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ABSTRACT

The variety of physical and chemical characteristics of microplastics in the environment has caused little research
on assessing the health risks from exposure to microplastics. This article aims to review the steps for health risk
assessment analysis of human health exposure to microplastics through the consumption of marine biota and pro-
vide an explanation of the extent to which health risk assessment research has been conducted. Article searches for
this systematic review were conducted in three electronic databases: PubMed, Google Scholar, and Science Direct.
The search term used was “health risk assessment for microplastics exposure” with three criteria: free full text,
research article, and publication published in the years 2019—2023. Data base management was performed using
Mendeley Desktop 1.19.8 and the articles were then analyzed bibliometrically using VOSviewer. A total of 203
articles were retrieved from the databases and 7 articles were eligible for the literature review. Risk assessments
have not been widely conducted using health risk analysis procedures because there is no standard assessment of
microplastic concentrations in biota. In addition, there is no specific reference dose for each microplastic polymer
and the variety of physical characteristics, such as shape, color and size of microplastics, make it difficult to assess
actual ingestion. A generally applicable approach to assessing human exposure to microplastics is needed. The ap-
proach should include a representative sampling procedure in the environment, a method to identify and calculate
microplastic concentrations, a real-time ingestion assessment, and an assessment of specific health effects based
on microplastic polymers.

Keywords: microplastics, health risk analysis, marine biota, ingetion.

INTRODUCTION (Glob. Plast. Outlook, 2022) and approximately

0.8-2.5 million tons of microplastics are dumped
into the ocean every year (Friot et al., 2017)
In the environment, plastic particles are found

Plastic debris is estimated to be the most com-
mon type of pollutant found in waterways, ac-

counting for approximately 62.31% (Hahladakis
et al., 2018). It is estimated that up to 22 million
tons of plastic are wasted into the environment
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in smaller sizes in the form of microplastics (MP)
and nanoplastics (NP) (Thushari et al., 2020).
Globally, microplastics account for up to 12%
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of all plastic in the environment (Campanale et
al., 2020). Microplastics are a diverse array of
synthetic polymer particles that vary in chemi-
cal composition, size (from the micrometer scale
to sizes between 1 nm and 5 mm), density, and
shape (Eriksen et al., 2014) (Figure 1).

There are 12 types of secondary microplas-
tics with 4 forms of microplastics, i.e. fibers,
films, foams and fragments, and eight types of
polymers, i.e. PES, PA, polypropylene (PP), low
density polyethylene (LDPE), polyethylene tere-
phthalate (PET), PU, polystyrene (PS) and poly-
carbonate (PC) (Lozano et al., 2021; Okunola et
al., 2019). Various studies on waters and coast-
lines have shown microplastic contamination at
varying levels in, for example, green mussels
(Mawaddha et al. 2020), anchovies (Ningrum et
al., 2022), tilapia (Bahri et al., 2020), milkfish
(Amelinda et al., 2021), and sea urchins (Sawal-
man et al., 2021).
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Plastic particles can threaten natural life because
they can enter the food chain and potentially pose
a risk to human health through the consumption
of seafood that has been contaminated with plastic
(Rai et al., 2021) The effects of microplastics on
living organisms, including humans, are also linked
to their role of microplastics as vectors for various
chemicals (Sheng et al., 2021), organic matter (Poli-
doro et al., 2022) and metals (Liu et al., 2020)

Microplatics vary greatly in the combination
of their physical composition (shape, size and col-
or), their chemical composition and their role as
vectors for various chemicals and microorganisms,
so that in practice, risk assessment or characteriza-
tion must take this diversity into account. Based
on the EHRA paradigm, there are four frameworks
for health risk assessment, namely hazard identi-
fication, dose response assessment, exposure as-
sessment and risk characterization (Department of
Health and Ageing, 2002) (Figure 2).
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Figure 1. Estimates of the composition of global plastic waste (Hahladakis, 2020)
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Figure 2. Health risk assesment paradigm for mikroplastics (Department of Health and Ageing, 2002)
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In order to review the steps for assessing the
health risk analysis of exposure to microplastics
on human health through the consumption of ma-
rine biota which have been carried out throughout
the 20192023 period and provide an explanation
of the extent to which health risk assessment re-
search has been carried out. This article aims to
review the steps for health risk assessment analy-
sis of human health exposure to microplastics
through the consumption of marine biota and pro-
vide an explanation of the extent to which health
risk assessment research has been conducted.

Microplastic identification in the biota em-
ploys diverse sampling methods, including direct
collection from fishermen (Montero et al., 2023),
net-caught samples (Lu et al., 2021), and market
sourced samples (Barboza et al., 2020; Tanavi-
yutpakdee et al., 2023; Ziino et al., 2021). We
found that health risk assessments have not been
widely conducted using health risk analysis pro-
cedures because there is no standard assessment
of microplastic concentrations in the biota. Mi-
croplastic concentrations are calculated based on
counts in fish digestive tracts (Ziino et al., 2021),
fish flesh (Simionov et al., 2023), or entire biota
tissues (excluding bones) (Lu et al., 2021). There
is no specific reference dose for each microplastic
polymer and the variety of physical characteris-
tics, such as shape, color and size of microplastics
(Luetal., 2021; Montero et al., 2023; Polidoro et
al., 2022; Ziino et al., 2021), make it difficult to
assess actual ingestion.

Currently, no standardized protocols exist
for sampling microplastics to accurately repre-
sent environmental concentrations. Factor such
as water dynamics affecting microplastic distri-
bution in aquatic ecosystems and biota, vary-
ing concentrations among diverse species, and
diverse microplastic characteristics (shape, size,
color, and polymer type) hinder comprehensive
health risk assessments.

METHODS

Article searches for this systematic review
were conducted in three electronic databases:
PubMed, Google Scholar, and Science Direct.
Search terms were “health risk assessment for
microplastic exposure”. Three citeria were used
in the literature search: free full text, research ar-
ticles, and publication between 2019 and 2023.
Database management was performed using
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Mendeley Desktop 1.19.8. The exclusion criteria
were review and risk assessment by ingestion, and
the inclusion criteria were articles with topics on
ingestion, food, and human health risk assessment.

After removing duplicates, a total of 177 ar-
ticles from the search results were bibliometri-
cally analyzed using VOSviewer to determine the
extent to which the risk assessment for exposure
to microplastics had been carried out (see Figure
4 and Figure 5). Furthermore, seven articles that
were eligible for the systematic review were ana-
lyzed to determine the state of the art in research
specifically assessing the risk of microplastics
from consumption of marine biota.

RESULTS

The search results yielded a total of 203 arti-
cles, consisting of 59 articles from Google Schol-
ar, 33 articles from Science Direct and 111 arti-
cles from PubMed. From this total, seven journals
were obtained that were eligible for the literature
review process as presented in Figure 3.

Bibliometric analysis

To assess the progress of research and current
theory regarding the mechanisms of the risk as-
sessment process for exposure to microplastics
from consumption of aquatic biota, 177 search
result articles related to the mechanisms of health
risk analysis assessment were evaluated (see Fig-
ure 4). Based on Figure 4, it appears that research
on the relationship between microplastics and
health risks is still very limited in number.

Figure 5 shows that studies examining micro-
plastics have been related to assessing daily intake
and food safety issues and have not directly as-
sessed health risks. Figure 6 shows that during
2023, studies related to microplastics focused on
assessing daily intake, especially of several micro-
plastic polymers such as dibutyl phthalate (DBP),
bisphenol-A, and bis (2-ethylhexyl) phthalate.

Identification of microplastics and polymers

Identification of microplastics was the first
step taken to assess the potential for exposure to
microplastics that may pose health risks to hu-
mans. The results of the article searches showed
that microplastics in biota were identified by col-
lecting environmental samples such as fish and
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References identified through database searches:
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v

duplicates (n=177)

Vs

v

-
References after removal of
] [

p
References assessed for eligibility
(n=91)

Duplicate references
(n=26)

- Article review (n=86)

References excluded J

-
References meeting inclusion criteria References excluded:
(n=35) - Not relevant (n=56)
\
( . A References excluded:
References assessed for eligibility ) : .
(n=9) »| - Risk analysis for biota
g Y, (non-human) (n=26)
* J
s A ~N
References included ini literature »| References excluded:
L review (n=7) ) - Not relevant =2
- J

Figure 3. Systematic review prism chart

ciproflexacin

covid-19

(=2

ch@cal
water g

m e
affgst)

vegetabl

~ accumulation

L(“‘& VOSviewer

airborne microplastics
air pollution

artemia
anxiety

apoptosis cytokines

active oxygen species
>

et

ﬁoxicity
littants 9

@;nemucal*# Iysvs r%roplastlcs

@
fo‘s% contamnon
h

human health S

W china®

human food safety and health

biogeochemistry fourier-transfopmed infrared s

immune disturbance

phthalates
biological effect

carbonyl index

health risk

Figure 4. Network visualization for all journals

shellfish or mollusks collected directly from fish-
ermen (Montero et al., 2023), caught using nets
(Lu et al., 2021) or obtained from markets/retail-
ers (Barboza et al., 2020; Tanaviyutpakdee et al.,
2023; Ziino et al., 2021) Samples of marine biota
were collected from multiple locations (Tanavi-
yutpakdee et al., 2023) or based on fish species
(Barboza et al. 2020) or based on fishing season
locations (Tanaviyutpakdee et al., 2023) with the

aim of comparing the conditions of microplastic
contamination in aquatic biota (Lu et al., 2021).
The selection of fish species for sampling was
based on the fish species most consumed by the
community in the study area (Tanaviyutpakdee et
al., 2023) (Table 1). Research and sampling sites
were selected by considering the influence of water
conditions on the biota, such as distance from the
coast, tidal zone and estuary (Polidoro et al., 2022).
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Table 1. Sampling methods for aquatic biota to examine microplastics

Location Biota

Sampling method Reference

Calabria and Cicilia, Italia Fish

Collected directly from the market

(Ziino et al. 2021)

Nicoya Bay, Costa Rica Shellfish, fish

Collected directly from fishermen

(Montero et al.

and crustacean 2023)
Lower Danube River Valley, . . . (Simionov et al.
Galati City, Romania Fish Collected from different retailers 2023)
North Taiwan River Estuary Fish Caught with a fishing net (Lu et al. 2021)
Gulf of Thailand Shelfish CoIIec_ted fr_om the five Iargest markets, random (Tanaviyutpakdee
sampling with three samplings based on season et al. 2023)
. . Samples were collected from three market locations. | (Barboza et al.
Northeast Atlantic Ocean Fish Fish are selected based on their species 2020)

Tutuila, American Samoa
rock oysters

Gastropods and | The sampling locations were the coastline, tidal
zone and estuary

(Polidoro et al.
2022).

In the studies, microplastics abundance was
assessed on the basis of items found in aquatic
biota (Simionov et al., 2023; Ziino et al., 2021) or
based on microplastic items per gram wet weight
of biota (Montero et al., 2023; Ziino et al., 2021) or
dry weight (Lu et al., 2021). The majority of poly-
mer tests were performed using FTIR and Raman
spectroscopy (Table 2). Differences in the size and
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weight of microplastics will affect their absorption
capacity in marine biota (Ribba et al., 2022).

Microplastic exposure assessment

The results of the literature review showed
that the assessment of human exposure to mi-
croplastics was calculated based on the results of
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Table 2. Methods for identification of microplastics and microplastic polymers in biota

Biota

Body parts

Dominant physical
characteristics

Microplastic abundance

Samples for polymer
identification

Polymer
identification
methods

Dominant
polymer

Reference

Fish

Soft tissue
digestion

Line, blue, 201-500
pm

Mean 0.37 + 0.288 g per
weight

20% of the number of
microplastics found

FT-IR

PP

(Ziino et al., 2021)

Shellfish, fish
and crabs

Particle, purple.
30-500 pm

. Arched
swimming
crab4.0+£1.0
MP/g

. mangrove
cockle 3.3 +
2.9 MP/g;

. Stolzmann’s
weakfish 2.4 +
1.3 MP/g

30% of the number of
microplastics found

Raman
spectroscopy

DEHP

(Montero et al.,
2023)

Fish

Muscle

Fiber, 3500 ym

1 item MP (only one fish
found containing MP)

Filtering with a pore size
of 1 um and a diameter
of 47 mm

FT-IR

PS

(Simionov et al.,
2023)

Fish

Al soft fish
tissues
(homogenized
with a blender)
except bones

. Mean 0.163 +
0.305 ng/g d.w.
(benthic fish)

. Mean 2.40 £
0.366 ng/g d.w.
(pelagic fish)

3 Mean 0.0927
+0.135ng/g
d.w. (migratory
fish)

Filtering, to obtain MP
sizes of 5 mm-50 um

FT-IR

DEP

(Luetal, 2021)

Shellfish

Clams, mussels
and cockles

Fiber, orange, >
100-500 pm

. Mean 0- 1.2
items//g w.w.

. Mean 0-4.3
items/individual

(Tanaviyutpakdee et
al., 2023)

Fish

Digestive tract,
gills, meat

Fiber, blue, 501-500
pm (in gills)

. Digestive tract:
mean 1.3+2.5
item/individual

. Gills: mean
0.8 £ 1.4 item/
individual

. Dorsal: 0.4
+0.7 item/
individual

(Barboza et al.,
2020)

Gastropods
and rock
oysters

Whole tissue

Fiber

15-17 particles per mollusk

10% of the number of
microplastics found

Raman
spectroscopy

PET

(Polidoro et al.,
2022)

the identification of the amount of microplastics
in biota (Tanaviyutpakdee et al., 2023). The as-
sessment of microplastic intake refers to the MP
content found in meat (muscle tissue), assuming
that it is fish meat that is consumed by humans
(Simionov et al., 2023). Another study showed
that MP were most abundant in the gastrointes-
tinal tract compared to those in gills and muscle
(Barboza et al., 2020) (Table 3).

Studies to identify fish tissues to serve as a
basis for exposure assessment showed no signifi-
cant differences in microplastic findings in fish
based on fish length and weight (Barboza et al.,
2020). The digestive tract had the highest micro-
plastic content compared to the gills and back of
the fish. The microplastic content in the digestive
tract was (mean) 1.2 + 2.0 items/individual, in the
gills (mean) 0.7 £ 1.2 items/individual and in the
back was 0.54 £ 0.099 (Barboza et al., 2020). It
is estimated that humans swallow 50.000 small

pieces of plastic per year (Campanale et al., 2020).
The amount of microplastics ingested by human
through aquatic biota is influenced by geographic
location of residence, lifestyle choices, and level
of fish consumption (Barboza et al., 2020). Micro-
plastics as small as 20 um can enter organs, and
microplastics as small as 10 pm can invade cells
and penetrate cell membranes (Xu et al., 2019),
the placenta (Grafmueller et al., 2015), muscles,
and even the liver (Ogonowski et al., 2018; Stock
et al., 2019; Verla et al., 2019; Yong et al., 2020).
Physically, microplastics have the ability to pass
through living cells into the spleen and human cir-
culatory system (Kowalski et al., 2016).

Response assessment

Dose-response assessments have been used
to estimate how exposure levels to different
chemicals may affect the likelihood and severity
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Table 3. Exposure and risk assessment methods

Biota Types of Exposure assessment method Risk assessment methods Reference
polymers found
The dietary exposure per serving (ug/ The risk assessment was
Shellfish, kg/bw/d) was calculated as the amount performed _by comparing
) DEHP, BPA and o the proportion of (Montero et al.
fish and consumed (kg) multiplied by the . . .
DBP . . microplastic consumption 2023)
crabs concentration of MP (ug/kg) per body weight | . )
. with the predetermined
(mg/kg body weight/day) ™I
. The level of non-
EDI was calculated as the quotient of the . -
carcinogenic risk was .
. product of exposure frequency, exposure - (Simionov et al.
Fish MP L ) assessed by comparing
duration, intake rate, concentration by body [ ; 2023)
. the daily intake with a
weight, and average exposure.
reference dose
Chronic daily intake (CDI) is calculated
. S The level of non-
as the intake multiplied by the frequency carcinogenic risk was
. PAE, BPA, NP, | of exposure per year (days/year) and the 9 .
Fish " o assessed by comparing (Lu et al. 2021)
and MP duration of exposure (years) divided by the . .
: . the daily chronic intake
average exposure (life expectancy/AT) times with a reference dose
the number of days in a year (365 days)
The risk could not be
) Exposure (item/person/day) was calculated |assessed because HBGV .
Shellfish MP as biota consumption multiplied by the (health-based guidance (Tanaviyutpakdee
. . et al. 2023)
number of microplastics value) was not yet
available
Intake was calculated as the average
Fish MP amount of microplastics in fish meat ) (Barboza et al.
(microplastic items/gram) multiplied by the 2020)
standard intake of fish per person (g)
Gastropods | PET, phthalates, Intake was cglculateq as thg average The level of risk was .
C amount of microplastics in fish meat assessed by comparing (Polidoro et al.
and rock pesticides and . o L : f
oysters PCBs (mlcropla§tlc |tems/gram) multiplied by the | the intake with the 2022)
standard intake of fish per person (g) reference dose (RfD)

of health effects. The dose-response relationship
is often different for many chemicals that cause
cancer than for those that cause other types of
health problems (California Environmental Pro-
tection Agency, 2011).

In this literature review, the dose assessment
of respondents’ exposure to microplastics was
performed by calculating the total daily intake
(TDI) of microplastics. The results of the mi-
croplastic intake calculations were then com-
pared with the intake standards set by authorita-
tive institutions such as the BPA. There was no
health risk assessment to determine the level of
risk, as there is no reference dose for microplas-
tic exposure (Table 4.)

Risk characterization for microplastic exposure

The exposure assessment of microplastics
was done by estimating the amount of micro-
plastics consumed by each age group, especially
children and adults (Conti et al., 2020). Mean-
while, the risk characterization process has not
been done because there is still no specific effect
of microplastics on humans. Meanwhile, anoth-
er approach was used to assess the cumulative
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exposure to various PTEs (potential toxic ele-
ments) in the form of heavy metals including
microplastics (Simionov et al., 2023).

DISCUSSION

Environmental factors such as temperature,
sunlight, degradation by microorganisms and hy-
drolysis influence the process of degradation of
plastics in the environment to smaller sizes, both
microplastics and nanoplastics (Hahladakis et al.,
2018; Prata et al., 2020). Some microplastics are
primary, meaning they are micro-sized from the
manufacturing/production process, and some are
secondary, meaning they come from the degrada-
tion of larger plastics (Prata et al., 2020; Rai et al.,
2021). Plastic particles can enter the food chain or
become contaminated with other substances and
become vectors for various chemicals (Sheng et
al., 2021), organic materials (Polidoro et al. 2022).,
and metals (Liu et al., 2020), potentially posing a
risk to human health (Rai et al., 2021) (Figure 7).

The process of identifying microplastics is the
first step that must be taken to assess the potential
health risks that may arise (Department of Health
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Table 4. Dose reference levels used in health risk research on microplastic exposure

Biota Polymer

Dose reference Reference

Fish Polipropylene

- (Ziino et al. 2021)

Shellfish, fish and DEHP, BPA and DBP

TDI of BPA for pregnant women was 0.33 pg/kg/bw/d
(ANSES, 2014) and 0.004 pg/kg/bw/d (EFSA); no TDI of

(Montero et al.

crustaceans DEHP and DBP was found for preganant women 2023)
. (Simionov et al.
Fish MP - 2023)
Reference doses for DEP, DBP, DEHP, BPA, DIBP and
Fish PAE, BPA, NP and | DINP were 0.8, 0.1, 0.02, and Q.OS, 0.100, 0.059 mg/kg/day, (Lu et al. 2021)
MP respectively.
CSF for DEHP was 0.014 (oral exposure)
) ) (Tanaviyutpakdee et
Shellfish MP al. 2023)
. ) (Barboza et al.
Fish MP 2020)
Gastropods and PET, phthalates, Dibutyl phthahlate 0.1; diethyl phthalate 0.8; di-ethylhexyl (Polidoro et al.
rock oysters pesticides and PCBs phthalate (DEHP) 0.02; and PCBs 0.00002 2022)

lastic material

!

Primary microplastics

Degradation (chemical,
physical processes in waters

A\ )

Secondary microplastics

vmastics as vectors

(contaminated with other
materials)

v
Sedimentation

Figure 7. Transfer of microplastics in water

and Ageing, 2002). Considering the variety of mi-
croplastics in the environment, the sampling pro-
cess of biota must consider environmental factors
such as temperature and current patterns (Lu et al.,
2021). Biomagnification of microplastics needs to
be considered in the environmental sampling pro-
cess in order to provide an explanation of the re-
lationship between MP in the environment and in
the body of aquatic biota (seawater, sediment, and
MP in biota (Polidoro et al., 2022). Fish species
that are active at the surface of the sea or water
bodies, such as pelagic fish, have higher levels of
microplastics compared to benthic and migratory
fish (Luetal., 2021), while shellfish are considered

a good bioindicator of microplastic contamination
in seawater (Simionov et al., 2023)

The process of identifying microplastic poly-
mers is necessary to assess the potential for spe-
cific effects based on microplastics. Potential
health risks to humans are related to dose, polymer
type, size, chemical composition (liang Liao et
al., 2020) and hydrophobicity (Campanale et al.,
2020; Okunola et al., 2019; Smith et al., 2018).
There are several techniques used to identify the
presence of microplastics in the environment, one
of the most common is to examine the IR spec-
trum with the FTIR test (Rakesh et al., 2014). The
next step is to conduct an exposure assessment.
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This includes assessing the duration of exposure,
the rate of ingestion, and the concentration of mi-
croplastics ingested (Department of Health and
Ageing, 2002). Dietary data are required for ex-
posure assessment (Ziino et al., 2021). However,
based on the human health risk analysis protocol
(HHRAP), only food produced at the exposure
site is contaminated by the substances or chemi-
cals of the assessed substance. Food that was not
produced at the exposure site is not considered to
be contaminated and is not relevant to the assess-
ment (Response et al., 2005). Duration of expo-
sure is the length of time the receptor is exposed
via a particular exposure pathway until the recep-
tor is no longer exposed to the risk agent via the
exposure pathway (Response et al., 2005).

The size, shape, and type of plastic are very
important factors in explaining the effect of mi-
croplastics. Microplastics as small as 20 pm can
enter organs, and only microplastics as small as
10 um can enter cells and penetrate cell mem-
branes (Schirinzi et al., 2017; Xu et al., 2019),
penetrate the placenta (Grafmueller et al., 2015;
Poulsen et al., 2015) and potentially reach mus-
cles and even the liver (Ogonowski et al., 2018;
Stock et al., 2019; Verla et al., 2019; Yong et al.,
2020). Physically, microplastics have the ability
to pass through living cells into the spleen and the
human circulatory system (Kowalski et al., 2016;
US EPA, 2015). Only microplastics smaller than
150 um can pass through the intestinal epithelium
and cause systemic exposure.

The chemical toxicity of microplastics may
result from the leaching or elimination process
of monomeric components, endogenous addi-
tives, and adsorbed environmental contaminants
(Lithner, 2011; World Health Organization, 2019;
Wright et al., 2017). Meanwhile, from a physi-
cal perspective, exposure to microplastics has the
potential to cause inflammation because they can-
not be broken down in the body’s metabolic pro-
cesses and has the potential to increase the risk of
neoplasia (De-la-Torre, 2020)

The results of an in vitro study to examine
the effect of microplastic exposure in the diges-
tive tract showed that the digestion process had
increased the average size of PS-MP from 100
um to 440.2 um. The digestion process has also
increased the zeta potential value for 50 pm size
particles from 40.8 eV to 34.4 eV. For the 100
um size, it increased from 31.4 eV to 39.1 eV, re-
sulting in a decrease in LDH release and reduced
intestinal transport damage. The bioavailability
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and toxicity of microplastics also decreased after
processing in the gastrointestinal tract, increasing
pro-inflammatory effects. This study also shows
that the combined toxic effects of MP & Arsenic
(As) can be reduced by processes in the digestive
tract (Liu et al., 2020).

CONCLUSIONS

The dynamics of marine waters must be of
concern, especially in efforts to explain how mi-
croplastics spread in the environment and as a ba-
sis for determining representative sampling for the
process of identifying microplastics in aquatic bi-
ota. Fish and shellfish meat is considered the most
relevant part for assessing human intake of micro-
plastics because of the meat consumed by humans.

In order to assess exposure to microplastics,
it has been demonstrated that all fish body tissues
were found to contain microplastics of different
sizes and different chemical compositions with
different contaminants. Therefore, it is necessary
to consider conducting a comprehensive study of
microplastic polymers in all biota tissues as well
as to provide a basis for overall risk assessment,
considering that microplastic components are
very diverse both in terms of physical characteris-
tics, chemical composition and the role of micro-
plastics as vectors for other substances/materials.

Further research is needed on the exposure
threshold for ingestion of microplastics to cause
chemical and physical effects (simultaneously)
from each type of polymer or from all microplas-
tics ingested by humans through consumption of
marine animals.
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