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Materials and Methods

In this section, we provide further information on the “Plastic Model” (SM1) and the “Chemical
Model” (SM2). Section SM1 comprises seven subsections: auxiliary model equations (SM1-
1), data collection on MP concentrations in media relevant to human intake (SM1-2), data
collection for physiological characteristics (SM1-3), realignment of size ranges of plastic
concentrations (SM1-4), translation of MP concentration from gut to muscle concentrations
(SM1-5), goodness of fit tests for selection of PDFs (SM1-6), conversion of MP particle number
to mass concentrations (SM1-7). Section SM2 comprises three subsections: physiologically
based pharmacokinetic (PBPK) modelling with MERLIN Expo 3.0 (SM2-1), detailed
description of the chemical leaching model (SM2-2) and chemical concentrations in plastic

(SM2-3)
SM1 Plastic Model

SM1-1 Auxiliary model equations

The steady state solution to Eq. (1) from the main text, results in the steady state MP amount
per capita:
Cup.ss = (1~ Fabs fan) Toe 1 IT:C)+(1—f aps) (f dep INR-Cq) +Keis.Ceis .

kioss

The MP amount egested per gram of stool per capita can be calculated based on the gut steady

state concentrations:

_ kloss'CMP,SS
Cstool - M (S2)
stool

SM1-2 Data collection on MP concentrations in media relevant to human intake

For all studies, information such as the type of analytical method used, size range of the particles
identified, the percentage of positive occurrence, particle size distribution, particle shape and

polymer type was collected.

If a food category is to be included in the assessment, there should at least be more than three
datasets available. Each study should at least have substantial evidence that the particles are
indeed MP. Secondly, consumption pattern data for the food type should be available and its
relative contribution to the overall human diet of the general world population should be
substantial enough (i.e., consumed in some regions). Some studies, however, do not meet these
criteria for data quality and availability. For example, there is a lack of evidence for MP

presence in honey as Miihlschlegel et al.! managed to positively identify only one particle as
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PET despite their initial findings of 8 to 108 #/kg of honey through visual identification. Other
food types such as seaweed nori?, dried fish®, and chicken gizzards* have been investigated for
MP presence. However, these food types are not major components of the global human diet
and their consumption pattern data are also not widely available. Additionally, in the case of
chicken gizzards, the data quality is poor due to lack of spectroscopic identification.’
Furthermore, based on a simple estimation, the contribution of the MPs from these food types
is insignificant even on the local level. For example, the highest possible daily intake of MP
from seaweed nori, which had the highest MP concentration among the food types above (max:
3000 #/kg DW), is estimated at 30 #/capita/day if it is calculated according to the average annual
consumption per capita in Japan (4 kg/capita/yr). This only represents ~3% and ~0.018% of
the 50" and 95 percentiles of the total MP intake from other known media (Figure 3).

Criteria for each media. Seafood species were selected based on the “use and trade”
information reported in the [UCN (https://www.iucnredlist.org) or “human uses” information
from Fishbase. The species has to be at least used for local or national human consumption, or
is commercially produced to ensure its relevance for the world population. To ensure that the
reported MP concentrations in the studies are at least statistically representative of the sampled
species, we set a minimum number of individuals per study sample (n=5). This criterium
applied to fish, mollusc and crustaceans. One could argue that n=5 may not be representative
of the species especially if there was zero occurrence of plastic in the samples. However, since
we considered each food type as one category, the uncertainties from a single dataset (one
species) have already been accounted for by the uncertainty of the entire dataset for that

category.

As for drinking water, the data quality of the studies has recently been assessed in a review by
Koelmans et al.”. Most of the studies associated to drinking water were evaluated to be above
average with respect to the quality of sampling methodology and data reporting. Therefore, the
reviewed drinking water studies (i.e., tap and bottled water) were included in our literature
review. In addition, three more recent studies® ' were included after evaluating their sampling
methodology and data reporting with the same criteria table from Koelmans et al.”. The datasets
from Kutralam-Muniasamy et al.!' for MP occurrence in eight brands of milk were also
evaluated against the same set of criteria as drinking water. Two studies had investigated
‘potential’ plastic particles in beer from North America and Europe.'?!* Both did not implement
any spectroscopic methods to confirm the identity of the particles found and may even include

particles of glass material. However, since beer is widely consumed, we considered the reported
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concentrations from these studies noting that this is a conservative estimate for MP

concentrations in beer and the outcome is not very sensitive to this assumption.

There was a limited number of studies for MP occurrence in salt and air. Therefore, we did not
set any criteria for the number of replicates per sample size so that we could include as many
datasets as possible. Increasing the number of datasets would improve the distribution of the
MP concentrations in these media and otherwise, the uncertainty would have been accounted
for in the probabilistic assessment. The selection of studies for MP intake from air was targeted
on suspended atmospheric MP. Fallout or deposition studies were not considered as the size for

these particulates is generally in the larger end of the range and they have a lower likelihood to

be inhaled.'

Conversion of MP concentration per individual to per body wet weight. Plastic concentrations
in fish and crustaceans were often reported on an individual basis. To allow for comparison of
data from different species, the reported individual concentrations were converted to particle
number per body wet weight (particles/’g BWW). The weight of the sample is used for
conversion if available. For studies where the weight of the samples was not reported and the
length of the organisms was reported instead, the BWW was estimated from the linear
correlations between log-transformed length and weight published in Fishbase!> for that
particular species. If both weight and length of the samples were not reported, the average length
at first maturity (Lm) obtained from Fishbase was used to estimate the BWW. This assumption
is justifiable as most studies sampled adult fish and would otherwise mention that they sampled
juvenile fish. In the case of juveniles, a median size of juveniles of the species from literature
is used. Detailed calculations for these MP concentration conversions are available upon

request.

Determination of size ranges for each study. Microplastics have been widely defined as polymer
particles of less than 5 mm. However, many studies also considered mesoplastics which are
larger than 5 mm. While the upper size limits have been inconsistent for all the literature
reviewed, the lower size limits of the studies have also depended largely on the analytical
techniques used. To allow for comparison between studies, the size ranges for each study needs
to be defined. Most studies clearly defined the size ranges of the particles which they aimed to
identify or reported the size detection limits of their methodology or size range of particles
which they actually found. One of these categories of information, when available, was used to
set the size range for the study. However, some studies did not report any of the above in which
case we assumed that the size range complied with the generally accepted definition of
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“microplastics” as particles less than 5 mm'®!8

and the minimum size limit is dependent on the
methodology (i.e., sieves/filter used during sample processing, microscope magnification, and
sorting). For studies that carried out visual sorting under a stereomicroscope, we used their
reported maximum magnification to compare against other studies with similar magnification
and reported a minimum size limit. If the magnification was also not reported, we based the
minimum limit as the scale bars length on the microscope images. If the study did not have any
of the above, the minimum limit was set as 300 um which was recommended by Mintenig et
al.!? as the minimum size feasible for manual sorting with forceps and 100 um if manual sorting

was not carried out but the sample was only observed and counted under a stereomicroscope,

based on Lenz et al.2.

SM1-3 Data collection for physiological characteristics

Food consumption data. To perform our MP human dietary exposure assessment, we used the
food consumption data from FOSCOLLAB which is based on household surveys collated by
the Food and Agriculture Organization (FAO) and World Health Organization (WHO). Some
of the surveys from this database only represented a small number of consumers. Therefore, a

criterium for sample size (n>5) was set for the dataset to be deemed as acceptable.

Separate statistics were available for different age groups for: all, infants and toddlers, children
and adolescents, adults and elderly. As the evaluation of the MP exposure assessment in this
study is over a lifetime, we classified the data into two age groups: children (1-18 years) and

adult (19-70 years).

Inhalation data. The probability density functions (PDFs) defined for each age class as reported
in Allan and Richardson?' were used. The data from the categories: toddlers, children and
teenagers were combined for the ‘child’ group, whereas the adult and senior categories were
combined for the ‘adult’ group. The infant category was not considered in the child category as
the food database in this study does not apply to infants. Subsequently, we defined the possible
minimum and maximum inhalation rates of each age group and these values were either based
on Stifelman®? or on the 2.5 and 97.5 percentiles of the distributions defined by Allan and
Richardson?! (Table S3). The resulting distributions were then fitted either with normal or
lognormal distributions as these are commonly used for air inhalation rates in probabilistic

human health risk assessments.
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SM1-4 Realignment of size ranges of plastic concentrations

From our literature review, we collected 29 datasets with particle size distributions (PSDs) from
18 studies that met our minimum criterium of > 5 size class bins for meaningful data fitting.
When the PSDs were presented in histograms or bar graph formats, the data was extracted with

WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/). Size ranges >5 mm were also

considered here to account for concentrations that included larger sized particles.

According to the law of fragmentation, we would expect a decreasing trend in particle
abundance with increase in particle size. However, not all of the datasets assumed this trend.
We speculate that this may be either due to poor recovery of smaller particles or analytical bias
during visual inspection. Therefore, to avoid underestimation of particle abundances in the
lower size range, we followed a similar approach as Kooi and Koelmans?* for determining the

size limits of the particle size distributions:

1. All observations with 0 abundance were excluded since it may be just an artefact of a
small sample size.

2. The minimum size limit corresponded to the maximum relative abundance, following
the same justification as Kooi and Koelmans®*,

3. The maximum size limit for which the dataset is valid is determined by the size before

which 0 abundances is observed.

The relative abundances for each size bin were then recalculated according to the newly defined
size limits for that study based on the above criteria. For datasets which had more than 5 size

class bins, the following power-law function was fitted to the PSDs (Figure S1):
y=Cx"¢ for x € [xq,x;] (S3)

where x is the particle size (um), y is the relative abundance for each size, a is the power-law
exponent and C is defined as a parameter depending on the limits of the distribution (min: x,;

max: x4) and the power-law exponent:

€= for x € [xg, x1]. (S4)

X1 X0

Studies which demonstrated negative regressions for log y vs log x, weak regressions based on
the adjusted R? (<0.6) and alpha values which were less than 1, were omitted. Secondary MPs
are speculated to form as a result of fragmentation of larger particles. To conform to this theory,

alpha values should be greater than 1 to explain that after fragmentation of a particle, it forms

S6


https://automeris.io/WebPlotDigitizer/

more than 1 particle.?> The fitted parameters and regression statistics of 15 datasets from 12

studies are shown in Table S4.

SM1-5 Translation of MP concentration from gut to muscle concentrations in fish

It has been demonstrated that small MPs may likely be absorbed from the gut.?® This absorption
process may occur through several processes and may be unique for different species. To date,

MP concentrations in the muscle and gut compartments of fish per unit body wet weight are

available for seven fish species (Table S5).27-28

The muscle to gut concentration ratio ranges from 0.27 to 3.53. While Abbasi et al.?” had ratios

greater than 1 for 3 out of 4 species (i.e. indicating that there is higher MP concentrations in the

1'28

muscle tissue than gut), the calculated ratios from Barboza et al.”® were less than 1. This

suggests that for some species, MPs are not easily absorbed and do not accumulate in the muscle
tissue. Therefore, to account for these variations and physiological differences of other fish
species, we captured the variability by implementing a normal distribution for the muscle (m)
to gut (g) ratio (CFung) with mean of 1.28 + 1.13 and the assumed MP concentrations in the

muscle tissue are calculated as:

L stomach/gut) (S5)

#MP ;
Cpy, (— in muscle tlssue) = CEpg - Cpy, (gBWW

gBWW

SM1-6 Goodness-of-fit analysis

To select the best probability density function (PDF) for the MP exposure from food and air,
and the ingestion rates, the Kolmogorov-Smirnov test (KS-test) and Akaike’s Information
Criterion (AIC) were used simultaneously. The KS-test is generally used to check if a sample
comes from a population with a specified distribution (null hypothesis). The null hypothesis is

rejected if the p-value is less than the significance level (p<0.05).

The AIC is another statistical test which provides an index to compare between different fitted
models. It considers the log-likelihood of the model fit (based on the standard maximum
likelihood method) and the number of model parameters, penalizing when the model is

overparameterized. The AIC score is calculated according to the formula:
AIC = =2 -log likelihood + k * Ny, (S6)

where n,,, represents the number of parameters in the fitted model and =2 (scale parameter

of the model) for the usual AIC.

The KS-test was performed for the distribution functions when fitted to the observed values and

the D values and p-values are summarized in the data depository: Data S2. Several density
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functions were fitted to each dataset and the AIC values are compared between models to derive

the optimal density function that fits the observations.

Selection of the best distribution function to describe the observations was based on a standard
procedure. Firstly, models which showed insignificant p-values (p>0.05), were selected as this
imply that the observations are similar to the specified distribution. The D test statistic was then
used to narrow down the selection of the best function to describe the distribution. This was
also done simultaneously with the evaluation of the AIC values to avoid complex distribution

functions.

For the selection of the distribution function to describe MP concentrations in the media, the p-
values could not be considered as the data was produced after an MC simulation which adjusted
for the size realignment and was hence very large (n>50 000). It is well-discussed in literature
that very large samples would produce statistically significant lack of fit as the KS-test is
sensitive to detecting small deviations.?*° However, this does not imply that the specified
distribution and the observations do not come from the same distribution. Therefore, to evaluate
which model describes the dataset, the model with the lowest value of the D test statistic
followed by the lowest AIC value, was selected. During the selection process, simple models
were preferred over complex ones such as the bimodal distributions. Test statistics for MP
concentration in air were omitted here as there were too little data to verify goodness of fit of

the specified distribution.

SM1-7 Conversion of MP particle numbers to mass concentrations

To convert the calculated particle numbers of MP to mass, we first collected data on extrinsic
properties of the particles such as size, shape and density. The approach for PSD was discussed
in the earlier section SM1-4, where we defined two power-law exponents Ofood and oair. As for
shape, we identified 49 studies containing 104 datasets for food and 3 studies for air that
reported particle shape distributions. The collated dataset can be found in the data depository
(Data S3). Five shape categories are defined for this study: (1) fragment, (2) filament/fibre, (3)
spherules/pellets, (4) film/sheet, and (5) foam. When a study reports other shape categories or
paint chips, we omitted them and recalculated the proportions. The overall average proportions

of each shape category (fsnape,qu) for all datasets were then determined by adding all the

fractions from each dataset, i (fspqpe,i) and dividing by the number of datasets for that category

(n).

Y1 fshape,i
fshape,all = % (S7)

S8



Distributions of the width:length (W:L) and height:length (H:L) were then determined
following the method by Kooi and Koelmans®*, where the lower and upper limits for width and
height of each shape category were defined and triangular distributions were assumed. A Monte
Carlo (MC) simulation of 1 000 000 iterations was performed to determine the overall
respective distributions for food and air, and bimodal distribution functions were fitted using

the ‘mixtools’ package’! in R (Figure S2).

To obtain the polymer density distribution of the MPs found in the food and air, we collated 30
studies (i.e., 27 studies for food and 3 studies for air) which reported polymer types through
spectroscopic identification (Data S4). We omitted polymer types that were not reported by
more than two studies and natural polymers such as rayon and cellulose. In total, there were 15
polymer types for food and 5 polymer types for air. The lower and upper limits of the densities

32-35

for these polymer types were defined with some assumptions:

e For polyacrylate we included: poly(2-cyanoenthyl acrylate), poly(acrylic acid),
poly(butyl acrylate), poly(methyl acrylate). The -methacrylates were not included?>.

e We applied the density range of polyamide (PA) to Nylon 6.

e Polystyrene acrylonitrile methyl methacrylate (Poly(styrene-co-methyl methacrylate)
was assumed to have the same density as styrene methyl methacrylate, with a density
ranging from 1.050 to 1.130.%°

e For PE:PP co-polymer, only 1 density was found*, but since this polymer accounted
for less than 0.1% of the total, this was deemed as acceptable.

e Density of PU obtained from Prospector.>¢

Similarly, the overall proportions of each polymer type were calculated for each media.
Triangular distributions were assumed for each polymer type and MC simulation of 1 000 000
iterations was performed to determine the overall density distributions for food and air
respectively, and fitted with 4-modal distributions with the ‘mixtools’ package in R.>! The
parameters of the fitted distribution functions for the shape characteristics and densities of MP

in food and air are shown in Table S7.

The PDFs of the above MP characteristics were then simulated 10 000 times. The volume per
MP particle was calculated assuming an ellipsoid shape (i.e. best ‘one shape fits all’

approximation for MP particles)!”:

Vo =%+ (L) (W) (H) (S8)
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where L was estimated from the PSD and W and H is estimated from the W:L and H:L ratio
distributions respectively. The mass per MP particle was then calculated by multiplying the
volume with the density values generated from the MC simulation. The distributions of the log-
transformed mass per particle for food and air were fitted with mixture models using the
‘mixtools’ package in R (Figure S2 and Table S7) and evaluated with Kolmogorov-Smirnov

tests (p=0.82 for food and p=0.83 for air).

The MP mass distributions in the gut were then calculated after the numerical solution of Eq.
(1) with a two-step approach. Since the mass per particle distributions differ for food and air,
we needed to distinguish how many particles came from each media. First, we simulated the
MP number concentrations from dietary intake only. The MP number concentrations (food)
were then converted to mass concentrations by multiplying with the mass per particle (food).
The same procedure was performed for intake through air only. The mass concentrations are
then added up to provide the total MP mass. The MP mass distributions in the gut for child and

adult for each scenario of biliary excretion rates are shown in Table S10.
SM2 Chemical Model

SM?2-1 PBPK model with MERLIN Expo 3.0

Chemical intake data. There are no chemical intake data for 3,3',4,4',5-pentachlorobiphenyl
(PCB126), lead, di(2-ethylhexyl)phthalate (DEHP) and benzo(a)pyrene (BaP) on a world
population level. Therefore, we had to use data for specific regions or countries, assuming
relevance on a global level. We acquired intake data from Llobet et al.’” for PCB126 which
represents the intake from foods in Catalonia Spain. The study reported that PCB126
contributed 50.56% to total toxic equivalent (TEQ) intake. We calculated the actual daily intake
of PCB126 by multiplying the estimated WHO-TEQ intake per day with the fraction
contributed by PCB126 and then divided by the WHO toxicity equivalent factor (TEF) for
PCB126 (TEF=0.1). We did not distinguish between genders in the present study. Therefore,

we also averaged over the genders for each age group.

Lead intake data of the Italian population was used in our PBPK simulation®. Since the data
was reported as per kilogram body weight, we used polynomial least squares regression as
described by Buonanno et al.*” to estimate the average body weight of the Italian population

and subsequently calculated the daily intake per person (averaged over the genders).

For DEHP, we used the dietary intake in the German population*” and inhalation exposure was

estimated from indoor*' and outdoor*? air concentrations by assuming time spent
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indoors:outdoors is 50:50. The body weights for children and adult of the German

4344

population™** were obtained to convert the chemical intake per unit body weight to per capita.

Finally, the dietary and inhalation exposure of BaP***¢ were based on data for the Korean
population. As for the average body weight, no literature was available for the Korean
population. Therefore, we had to estimate using the polynomial regression of body weight vs

age which was reported for Chinese individuals®’.

PBPK parameters. The PBPK parameters used for lead and PCB126 were already pre-set in
MERLIN Expo.*® We used the PBPK parameters as reported by Chiang et al.** for BaP and
Gentry et al.’° for DEHP. Except for DEHP, we simulated the ingestion of chemicals as a direct
input in the liver. This is because the absorption rate constants of DEHP in the stomach lumen

and gut lumen were defined.

SM?2-2 Description of chemical leaching model

Calculation of parameters for biphasic transfer kinetic model. Ad- and desorption to
microplastic can be adequately described using a two compartment model with separate
compartments and kinetic parameters for slow and fast desorption®! (Eq. 7 and 8 in the main
text). Based on Mohamed Nor and Koelmans®!, the fast-desorption compartment of a thin film
of MP with a thickness () of 30 pm comprised 32% of the total sorption reservoir (sum of slow
and fast sorption compartments) across 14 PCBs (log Kow ranging from 5.24 to 7.42). For such

a film, the minimum diffusion path length of the fast-sorbing fraction (ds) can be estimated as:
df = 0.32X30 =9.6um (S9)

Consequently, if the minimum dimension of the particle (dmin) is <9.6 um, only fast sorption
kinetics occur for that particle. However, if the minimum dimension exceeds 9.6 pum, the
effective radius of the fast fraction (rr) was set at a constant value of 4.8 um and the slow-

sorbing fraction is calculated as:

r,=2min_4g (S10)

2

The slow sorption kinetic rate constant, k3 for the particle was then rescaled based on this
effective radius of the slow-sorbing compartment (15) according to Fick’s law of diffusion, using

the average k3 values from Mohamed Nor and Koelmans®>':

) .2
k3 — k3,lltxrs,llt (Sl 1)

g2
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where k3 jit is 0.002 day™! and rg ¢ is 10.2 pm (#/2 —1%).
The fast sorption kinetic rate constant, k; was based on the relationship with log Kow"':
logk,; = 0.86 X logK,y, — 4.08 (S12)

The desorption kinetic rate constant, k> was then estimated from the steady state solution®":

ky

2= Kpfi[P] (513)
where K, was estimated based on the relationship’':
log Kp = 0.51 X log K,y + 1.45 (S14)
and fi can be estimated as:
re /(3R d > 9.6 um
flz{f 5, /)7 Ymin OU (S15)
1, d,; < 9.6 um

SM?2-3 Chemical concentrations in plastic

Based on thermodynamic principles, chemical concentrations of the plastic ingested by seafood
were assumed to be equivalent to the concentrations in their lipids. To some extent, this
approach represents a worst case scenario because in reality, plastic has a somewhat lower

fugacity than biota lipids®>™.

Chemical concentration data in lipids of fish and
molluscs/crustaceans were thus used as proxy concentrations in plastic. We categorised the
seafood into two categories; organisms found in the pelagic zone (fish) and organisms found in
the littoral zone (mollusc and crustaceans). In addition, since salt mainly comes from the sea,

we assumed the concentrations for the pelagic zone also apply to MP in salt.

For the MPs found in air, we acquired concentration data on particulate matter (i.e. total
suspended particulates, PM>s, PMio) to use as proxies for the chemical concentrations on
plastic. This is a fair representation as suspended MPs are part of particulate matter and

equilibration between the various components of airborne particulate matter can be assumed.

Finally, as for the MPs in drinking water, beer and milk, we assumed that the chemical
concentrations in the MPs are equivalent to that in the plastic packaging. This is partly because
MP found in these media can be attributed to the packaging and also the manufacturing
process.' "> While some chemicals are added as additives such as DEHP, plastic packaging can
also contain residues from substances used during the manufacturing process (non-intentionally

added substances). Therefore, it is not surprising that plastic packaging may contain traces of
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PCBs, PAHs and heavy metals such as lead.’* An exception is for higher molecular weight
PAHs such as BaP, which has not yet been detected in polymer packaging. Li et al.>® suggested
that this may be due to the more complex reaction pathway for such PAHs. Therefore, for BaP,

we assumed that the concentration is negligible in the MPs from packaging.

The collected data used for this part of the study and other additional notes on assumptions are
accessible in the data depository (Data S5). Fitted or assumed distribution functions for the

chemical concentrations are also shown in Table S8.
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Supplementary text

Comparison of particle characteristics between food and air

The mass per particle distribution in food is significantly different from that found in air
(p<0.01; Kruskal-Wallis). MP particles found in air had a narrower mass distribution varying
across 5 orders of magnitude while in food, the mass per particle ranged across more than 10
orders of magnitude. Our results also show that the shape distributions (defined by the height :
length and width : length ratios; Figures S2A-D) differ for food and air. In the atmosphere, the
particles mainly consisted of fibre, fragment and bead shapes which may be a result of textiles
or wear-and-tear and UV-degradation of plastic products®, whereas for food, there was more
variation in the particle shapes, including sheet and foam. Unlike the particles found in food
which had 15 different polymer types, there were only 5 polymer types found in atmospheric
suspension which are commonly used for textiles (Figures S2E and S2F). This verifies that the

source of MP in the air is mainly textile-based.
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-~ Beeretal., 2018

Cho et al., 2019 (Manila clam, fragment)
Cho et al., 2019 (Mussel, fragment)
Cho et al., 2019 (Scallop, fragment)
Fengetal., 2019

Kim et al., 2018 (Lake salt)

Kim et al., 2018 (Sea salt)

Lietal, 2020

Lusher et al., 2013

Muniasamy et al., 2020

Murphy et al., 2017
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Teng et al., 2019

Vianello et al., 2019
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Figure S1. Relative abundance of microplastics vs particle sizes. The fitted trend lines
log(y) = —a - log(x) + C for each dataset are displayed.
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Figure S2. Distributions of particle characteristics from MC simulations (1 000 000 iterations).
(A) and (B) Width to length ratios for food and air. (C) and (D) Height to length ratios for food
and air. (E) and (F) Density for particles in food and air. (G) and (H) Mass per particle

distributions for food (1-5000 pm) and air (1-10 pm).
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Table S1. Biliary excretion rates (kis) for human. The rate constants for rat and mouse from
Ogawara et al.’” and Li et al.>® were rescaled for human with a correction factor of 2.5 which is

based on the ratio from the biliary excretion rates of rat:human from Bachler et al.>.
Material Size Route of Organism  Kis (min™) Reference
(nm) exposure
Polystyrene 50  Intravenous Rat 8.301 Ogawara et al. °’
Polystyrene 500  Intravenous Rat 8.001 Ogawara et al. 7
Dermal,
Silver NP 15-150 oral, Human 5.098 Bachler et al. >°
inhalation
Poly(lactic-co- 133 5 iavenous  Mouse Lietal. 8
glycolic) acid ' 0.0672 '
Poly(lactic-co- . 58
alycolic) acid 114.8 Intravenous Mouse 0.672 Li et al.
Poly(lactic-co- . 58
alycolic) acid 97.4  Intravenous Mouse 0.144 Lietal.
Poly(lactic-co- . 58
alycolic) acid 79 Intravenous Mouse 0.557 Lietal.
Poly(lactic-co- . 58
alycolic) acid 67 Intravenous Mouse 0.614 Lietal.
Poly(lactic-co- . 53
alycolic) acid 57.5  Intravenous Mouse 0.394 Lietal.
No day!
) 0
excretion
Minimum 0.0672 day!
Median 0.614 day!
Maximum 8.30 day!
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Table S2. Search terms/strings for each food type in FOSCOLLAB

Food type Search Strings

Fish Fish (meat); Freshwater fish; Marine fish; Miscellaneous
(misc.) coastal marine fishes; Misc. demersal marine fishes;
Misc. freshwater fishes; Misc. pelagic marine fishes

Mollusc Molluscs; Freshwater molluscs; Misc. marine molluscs

Crustacean Crustaceans; Freshwater shrimps or prawns; Shrimps and
prawns; Shrimps; common, White shrimp; Freshwater
crayfishes

Tap Water Tap water; Filtered tap water

Bottled Water Bottled drinking water; Bottled water; Carbonated bottled

drinking water; Flavoured bottled water; Fortified bottled
water; Still bottled drinking water

Salt Salt; Salt, flavoured; Salt, iodised; Salt, iodised and
fluoridated; Salt, low Sodium; Sea salt

Beer Beer; Beer and beer-like beverage; Ale beer; Lager beer;
Beer, strong; Beer, regular; Beer, light; Beer, alcohol-free;
Pale ale beer; Dark ale beer; Stout beer; Wheat beer; Beer-
like beverages; Low malt beers

Milk Milk; cow milk; cow milk, natural high fat; cow milk, semi
skimmed (half fat); cow milk, skimmed (low fat); cow milk,
whole

Table S3. Minimum and maximum inhalation rates defined for this study based on Allan and
Richardson?! and Stifelman??.

Age category Min inhalation rate Max inhalation rate
(m?/day) (m?/day)

Toddlers (7 months—4 years) 4.9 16.1

Children (5 — 11 years) 8.8 23.3

Teenagers (12 — 19 years) 9.5 279

Adults (20 — 59 years) 9.7 26.7

Seniors (>60 years) 8.6 24.1
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Table S4. Coefficients of fitted linear regressions of log (relative abundance) against log (size).
C is the intercept and a is the slope of the regression. SE is the standard error of the parameters
and model.

Study C SE a SE R? Adj.R*> SE
Food compartment

Beer et al., 2018 347 0091 133 028  0.89 0.85 0.2

Choetal, 2019 (Manilaclam s ¢s 524 199 029 093 091  0.13

fragment)
Cho et al., 2019 (Mussel 536 0.69 256 027 097 096 0.12
fragment)
Cho et al,, 2019 (Scallop 525 153 234 057 081 076 023
fragment)
Feng et al., 2019 38 069 161 021 08 087 025

Kim et al., 2018 (Lake salt) 519 089 2.1 028 092 0.9 0.3

Kim et al., 2018 (Sea salt) 272 0.68 122 022  0.86 0.84 023
Lusher et al., 2013 4.02 0.85 1.52 023  0.82 0.8 0.3
Muniasamy et al., 2020 248 097 1.09 031 0.8 0.74  0.27
Murphy et al., 2017 2.47 1.00 1.01 029 0.74 0.68  0.25
Tanaka and Takada, 2016 2.06 0.69 1.22 0.24 0.63 0.61 0.29
Teng et al., 2019 4.55 1.41 1.85 043  0.72 0.68  0.49

Wuet al,, 2019 (K. punctatus)  2.34 1.16 1.06 038 0.72 0.62  0.27

Air compartment

Li et al., 2020 (Air) 1.24 042 1.89  0.28  0.82 0.8 0.28

Vianello et al., 2019 (Air) 322 027 224 0.13 0.97 097  0.13

S23



Table S5. MP concentrations in muscle and gut per g BWW (body wet weight) and the ratio
between muscle and gut concentrations (CFmg). Data adapted from Abbasi et al.?” and Barboza

et al.?s.
Species N Total MP conc  MP conc Ratio Reference
weight of in muscle in gut (muscle:gut)
N species #/g (#/g
(2 BWW) BWW)
Sillago 17 9724 0.055 0.015 3533  Abbasietal,
sihama 2018
Platycephalus 1, 441 6 0.109 0.057 1.921 Abbasi et al,
indicus 2018
Saurida Abbasi et al.,
rumbil 4 144.4 0.083 0.069 1.200 2018
Cynoglossus Abbasi et al.,
abbreviatus 11 833.8 0.031 0.037 0.838 2018
Dicentrarchus Barboza et
labrax 50 17150 0.001 0.004 0.269 al., 2020
Trachurus Barboza et
srachurus 50 11400 0.003 0.004 0.673 al., 2020
Scomber Barboza et
colias 50 17200 0.002 0.003 0.508 al., 2020
Average (£SD) 1.28 (+1.13)
Minimum 0.27
Maximum 3.53
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Table S6. Probability density functions for exposure parameters used to perform probabilistic
exposure assessment to MPs through dietary and inhalation intake

Parameter Variable Distribution Units Parameters Percentile”

Exposure media (logarithmic concentrations)

Fish Cf Bimodal® #/g BWW pl =-0.94 501 =-0.73
ol =1.06 95t =1.79
Al =0.71
u2 =0.09
62 =1.69
22=0.29

Mollusc Cm Skew-t" #'g TWW x;=0.12 50t=0.91
o=1.19 95t =263
a=2.03

Crustacean Cer Bimodal® #/g BWW pul=-1.76 50t =0.38
61 =040 95th=211
Al=0.11
w2 =0.52
62 =0.99
A2 =0.89

Tap water Ctw Bimodal® #/L pl =144 50t=2.10
61 =0.99 95t =3.02
Al =0.68
12 =2.66
62=0.13
A2=0.32

Bottled water Cbw Bimodal® #/L pul=1.83 50t =2.53
61 =0.78 95%=3.97
A1 =0.59
12 =334
62=0.53
A2 =0.41

Salt Cs Bimodal’ #/kg ul =2.84 50t=3.11
ol =0.85 95%=5.08
A1 =0.80
pu2 =4.62
02 =0.68
A2=0.20

Beer Cb Bimodal$ #L ul=1.19 500 =2.12
61=0.42 95th=3.55
A1=0.23
u2=2.41
62=0.73
22=0.77
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Table S6. (continued)

Parameter Variable Distribution Units Parameters Percentile”
Milk Cmk Skew-normal”  #/L x; =1.23 50t =212
o=1.22 95t =351
a=5.06
Air Ca Skew-normal”  #/m? x;=-0.25 50t =1.56
®=2.20 95th =428
a=67.8
Physiological data
Ingestion rate, fish,  Irfadult Weibull* g/capita/day k=1.02 50t =433
adult A=5.89 95t =16.41
Ingestion rate, fish, Irfchild Lognormal g/capita/day meanlog = 0.61 50t =2.08
child sdlog=1.15 95th=9.94
Ingestion rate, Irmadult Normal g/capita/day p=0.945 50t =0.86
mollusc, adult 6=0.632 95th=1.85
Ingestion rate, Irmchild Log-log! g/capita/day B=2.014 50t =0.31
mollusc, child a=0.333 95th=1.76
Ingestion rate, Ircadult Weibull* g/capita/day k=1.02 50t=1.16
crustacean, adult A=1.52 95th=4.13
Ingestion rate, Ircchild Exponential® g/capita/day A=1.22 50t=10.58
crustacean, child 95th=1.85
Ingestion rate, Irtwadult Weibull® g/capita/day k=1.54 50t =502.1
tapwater, adult A =1598.8 95th=1255.2
Ingestion rate, Irtwchild Skew-normal®  g/capita/day xi = 0.104 50t =241.5
tapwater, child o=3215 95h=619.7
a=183.4
Ingestion rate, Irbwadult Normal g/capita/day u=1.51 50t =1.57
botwater, adult o =0.864 95th =12 64
(logarithmic)
Ingestion rate, Irbwchild Normal g/capita/day p=1.39 50t =1.41
botwater, child 6 =0.626 95t =228
(logarithmic)
Ingestion rate, salt, Irsadult Gamma® g/capita/day k=0.429 50t =0.57
adult 0=0.217 95th =725
Ingestion rate, salt, Irschild Weibull” g/capita/day k=0.526 50t =0.24
child A =0.660 95th=75.69
Ingestion rate, beer  Irb Lognormal g/capita/day meanlog =2.71 50t =16.6
sdlog = 1.49 95t =161.7
Ingestion rate, milk,  Irmkadult Gamma* g/capita/day k =0.605 50t =126.5
adult 0=0.014 95h=129.6
Ingestion rate, milk,  Irmkchild ~ Weibull" g/capita/day k=10.688 500 =27.9
child A=51.2 95th=236.4
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Table S6. (continued)

Parameter Variable Distribution Units Parameters Percentile”
Inhalation rate, adult InRadult Lognormal m?/capita/day meanlog = 2.70 50t =14.8
sdlog = 0.22 95h=121.6
Inhalation rate, child InRchild Normal m?/capita/day p=13.23 50t =13.1
c=4.07 95th=20.4
Stool frequency, Kioss, adult Triangular day! min = 0.4
adult max =3
Stool frequency, Kioss, child Triangular day’! min= 0.8
child max =3
Stool mass, adult Mistool, adult Triangular g/capita/day min =51
max = 796
Stool mass, child Mitool, child Triangular g/capita/day min =51
max = 699

Su is the mean, o is the standard deviation and X is the probability of the bimodal distribution functions

"x; is the location parameter, o is the scale parameter, a is the shape parameter for skew-normal, skew-¢ and skew-

cauchy distribution.

*k is the shape parameter and A is the scale parameter for a Weibull distribution.
#k is the shape parameter and 0 is the rate parameter for a gamma distribution.

A is the rate constant for an exponential distribution.

I is the shape parameter and o is the scale parameter for a log-logistic distribution.
BWW: Body wet weight
TWW: Tissue wet weight
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Table S7. Parameters of fitted distributions for shape, density and mass of MP particles for
number to mass concentrations conversion.

Media Property disg'litl:fl(tlion Probability n c

Food Height:Length Bimodal 0.749 0.255 0.116
0.251 0.632 0.153

Food Width:Length Bimodal 0.728 0.271 0.113
0.272 0.690 0.140
Air Height:Length Bimodal 0.528 0.256 0.107
0.472 0.577 0.173
Width:Length Bimodal 0.533 0.272 0.110

0.467 0.626 0.161
Food Density 4-modal 0.031 1.687 0.564
0.234 1.105 0.045
0.237 1.268 0.104

0.498 0.898 0.031
Air Density 4-modal 0.024 1.726 0.144
0.124 1.140 0.016
0.151 0.915 0.027

0.700 1.209 0.101

Food Mass 3-modal 0.45 -8.17 1.71
0.43 -9.77 0.68

0.12 -3.04 1.96

Air Mass Bimodal 0.75 -9.26 1.01
0.25 -9.82 0.45
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Table S8. Probability density functions for chemical concentrations on plastic of each media

category. Goodness-of-fit analysis was not carried out for these datasets due to low sample size.
Distributions with the best fit were evaluated visually.

Chemical Media category  Distribution Units Parameters
PCB126 Pelagic Exponential ng/g lipid A=0.225
Littoral Exponential® ng/g lipid A=17.48
Packaging Triangle ng/kg min=0
max=7.9
Air Log-logistic* pg/m’ p=1.12
a=0.155
Lead Pelagic Lognormal mg/kg ww meanlog=-2.17
sdlog=2.12
Littoral Lognormal mg/kg ww meanlog=-1.78
sdlog=1.32
Packaging Lognormal mg/kg meanlog=4.00
sdlog=4.00
Air Lognormal ng/m’ meanlog=4.22
sdlog=1.88
DEHP Pelagic Lognormal ng/g lipid meanlog=8.83
sdlog=1.60
Littoral Triangle ng/g lipid min=0
max=>5284
Packaging Log-logistic* ng/kg =0.59
0=89261.05
Air Log-logistic* pg/m’ p=1.42
0=35594.55
BaP Pelagic Lognormal ng/g lipid meanlog=6.09
sdlog=3.55
Littoral Exponential ng/g lipid* 2=0.023
Air Log-logistic* pg/m? B=1.55
a=146.09

") is the rate constant for an exponential distribution.

B is the shape parameter and a is the scale parameter for a log-logistic distribution.
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Table S9. Percentiles of MP number concentration in gut, tissue and stools for each scenario
of biliary excretion. Scenarios: no biliary excretion (ks = 0 d"'); minimum (kes = 0.067 d™!),
median (ks = 0.61 d™'); maximum (kgs = 8.30 d™).

Age category Percentile (%) Zero Minimum Median Maximum

Concentration in gut (log #/capita); p<0.05 between children & adults (Kruskal-Wallis)

Child 2.50 1.27 1.27 1.29 1.29
5 1.42 1.43 1.44 1.44
25 2.00 2.00 2.02 2.02
50 2.48 2.48 2.50 2.50
75 3.16 3.16 3.21 3.21
95 4.77 4.78 4.93 4.93
97.5 5.45 5.46 5.55 5.55

Adult 2.50 1.53 1.54 1.56 1.56
5 1.70 1.70 1.71 1.71
25 2.28 2.28 2.29 2.29
50 2.74 2.74 2.74 2.74
75 3.38 3.38 3.41 341
95 4.93 4.93 5.05 5.05
97.5 5.55 5.55 5.69 5.69

Concentration in tissue (log #/capita); p<0.05 between children & adults (Kruskal-Wallis)

Child 2.50 2.72 0.12 -0.83 -1.96
5 2.85 0.26 -0.68 -1.81
25 3.42 0.83 -0.11 -1.24
50 3.92 1.32 0.37 -0.76
75 4.64 2.04 1.14 0.00
95 6.28 3.68 2.86 1.73
97.5 6.92 4.33 3.49 2.36

Adult 2.50 3.56 0.33 -0.63 -1.76
5 3.72 0.48 -0.46 -1.59
25 4.25 1.05 0.09 -1.04
50 4.70 1.51 0.55 -0.58
75 5.37 2.17 1.25 0.12
95 6.97 3.75 2.92 1.79
97.5 7.61 4.41 3.57 2.44

Concentration in stool (#/g stool/capita); p<0.05 between children & adults (Kruskal-Wallis)

Child 2.50 0.084 0.083 0.084 0.087
5 0.124 0.124 0.128 0.127
25 0.510 0.513 0.530 0.517
50 1.657 1.634 1.715 1.731
75 8.188 8.197 9.166 8.935
95 328.56 343.5 479.4 482.0
97.5 1578.3 1599.1 1935.6 2032.7

Adult 2.50 0.12 0.12 0.12 0.12
5 0.17 0.18 0.18 0.18
25 0.74 0.73 0.75 0.77
50 2.31 2.36 2.38 2.39
75 10.5 10.4 12.2 11.6
95 372.1 363.0 490.7 487.2
97.5 1617.3 1627.1 2140.2 2138.4
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Table S10. Percentiles of MP mass concentration in gut and tissue for each scenario of biliary
excretion. Scenarios: no biliary excretion (kis = 0 d"'); minimum (kes = 0.067 d''), median (ks
=0.61 d'"); maximum (kgs = 8.30 d™).

Age category Percentile (%) Zero Minimum Median Maximum

Concentration in gut (mg MP/capita); p<0.05 between children & adults (Kruskal-Wallis)

Child 2.50 3.14E-09 3.13E-09 3.13E-09 3.13E-09
5 6.38E-09 6.15E-09 6.44E-09 6.25E-09
25 7.05E-08 7.31E-08 7.24E-08 7.11E-08
50 8.05E-07 7.98E-07 8.77E-07 8.52E-07
75 2.69E-05 2.72E-05 2.58E-05 2.88E-05
95 3.12E-01 1.96E-01 1.86E-01 2.18E-01
97.5 4.67 2.68 3.26 2.97

Adult 2.50 5.32E-09 5.67E-09 5.38E-09 5.25E-09
5 9.76E-09 1.07E-08 1.11E-08 1.04E-08
25 1.28E-07 1.26E-07 1.33E-07 1.34E-07
50 1.42E-06 1.41E-06 1.55E-06 1.59E-06
75 5.01E-05 4.64E-05 5.97E-05 4.89E-05
95 5.79E-01 3.45E-01 4.62E-01 5.88E-01
97.5 7.29 5.17 8.21 7.21

Concentration in tissue (mg MP/capita); p<0.05 between children & adults (Kruskal-Wallis)

Child 2.50 6.21E-08 1.72E-10 1.85E-11 1.33E-12
5 1.17E-07 3.07E-10 3.47E-11 2.65E-12
25 9.99E-07 2.82E-09 3.15E-10 2.24E-11
50 6.36E-06 1.73E-08 1.95E-09 1.43E-10
75 5.05E-05 1.38E-07 1.55E-08 1.17E-09
95 2.31E-03 5.55E-06 7.02E-07 5.41E-08
97.5 8.87E-03 2.15E-05 3.70E-06 2.48E-07

Adult 2.50 4.47E-07 2.61E-10 2.69E-11 2.24E-12
5 8.15E-07 4.66E-10 5.23E-11 4.16E-12
25 7.08E-06 4.26E-09 4.71E-10 3.70E-11
50 4.07E-05 2.53E-08 2.89E-09 2.22E-10
75 2.82E-04 1.95E-07 2.32E-08 1.76E-09
95 9.85E-03 6.22E-06 9.00E-07 6.89E-08
97.5 4.81E-02 2.61E-05 3.62E-06 2.85E-07
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