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Abstract

The global ubiquity and demonstrated toxicity of microplastics has led governments around the world to express
the need for a risk assessment on microplastics. To conduct a risk assessment, scientists often draw upon frameworks
from other contaminants, however we argue that microplastics are a unique pollutant and thus require a unique
framework. Microplastics are a multidimensional contaminant, di ering in size, shape, polymer type, and chemi-

cal cocktail. Each of these dimensions may influence the toxicity of the particle. Furthermore, microplastic pollution
exists as a complex and dynamic mixture of particles, that varies over temporal and spatial scales. Thus, we propose a
multidimensional risk framework for microplastics that incorporates, rather than simplifies, the multidimensionality of
the contaminant as well as the contaminant mixture. With this framework, we can calculate a particle-specific hazard

value that describes the potential for a single particle to cause harm based on its chemical and physical properties.
The particle-specific hazard values can then be combined based on the number and type of particles in an envi-
ronmental sample to inform the overall hazard value of the sample. The risk of the sample can then be calculated,
which is dependent on the overall hazard value and the concentration of particles in the sample. Risk values among
samples in the environment can be compared to illustrate di erences among locations or seasons, or can be placed
in a management framework with thresholds to guide regulatory decisions. To demonstrate the utility of our pro-
posed framework, we perform a case study using data from San Francisco Bay. Our proposed framework is just that,
and requires new research for application. To strengthen the ability of this framework to accurately predict risk, we
propose a testing scheme that prioritizes strategic experimental designs that will increase our understanding of how
each dimension of microplastics a ect the toxicity (or hazard value) of a particle.
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Introduction

e global ubiquity and demonstrated toxicity of micro-
plastics has led governments around the world to express
the need for a risk assessment on microplastics, or at
least a framework for performing one. Environmental
or ecological risk assessments are traditionally used to
evaluate the impacts of a substance on wildlife and eco-
systems. ey combine the hazard of the substance (its
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potential to produce harm) and its exposure (likelihood
of wildlife interacting with the substance) to calculate
risk, and are used to inform management decisions.
Without local risk assessments, how can governments
advise on how much microplastic is too much in drinking
water, fish tissue, or an aquatic ecosystem? Because there
are tens of thousands of chemicals on the market [1], one
might think that scientists and decision-makers could
easily use lessons learned from another contaminant to
inform a risk assessment framework for microplastics.
Yet, it is not that simple.
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Microplastics are unlike other environmental contami-
nants, making it di cult to assess their toxicity. ey are
a multidimensional contaminant, varying in shape, size,
polymer type, additive chemistry, and sorbed environ-
mental contaminants [2]. Unlike trace metals or persis-
tent organic pollutants, microplastics are both a chemical
and a physical stressor [3].  eir chemical stress is driven
by the complex suite of chemicals with which they are
associated, made up of unreacted monomers, additives
from manufacturing, and sorbed environmental contam-
inants such as persistent organic pollutants and heavy
metals [4].  eir physical stress is driven by the particles
themselves, which may lacerate tissue, cause inflamma-
tion, or lead to food dilution [5].

One of the barriers to conducting a risk assessment for
microplastics is the di culty in assessing their hazard,
which is driven by their multidimensionality. Exercises
aiming to conduct a risk assessment end up in conversa-
tions about whether to treat the contaminant as a particle
or a chemical, or whether to have a di erent risk assess-
ment for di erent shapes, sizes, polymers, etc. Some
groups have developed risk assessment frameworks that
simplify the dimensions of microplastics by aligning all
particles in a sample to a standardized shape and size
range [6—8]. In this paper, we aim to develop a framework
that maintains the complexity of microplastics by captur-
ing the hazard associated with both their physical and
chemical characteristics to assess risk.

Toxicity testing to date has suggested that many sizes,
types, and shapes of microplastics can be harmful to
organisms [9, 10]. Although most studies have not been
designed to answer questions about how the dimensions
of microplastics drive toxicity, some studies have made a
concerted e ort to do this. For example, Abarghouei et al.
[11] exposed goldfish to 0.25 um and 8 um PS fragments
and found that smaller particles induced more severe his-
tological lesions in the liver, intestines, and gills. Polymer
type has also been identified as a potential driver of toxic-
ity, as some polymer types are made up of monomers that
are inherently more toxic than others, in addition to the
specific additive loads associated with each polymer type
as a finished product. Lithner et al. [12] classified poly-
mer types by the hazard of their monomers, indicating
that polypropylene (PP) and polyethylene (PE) are among
the least hazardous while polyvinyl chloride (PVC) and
polystyrene (PS) are among the most hazardous. Empiri-
cal testing with the leachates from di erent plastic prod-
ucts confirmed these classifications, where leachates
from all PVC products tested were acutely toxic to D.
magna and only one leachate from ten PE or PP prod-
ucts was toxic [13]. Finally, the presence of sorbed envi-
ronmental contaminants can cause microplastics to be
more harmful to organisms. A study exposing Japanese
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medaka to microplastics with and without sorbed envi-
ronmental contaminants showed exacerbated liver toxic-
ity and pathology in the treatment where the plastic was
deployed in San Diego Bay for three months [14].

e current body of microplastics toxicity literature
is useful to begin building a risk assessment framework
for microplastics, especially when multiple doses are
used and/or experiments are designed to test how e ects
vary among the dimensions of microplastics. However,
researchers have employed a wide variety of method-
ologies, and most studies are not designed to measure
e ect thresholds or determine whether thresholds di er
among dimensions. For example, in Gray and Weinstein
[15], conclusions are drawn about the e ects of particle
shape, despite particles being of di erent polymer types.

ese confounding variables within and amongst studies
can make results di cult to interpret. Building a body of
toxicity data that can be used to inform a multidimen-
sional risk assessment framework will require studies
that investigate the relative toxicity of each dimension
of microplastics (i.e. shape, size, polymer type, chemical
suite) while holding the other dimensions constant.

Trying to understand the risk associated with micro-
plastics in the face of all of this complexity is daunting.
Still, taking a holistic approach is warranted. In addi-
tion to asking ‘does this specific microplastic cause this
e ect, we should also begin asking ‘what characteristics
of microplastics in general are driving e ects, and at what
concentrations?. s type of approach is relevant as stra-
tegic e ects testing has suggested that spherical, addi-
tive- and environmental contaminant- free microplastics
are the least harmful formulation of microplastics [10,
16]. A stronger database that asks these types of ques-
tions would put the field in a better position to conduct a
risk assessment that accounts for the multidimensionality
of microplastics.

Here, we propose a framework for evaluating the risk of
microplastics as a complex, multidimensional contami-
nant. We have identified four dimensions that are rel-
evant to the hazard of an individual particle and are often
reported in environmental data (Fig. 1).  ese are: size,
shape, polymer type, and sorbed environmental contami-
nants. Although there are other dimensions of microplas-
tics that can drive harm (e.g. presence of biofilm), these
four have the most ecotoxicity data and are accessible
from environmental monitoring data. Using the available
literature, we have ranked the characteristics of these
four dimensions from least to most harmful, to inform
their hazard. For example, the characteristics of the
‘shape’ dimension are sphere, fragment, and fiber. Using
the framework, a particle-specific hazard value can be
calculated, which informs how harmful that microplastic
particle is to organisms in the environment. To inform
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Fig. 1 The four dimensions of microplastics that were identified as drivers of harm. The dimensions are: (1) particle shape, (2) particle size, (3)

the overall hazard of an environmental sample, the parti-
cle-specific hazard values of each unique particle type in
an environmental sample can then be summed. Finally, to
inform the risk that the sample poses in the environment,
the sample’s overall hazard can be combined with infor-
mation about local exposure information (e.g., to achieve
a concentration-based risk). e framework we propose
here is a skeleton that should be adjusted by a practi-
tioner to include relevant dimensions and by researchers
with new and relevant data to increase confidence in the
rankings for each dimension. As a next step, we propose
a toxicity testing scheme to help improve the proposed
rankings, involving strategic testing that identifies the
relative toxicity associated with each of the dimensions.
e utility of our framework will be to allow decision-
makers to prioritize mitigation strategies for microplas-
tics that are doing the most harm in the environment.

A multidimensional risk assessment framework
Our framework includes four drivers of stressful action,
or ‘dimensions, of microplastics, with characteristics that
have been ranked from least to most harmful, using the
existing body of literature to inform their relative harm
(Fig. 1). e dimensions are: 1) particle size, 2) particle
shape, 3) polymer type (incorporating polymer and likely
additives), and 4) sorbed environmental contaminants.
e characteristics of each dimension are ranked in
Table 1. For each microplastic particle in an environmen-
tal sample, we can then derive a particle-specific haz-
ard value by summing the rankings of each dimension.
Note that by summing the rankings of each dimension,

our framework assumes that the e ects of each dimen-
sion are additive.  is may not actually be the case, and
instead the combined e ect of each dimension could be
antagonistic or synergistic. With further strategic test-
ing, we can better estimate the rankings and understand
whether the e ects of each dimension are truly additive,
and adapt the framework accordingly. We can then calcu-
late the hazard of an environmental sample by summing
the particle-specific hazard values, and combining this
with local exposure data to calculate the concentration-
based risk in the environment. Here, we walk through
how we ranked the dimensions of microplastics, how to
calculate particle-specific hazard, sample hazard, and the
risk of a sample. Finally, we demonstrate the utility of our
framework using real-world samples collected from San
Francisco Bay [17].

Ranking the dimensions of microplastics

We ranked the characteristics of each of the four dimen-
sions of microplastics from least to most harmful
(Table 1; Fig. 1). e rankings were based on the avail-
able literature, described in detail below. First, we looked
at studies that strategically compared the e ects of one
dimension while holding the others constant (e.g. [11,
13, 15]). We also looked at patterns noted in reviews syn-
thesizing the e ects of microplastics and toxicity tests
that investigated a single microplastic type at a time [9,
10, 16]. Our rankings are not conclusive — more relevant
studies are required to accurately compare the relative
harm of each characteristic, as we outline in the future
work section.
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Table 1 Ranking the characteristics associated with the four dimensions of microplastics that drive their toxicity. Rankings for polymer
type are based on classifications in Lithner et al. [12]. Other dimensions are ranked based on the available literature and the authors'

understanding of the relative harm of each characteristic

Ranking Size Shape Polymer type Environmental chemistry
0.1 >1mm Sphere PP, PVAc, cellulose pristine or relatively clean water body
02
0.3 0.1-0.9 mm (100-999 pum) PS, LDPE, HDPE, PET
04 0.01-0.09 mm
(10-99 um)
05 Polyamide, EPS moderately polluted water body
0.6 Fragment
07 0.001-0.009 mm (1-9 pm) PC, PMMA
0.8
0.9 Fiber PVC, PUR, ABS, rubber highly polluted water body

(e.g. wastewater e uent, highly
populated, industrial, agricultural
areas)

For particle size, we ranked larger microplastic parti-
cles as the least harmful, and small particles as the most
harmful.  ese rankings are based on research that has
shown that smaller microplastics are more harmful than
larger microplastics due to their increased bioavailabil-
ity [5], their ability to translocate across membranes and
cause further internal damage [18], and their increased
surface area to volume ratio [19]. In our framework,
large microplastic particles in the size range of>1 mm
were ranked as the least harmful (ranking 0.1). Interme-
diately sized microplastic particles, in the size ranges of
0.1-0.9 mm and 0.01-0.09 mm were given rankings of
0.3 and 0.4, respectively. Finally, small particles in the size
ranges of 0.001-0.009 mm were given the highest rank-
ing of 0.7. Although data suggests even smaller particles
would have a higher hazard ranking, we have intention-
ally left nano-sized particles (<1 um) out of our frame-
work since we currently cannot accurately quantify their
presence in environmental samples. Moreover, nano-
sized particles may behave di erently than microplas-
tics and may require a separate risk framework. Further
research could elucidate whether smaller-sized particles
should be included, and whether their rankings would be
greater than 0.7 in the framework proposed here. Moreo-
ever, there is also data suggesting that larger particles
may be more harmful than smaller particles at smaller
concentrations when food dilution is the mechanism of
adverse e ect [8]. us, further work is needed to sub-
stantiate our rankings, and to determine whether particle
size and toxicity scale linearly, as we assume here.

For particle shape, we ranked spheres as the least
harmful, fragments as intermediate, and fibers as the
most harmful.  ese rankings are based on primary
research articles, including studies that have tested each

particle shape individually and those that have compara-
tively tested multiple shapes. For instance, fragments and
fibers have been shown to be more toxic than spheres to
shrimp [15] and Ceriodaphnia [20]. In our framework,
we have tentatively ranked spheres as 0.1, fragments as
0.6, and fibers as 0.9. Once again, more research will be
needed to substantiate the relative toxicity of each shape,
for instance to determine if fibers are actually three steps
above fragments, or if they are actually more similar in
the relative toxicity. Furthermore, environmental samples
are comprised of more than just three particle shapes.
More research is needed to determine where shapes such
as films, foams, shavings, fiber bundles, etc. fit into this
framework.

For polymer type, we ranked the characteristics based
on Lithner et al. [12], where polymer types were classified
into five hazard categories based on the inherent toxic-
ity of the monomers of which they are made. Here, we
ranked polymer types such as polypropylene, PVAc, and
cellulose as being the least harmful polymer types, while
PVC, PUR, ABS, and rubber were ranked as the most
harmful. We spread the five hazard categories provided
in Lithner et al. [12] across our 9 hazard rankings. Future
research will be needed to substantiate the relative toxic-
ity of each polymer type, including in combination with
common additives used to make specific product types.

e environmental chemistry of the particles is based
on a gradient of how polluted the surrounding environ-
ment is. Particles collected from pristine or relatively
clean bodies of water are likely to have a relatively low
environmental contaminant load, and thus are given a
low ranking. Particles collected from water bodies that
are highly polluted, urbanized, industrial and/or agri-
cultural will have a much more harmful environmental
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contaminant load and are thus given the highest rank-
ing. is ranking scheme is a gradient, so each sample
can be given a ranking from 0.1 to 0.9 based on how pol-
luted the surrounding environment is. In locations where
the data is available, the ranking can be based on water
quality data and presence of contaminants (such as leg-
acy contaminants, POPs, heavy metals). Where data is
not available, the ranking can be based on proximity to
urbanization, industry, and agriculture.

Future iterations of this framework shall be based on
more relevant data (and thus be more accurate), and
based on dimensions most relevant to the application.
For instance, if a decision-maker decided that presence of
biofilm was a particularly important driver of risk in their
local context, they could easily add biofilm as a dimen-
sion in the framework. Moreover, it is important to note
that the risk value and subsequent management actions
dictated by the framework represent only the current sit-
uation. As we know, microplastics are a dynamic contam-
inant, and the hazard they pose can change with shifting
inputs and degradation of particles.  us, we recommend
that this framework be used in an on-going environmen-
tal monitoring and risk assessment framework, such that
new management actions can be triggered if conditions
change. Here, we are providing a starting point and call
for more research to build a body of toxicity data suited
for informing a risk framework that accounts for the mul-
tidimensionality of microplastics.

Determining particle-specific hazard values

To determine the hazard value associated with a specific
microplastic particle, the rankings of each dimension
are summed. For example, a spherical, 150 um PS parti-
cle purchased directly from a manufacturer would rank
as follows: size 0.3, shape 0.1, polymer type 0.3, environ-
mental chemistry 0.1.  us, the particle-specific hazard
value is 0.8. In another example, a 150 pm fragment of
PVC collected from a lake, would rank as follows: size
0.3, shape 0.1, polymer type 0.9, environmental chemis-
try 0.9. e particle-specific hazard value of this particle
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is 2.2. Comparing these two examples demonstrates that
the more harmful particle has a larger particle-specific
hazard values. Actual environmental samples, how-
ever, are comprised of a complex mixture of individual
particles of di erent sizes, shapes, polymer types, and
chemical cocktail. For an environmental sample, we
can combine the particle-specific hazard values of each
unique particle type in the sample to quantify the overall
hazard of the sample.

Determining risk for an environmental sample
Our risk assessment framework can be used to quan-
tify the risk of an environmental sample, provided that
a representative subset of the particles in the sample is
characterized by size, shape, and chemical ID. First, a
particle-specific hazard value is calculated for each par-
ticle type (i.e. particles of the same size range, shape,
polymer type, and chemical cocktail) as described above.
en, the particle-specific hazard values will be multi-
plied by the number of particles of that type in the sam-
ple. e hazard of the environmental sample can then be
calculated by summing the hazard values for each unique
particle type. To calculate the risk of the environmental
sample, the total hazard score is then divided by the vol-
ume (or mass) of the sample. e final risk value will be
concentration-based, and is the value that can be used in
a risk assessment framework with thresholds set to deter-
mine management actions (e.g. Fig. 2).

A case study in San Francisco Bay

To demonstrate how this risk assessment framework can
be used, we ran a case study using three types of sam-
ples collected from San Francisco Bay in 2017: a surface
water manta trawl, a depth-integrated stream sample
taken during the peak of a storm (i.e. stormwater sam-
ple), and the final e uent from a wastewater treatment
plant.  ese samples were analyzed for microplastics,
and the data from these samples is published in Zhu
et al. [17]. See Table S1 for all data used in the case study,
and Table 2 for a summary of the results following our

No Concern Low Concern

Moderate Concern

>

Increasing Risk Values

Fig. 2 An example of a risk management framework that can utilize the framework prposed here. T1, T2, T3 and T4 are proposed threshold values
that would trigger a management action relative to di erent levels of concern
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Table 2 San Francisco Bay case study summary. The sample hazard is based on the type and number of particles. The risk also

incorporates the volume concentration in the sample

Sample Sample type Total number of  Sample volume (L) Concentration (# Sample hazard Sample risk
number MPs MP/L)

1 Stormwater 1202 197 6.10 2908.6 1476

2 Manta trawl 173 176,000 0.00098 406.1 0.0023

3 Wastewater 77 916 0.084 170.6 019

framework. In these samples, all suspected microplastic
pieces observed were counted and characterized by size,
color, and morphology, and a subsample was chemically
characterized via spectroscopy or py-GCMS [17, 21].

For our risk assessment framework, all particles need
to be characterized by size, shape and polymer type. As
such, we assumed that the chemical analysis was based
o of a representative subsample to extrapolate poly-
mer identifications for all particles within a specific size
fraction and morphology. Future application of the risk
assessment framework should use datasets where an
assumption that a subsample is representative is appro-
priate. We then used the spectroscopy-corrected dataset
to rank each confirmed anthropogenic particle in each
sample, and made a choice to not discard the particles
categorized as anthropogenic unknown or cellulose that
were chemically dyed.  ese were categorized as anthro-
pogenic cellulose (and thus given a low hazard ranking of
0.1) to be conservative. A particle categorized as cellulose
using Raman that was natural in color, was considered
natural and left out of the calculation.

Using the framework proposed here, we then charac-
terized each type of particle in the sample by summing
the rankings for each of their characteristics (Table S1).
For example, consider a PET fiber in the 100—999 um
size range from a San Francisco Bay stormwater sample.

is particle type was ranked as follows: polymer type
0.3, shape 0.9, size 0.3, environmental chemicals 0.9. Its
particle specific hazard score was thus 2.4. We then mul-
tiplied this particle-specific hazard value by the number
of particles of that type in the sample. Since there were
94 particles of this type in the sample, our hazard score
for this particle type is 225.6. We did this process for
each unique particle type in each of the three samples,
and then summed all particle-specific hazard scores
to calculate the hazard value of the sample (Table S1).

e hazard values for the three San Francisco Bay sam-
ples were 2908.6 for stormwater, 406.1 for manta trawl,
and 170.6 for wastewater (Table 2). Finally, we incorpo-
rated local exposure information (i.e., concentration) to
calculate the risk of each sample by dividing the sample
hazard by the volume of the sample. In our example,
the final risk values were 14.8 for the stormwater sam-
ple, 0.002 for the surface water sample, and 0.19 for the

wastewater sample (Table 2).  ese results indicate that
the stormwater sample has the highest risk in the envi-
ronment. e high risk value of the stormwater sample is
likely being driven by the relatively high concentration of
microplastics compared to the other two samples (6 par-
ticles per L in the stormwater sample, 0.001 particles/L
in the manta sample, and 0.08 particles/L in the waste-
water sample; Table 2) as well as the large amount of tire
wear rubber. In this framework, risk will largely be driven
by concentration (which is likely most relevant) but will
be a ected by particle type. For example, a water sample
with 100 particles/L of PP microbeads will have a lower
risk value than a water sample with 100 particles/L of
tire wear rubber. e results from this case study sug-
gest that mitigating microplastics in stormwater runo is
the most e cient use of resources in terms of benefit to
the environment. Here, we have presented a case study
using environmental samples from the San Francisco Bay.
However, our framework could be applied to any other
sampling regime where polymer identification is per-
formed for a representative subsample of particles.

Applying the risk value to a risk assessment

Once complete, the risk assessment framework provides
a risk value that incorporates both the amount and diver-
sity of particles in the sample. s allows for more toxic
microplastics to have a higher risk at low concentrations,
and for less toxic particles to have a higher risk at higher
concentrations. Here, toxicity is a function of the parti-
cle’s shape, size, polymer type, and chemical load. As
such, our framework takes into account both the chemi-
cal and physical e ects of microplastics to assess the risk
of an environmental sample. e next step is then to
interpret what the risk of the sample means. is inter-
pretation is up to the environmental decision-maker
based on their objectives and risk tolerance in the sys-
tem. Ideally, threshold values would be applied across
a management framework whereby certain risk values
would trigger specific management actions — e.g., moni-
toring, source-control, recreational fishing guidelines,
etc. (see [8]). ese thresholds could be guided by meta-
analyses of the existing literature [22], or future toxicity
tests designed to better answer these questions relevant
to how the multidimensionality informs risk. An example
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of how this may look is in Fig. 2, but should be adapted
by managers based on the best available science. Here,
our main objective was to introduce a multidimensional
framework for assessing the risk of microplastics, thus we
do not make suggestions for thresholds or management
actions. Rather, we designed a framework that can be
adapted as research gaps are filled and management deci-
sions are made.

Future work needed to strengthen the framework

Here, we have proposed a framework that incorporates
the multidimensionality of microplastics to understand
their hazard in the context of risk assessment. Our
framework is based on the available literature and the
authors’ understanding of what drives the toxicity of
microplastics. However, we recognize that more work is
needed to help substantiate and improve our rankings.
Research that has the specific aim of understanding the
relative toxicity of each dimension of microplastics is
needed. Careful consideration must be made towards the
design of the study and the question(s) being asked. For
instance, in a study that aims to determine which plastic
shape is the most harmful, all other dimensions of micro-
plastics (i.e. size, polymer type, chemical cocktail, con-
centration) must be held constant between treatments
(Fig. 3). Further work may also consider the biofilm that
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attaches to microplastics in the environment, perhaps as
another dimension, which is known to increase the inges-
tion rate of particles [23] and increase their internaliza-
tion into cells [24] compared to pristine particles. As we
fill out the body of toxicity data by investigating individ-
ual dimensions of microplastics, the natural next step will
be to begin investigating the dimensions as a multiple
stressor, where multiple dimensions would be manipu-
lated to investigate interactive e ects. Further work
should also consider how the toxicity of microplastics is
altered by the environment, as temperature and pH have
been shown to modulate the impacts of microplastics to
zooplankton [25] and sea urchins [26].  us, microplas-
tics are not only a multiple stressor on their own, but also
exist in a multiple stressor world. Additional research will
help us understand how the dimensions of microplastics
interact with each other and with the environment to
drive toxicity.

Future experimental work to be used in our framework
must also prioritize using standardized testing methodolo-
gies and environmentally realistic exposure scenarios. Such
standard testing methods have yet to be developed, and
may benefit from lessons learned from nanomaterials and
colloidal materials. Moreover, they should include stand-
ards for quality control. A recent systematic review assessed
the quality of studies testing the e ects of microplastics,
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and found an urgent need for better methodologies and
quality assurance in microplastics e ects testing [27].  eir
guidelines include having accurate particle characteriza-
tion, using environmentally relevant concentrations, and
quality assurance protocols [27]. Furthermore, for studies
to be informative to ecological risk assessments, they must
target endpoints that are ecologically relevant, and use
exposure durations that allow chronic e ects to be deter-
mined. Endpoints such as mortality, growth and develop-
ment, and reproduction, are especially useful to indicate
whether microplastics cause e ects at the population level.
Here, we have not ranked the data based on a biological
endpoint, but in a future iteration where more data is avail-
able, we may choose to prioritize an endpoint that is more
informative to the objective of the risk assessment.

e toxicity testing scheme that we propose is elabo-
rate, and will likely require harmonization and col-
laboration within and across research groups. However,
we contend that the most e cient way to understand
the ‘e ects of microplastics’ is by investigating how the
dimensions of particles influence their toxicity, rather
than by testing each and every particle individually.

Conclusions
We have proposed a framework for evaluating the multi-
dimensional risks of microplastics in the environment. We
identified four dimensions of a microplastic particle that
can drive risk (i.e. shape, size, polymer type, environmen-
tal chemistry). We specifically picked dimensions that are
both well-studied and commonly reported in environmen-
tal data. We show how these dimensions can inform and
generate a particle-specific hazard value for microplastic.
e resulting particle-specific hazard values can be com-
bined to calculate the hazard of an environmental sample.
Finally, by incorporating the concentration of the micro-
plastics per volume of sample, we show how to calculate a
risk value for the environmental sample of interest. e risk
score calculated using our framework can be used in a risk
assessment. e risk score can then be interpreted by envi-
ronmental decision-makers using a management frame-
work that sets threshold values which trigger management
decisions, as shown in Fig. 2. Finally, we propose a toxicity
testing scheme where experiments are carefully designed
to answer questions about the dimensions of microplas-
tics that drive their toxicity. In addition to strategic experi-
mental design, these experiments must prioritize using the
best methodologies and environmentally realistic exposure
scenarios. Such experiments are necessary to increase the
accuracy of this framework for application. Combined, this
new framework takes into account the multidimensionality
of microplastics and will allow decision-makers to regulate
the types and sources of microplastics that are causing the
most harm in the environment.
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