.

Similarly, managers may not be cognizant of the need for

more science investment to address the public and envir-

onmental health impacts. The extent to which microplastics

findings have been extensively reported on in the popular

press45 belies the poor underlying state of science and cre-

ates false expectations for both policymakers and man-

agers. Policymakers and managers want to take the steps

necessary to protect public health, wildlife, and inhabitats

from microplastic pollution as soon as they can, but must

be made aware of the state of the science in the face of

demand for action.

On the scientist’s end, the most prominent need is an

appreciation for the value of scientific consensus. Managers

are hesitant to implement programs around a shifting scientific

landscape or where there are competing approaches.

Developing management initiatives is a challenging process,

and managers want to see overarching agreement within

the scientific community on a topic before developing their

directions. As such, they are less likely to take action on a

single scientific manuscript, particularly one reflecting the

thoughts of a small number of researchers, no matter how

groundbreaking the work. Scientists must work collabora-

tively toward an agreed endpoint, as managers are generally

not interested in choosing among differing scientific view-

points. Additionally, they must provide understandable and

easily accessible information that managers can use to

answer policy-relevant questions; synthesis documents such

as recent reports from the World Health Organization31 and

Canadian government46 are particularly useful.

Another necessary recognition is that the goal is not to

create approaches that are achievable only by the most

proficient experts, but approaches that are transferable

and repeatable among a wide array of laboratories, some

of which will be introduced to microplastics for the first

time as a result of legislation. The needs from a manage-

ment perspective can differ from that of an academic; aca-

demic experts might be satisfied with harmonized methods,

but standardized methods are an essential requirement for

labs processing samples in a regulatory context. Finally,

methods must be detailed enough so that managers can

establish expectations from an Environmental Laboratory

Accreditation Program that ensures the generation of

environmental and public health data are of known, con-

sistent, and documented quality.

Once a clear understanding of the sources, pathways,

and effective mitigation strategies for plastic into the envir-

onment are established, successful intervention strategies

are contingent on the establishment of holistic, multi-

national approaches due to the nuanced multidimensional-

ity of the problem,47,48 and the global scale of the

environmental threat.49 Such a multinational management

framework is being implemented in the European Union, in

which a transnational policy is enforced at local and regional

scales, ensuring action is understood and supported in the

public domain.50 In West Africa, 12 out of 16 countries have

instituted single-use plastic reduction policies (bans); how-

ever, coordination is not as effective as in Europe.51 In

multinational, and even single states, seamless integration

between multiple agencies is critical to providing a success-

ful catchment-to-coast management framework.52

While these challenges are real, California presents an

ideal opportunity for scientific-management exchange.

California policymakers and managers recognize the value

of science to inform effective management strategies. The

state’s legislative demand for science products creates an

opportunity for scientists to contribute their work to dir-

ectly inform management of microplastic pollution and sub-

sequent future policy development.
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49. P. Villarrubia-Gómez, S.E. Cornell, J. Fabres. ‘‘Marine Plastic Pollution

as a Planetary Boundary Threat: The Drifting Piece in the Sustainability

Puzzle’’. Mar. Policy. 2018. 96: 213–220.

50. J.E. Black, K. Kopke, C. O’Mahony. ‘‘A Trip Upstream to Mitigate

Marine Plastic Pollution: A Perspective Focused on the MSFD and

WFD’’. Front. Mar. Sci. 2019. 6: 689.

51. I. Adam, T.R. Walker, J.C. Bezerra, et al. ‘‘Policies to Reduce Single-Use

Plastic Marine Pollution in West Africa’’. Mar. Policy. 2020. 116:

103928.
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