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ARTICLE INFO ABSTRACT

Keywords: Micro- and nanoplastics have been detected in environmental compartments from the highest mountains to the
Microplastics deepest seas. They have been shown to be present at almost all trophic levels, and within humans they have been
NanoPIaStiFS detected in numerous organs and human stool. Whilst their ubiquitous nature is indisputable, little is known
gf:;iﬁ‘ta;enal about the health risks they may present. Much current research is focussed on the production of test materials
Dispersion with which to perform the necessary health studies. An important aspect of this is the correct storage and sus-

pension of the materials to ensure they remain stable both chemically and with regards to size and shape. In this
review, we look at the chemical stability of nine common polymers in a range of liquids; first with the use of
commercial compatibility charts and then with a more quantitative approach using Hansen solubility parame-
ters. We then look at stability with regards to particle agglomeration, whether and how stable compositions can
be predicted, and which dispersants can be added to increase stability. Finally, we discuss the role of bio-
surfactants and the eco-corona and how these may offer a route to both better stability and environmental

relevance.

1. Introduction

Since their first commercialisation in the 1950s, plastics have
become an essential part of modern living due to their unique properties
and low cost. The annual global production has been continuously rising
and was estimated at 390.7 million tons in 2021 Bouwmeester et al.,
2015; Janssens, 2022; Wright and Kelly, 2017). Plastic use, as well as
mismanaged plastic waste, lead to small plastics known as micro- and
nanoplastics (MNPs). These particles are <5 mm and <0.1 pm in size,
respectively. MNPs originate from numerous sources: they are inten-
tionally added to products such as cosmetics, production pellets or for
cloth production (Boucher and Friot, 2017; Kannan and Vimalkumar,
2021), they can be formed by wear during use (Cai et al., 2020; Jan Kole,
2017; Luo, 2022) or they can also be formed by degradation of plastic in
the environment through exposure to biotic (bacteria, fungi etc) or
abiotic (UV, waves heat etc) stresses (Andrady, 2022; Tirkey and
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Upadhyay, 2021). Numerous reports have shown the presence of MNPs
in oceans, rivers, water bodies, surface soils, both indoor and outdoor air
and human samples (urine, blood, placenta, stool etc.) (Danopoulos
etal., 2020; Dusza, 2022; Horton, 2020; Lahive, 2022; Leslie et al., 2022;
Pironti et al., 2023; Romano et al., 2018; Schwabl, 2019).

Due to the exposure potential of MNPs, ongoing research aims at
elucidating their potential toxicological effects on organisms from
different trophic levels, including humans (Burns and Boxall, 2018;
Castro-Castellon, 2022; Wang et al., 2021). Such research relies on
relevant MNP test material that is standardised, but still reflects particles
found in the environment. Spherical polystyrene microbeads are
currently the most widely used MNP model particles, while little is
known about fragments from commonly used plastic types. Addition-
ally, these spherical particles are not representative of the complex
MNPs found in the environment that have been subjected to various
ageing processes such UV-irradiation, oxidation and fragmentation
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(Bosker et al., 2019; Kiihn et al., 2018; Seghers, 2022; Stock, 2021; von
der Esch, 2020). Finally, these particles often contain surface groups or
surfactants not commonly found in nature that should be taken into
consideration when performing a laboratory study (Brachner, 2020;
Gruber, 2022).

One potentially determining factor of the uptake and toxicity of
MNPs is particle size, therefore MNP test materials of all plastic types
with clearly defined size distributions are desired. More and more
research groups are trying to produce their own test materials, through
different processes such as milling or precipitation (Eitzen et al., 2019;
Gouin, 2019a; Hildebrandt and Thiinemann, 2023). By optimising
techniques such as precipitation, or combining milling with fraction-
ation through sedimentation or sieving, MNPs in numerous size fractions
have been produced (Tanaka et al., 2023; Parker, 2023). In parallel with
the preparation of test materials, attention should be given to the sus-
pension of these MNP test materials to ensure that the particle proper-
ties, in particular the size distribution, are not affected by the
suspension. Prepared suspensions should be stable, not allowing for
agglomeration, swelling or dissolution/chemical breakdown of the
polymers during (long-term) storage and use. Care should also be taken
with surfactants, solvents and other dispersants used in the process.
Such compounds could potentially alter the surface of the particles and
thus modify their way of interacting with the biological models and
organisms used for toxicity screening. In some cases, the toxicity could
even derive from these additives rather than the particle itself (Balak-
rishnan et al., 2019; Paul, 2020; Stock, 2022). This is also true for toxic
substances such as plasticizers and heavy metals that are (non-)inten-
tionally added to plastics during production to enhance polymer prop-
erties or adsorbed by the plastics during and after use. These substances
can leach from plastic particles into the media during storage and ex-
periments (Petersen et al., 2022). While toxicity from chemical leaching
needs to be seriously considered and distinguished from particle
toxicity, a detailed analysis is out the scope of this review.

The aim of this review is to provide an overview of potential liquids
and dispersants for MNP test materials, also taking into account
biocompatibility of both, such that a model system can be tailored for
each plastic type. In order to achieve this, an overview of the chemical
compatibility of nine plastics with a number of common lab liquids is
given followed by an assessment of the toxicity of the most promising
candidates. Factors influencing particle agglomeration are then dis-
cussed and progress towards predicting particle suspension stability is
presented. The use of (bio)surfactants, their environmental relevance
and toxicity is discussed before ending with a number of approaches that
do not utilise a liquid/dispersant system. Hopefully, this review can act
as a guide for those that pursue to develop new or improved MNP test
materials and to standardise/harmonise the evaluation of microplastic
toxicity.

2. Dispersion liquids

To correlate MNP size to potential toxicity, a well-defined size dis-
tribution is a prerequisite. Changes in the size distribution and surface
chemistry due to suspension need to be minimized. It is therefore crucial
that the suspension system (liquid + potential dispersant) is compatible
with the materials used. This preferably means that 1) the plastic does
not dissolve in the chosen liquid; 2) the liquid is not absorbed in the
plastic (a.k.a. swelling); 3) particles do not agglomerate and 4) the
system does not affect metrics relevant for interpretation related to the
study’s purpose.

In this section, potential suspension liquids for nine common plastics
(PMMA, HDPE, LDPE, PA, PC, PP, PVC, PS and PET) are investigated.
First, a shortlist of potential liquids is composed based on their chemical
compatibility. Then, using Hansen solubility parameters the solubility of
common polymers in the selected liquids is examined (Diaz de los Rios
and Hernandez Ramos, 2020; Hansen, 2000, 2004; HANDBOOK of
Surface and Colloid Chemistry, 2009). In the context of this review,
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solubility is exclusively defined as dissolution of the solid test materials
into a liquid solvent and does not refer to dispersion stability as in
colloidal sciences.

2.1. Chemical compatibility

Many companies publish chemical compatibility charts that grade
the effect of liquids/solvents on their material. Using several chemical
compatibility charts and other references (Bel-Art; CDF Corporation;
Curbell Plastics; dominique Dutscher; Equistar,; Graco; HCS-Lab; Inc;
ISMa; ISMb; National Polystyrene Systems; PerkinElmer; Pipestock;
Schulman; Scientific; Ultratech International; Polyethylene Tere-
phthalate), a shortlist of promising liquids with minimal effects on
commonly used plastics was compiled. The list is presented in Table 1.
For conciseness, salt solutions listed in compatibility charts are omitted
from the table as these do not differ from water for the plastics in scope
of the present study. In general, the selected plastics show good
compatibility with aqueous solutions. The exception is PET which one
source deemed incompatible with warm water but good in cold water
(Curbell Plastics). A reason is not given but this may be due to the po-
tential for hydrolysis of PET. Ethanol, (iso)propanol and (iso)butanol
also seem suitable for most plastics, however there are large discrep-
ancies between sources; e.g. some sources deem alcohols to be
compatible with polystyrene, but others give them the least resistance
(PerkinElmer; Inc; National Polystyrene Systems; HCS-Lab). The polyols
appear to be even more suited for the selected polymers, with the
exception of PVC. The aliphatic alkanes, hexane and cyclohexane, are
only compatible with PA. Many oils were found to be somewhat
compatible with most plastics, however it is important to note that oils
are less practical to work with due to their immiscibility with aqueous
cell media.

2.2. Solubility

The first factor that will contribute to a stable MNP suspension is
solubility. The suspension can be altered by either dissolution of the
polymer into the liquid (solvent), or by the absorption of liquid into the
polymer, a.k.a. swelling. While these effects should to some extent be
contained in the chemical compatibility charts, a more concrete
approach to predict the solubility of the common polymers in the
promising liquids is desired. A simplistic view to predict solubility is
“like dissolves like”, i.e. polar solvents dissolve polar solutes and non-
polar solvents dissolve non-polar solutes. The Hansen solubility
parameter (HSP) approach takes this a step further and accounts for the
three major types of interactions between molecules: 1) dispersion
forces (D), 2) permanent dipole forces (P) and 3) hydrogen bonding (H)
(Hansen, 2007). The energy of each interaction is described by their
respective parameter Ep (dispersion), Ep (polarity), Ey (hydrogen
bonding). The parameters can be represented in three-dimensional
space as the centre of a sphere. Good solvents will be located within
the sphere, while bad solvents will lie at the boundary of the sphere or
beyond. Ra is the distance between two species based on their solubility
parameter components and is a measure of how “alike” they are, with
the old adage “like dissolves like” here being quantified. Ra is calculated
using the following formula:

Ra’? = 4(5D1-6D2)* + (5P1-6P2)* + (6H1-8H2) 1

Ro is the boundary of the HSP sphere and is determined through
experimental measurements of “good” and “bad” solvents. The Ro for
many common materials is available in numerous reference books. The
relative energy difference (RED) of two species can be calculated with:

RED = Ra/Ro 2)

A RED value of less than 1 indicates a substance will dissolve, while a
value > 1 indicates progressively lower affinities. Therefore, for stable
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Table 1
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Compatibility of various liquids with nine common polymers (Bel-Art; CDF Corporation; Curbell Plastics;
dominique Dutscher; Equistar,; Graco; HCS-Lab; Inc; ISMa; ISMb; National Polystyrene Systems; Perki-
nElmer; Pipestock; Schulman; Scientific; Ultratech International; Polyethylene Terephthalate). Values from
the chemical compatibility charts have been converted to 1: Good 2: Some effect 3: Not suitable. Value shown
is an average of all available sources. *Indicates that values vary widely (from 1 to 3) between sources.

Liquid HDPE LDPE PP PC PS PVC PA PMMA  PET

Water 1 1 1 1 1 1 1 1 2%
Urea 1 1 1 1 2 3* 1 - 1

Acetic Acid 1 1 1 2% 2% 2% 2% 2% 2%
Ethanol 1 1 1 2 2 3* 1 1
1-Propanol 1 1 1 2 2 1 2% 1
Isobutanol 1 1 1 1 1 1 1 2% 2
Glycerol 1 1 1 1 i 1 1 2 1
Ethylene Glycol 2% 1 1 2 1 1 1 1 1
Propylene Glycol 1 1 1 2 1 3 1 2 1
Diethylene glycol 1 1 1 2 1 3 - 2% 1
Cyclohexane  3* 2% B 2% 3 2% 1 2% 2%
Hexane 2 3 2 3 B 2 2 2% 1
Vegetable oils 2% 1 1 2 1* 1 3* 1

MNP suspensions, high RED values are desired. Table 2 shows the
calculated RED values for selected liquid/plastic combinations (Diaz de
los Rios and Hernandez Ramos, 2020; Hansen, 2000, 2004; HANDBOOK
of Surface and Colloid Chemistry, 2009). From this table it is evident
that for most plastics, aqueous liquids are suitable from a solubility
standpoint. Other promising liquids include glycerol and ethylene glycol
(although not compatible with PA) and 1- or 2-propanol (not compatible
with PMMA). This table also suggests that PC, PA and PMMA are the
most challenging to keep stable. These are three relatively polar poly-
mers and as such any solvent that has polar or hydrogen bonding groups
will show a non-negligible interaction with these polymers. This may
increase diffusion and swelling. For PC and PMMA this is enhanced by
the non-crystalline nature of the two polymers that causes a decreased

resistance against swelling. If these polymers start to swell, agglomer-
ation can occur when they start sticking together.

2.3. Liquid toxicity

Performing toxicological studies with biological systems (cell cul-
tures, tissue, organs or organisms) requires the use of multiple buffers
and growth media. Toxicity screening of MNPs in these systems is
challenging, as their water-insoluble nature prevents the creation of a
homogeneous exposure suspension. The suspension and stability of each
material depends not only on the particle’s unique properties and the
desired exposure concentration but also on the medium used in each
study (different types of cell medium, fresh or salted water for aquatic

Table 2

Calculated RED values for selected liquids and common plastics.
Type Liquid HDPE LDPE PP  PC PS  PVC PA PMMA PET
Aqueous Water 218 132 74 68 78 78 63 4.0 5.7
Urea 15,6 9.7 53 44 53 5.3 4.2 2.5 3.7
Acetic Acid 7.8 4.1 2.7 1.8 2.6 1.4 3.8 1.2 1.6
Alcohols Ethanol 100 58 35 25 34 34 17 16 2.1
1-Butanol 7.7 4.3 2.7 1.8 2.6 2.6 3.3 13 1.6
2-Butanol 7.2 4.0 2.6 1.6 2.4 2.4 3.6 1.2 1.4
Iso-Butanol 8.1 4.4 2.8 2.0 2.8 2.8 3.3 1.4 1.7
1-Propanol 8.7 49 30 21 2.9 2.9 2.6 1.4 1.8
2-Propanol 8.1 4.6 2.9 1.9 2.8 2.8 3.0 1.4 1.7
Polyols Glycerol 149 90 51 42 52 52 20 2.6 3.6
Ethylene Glycol 132 79 46 3.6 46 46 0.9 2.2 3.1
Propylene Glycol | 83 48 29 17 26 26 3.0 1.1 1.5
Diethylene Glycol | 11.2 6.6 3.9 2.8 3.7 3.7 1.2 1.7 2.4
Dipropylene Glycol| 96 56 33 22 31 31 21 1.4 1.9
Triethylene Glycol | 106 6.1 3.7 26 35 35 19 1.5 2.2
Alkanes Cyclohexane 15 10 104 17 12 12 |88 13 1.5
Hexane 3.3 1.1 1.0 2.0 1.7 1.7 8.8 1.4 1.7
Fatty Acids Oleic Acid 30 11 11 09 10 10 67 09 0.8
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organisms etc.) (Meiner et al., 2009). To achieve that, MNP suspensions
are created in various liquids with the possible addition of surfactants
and other dispersants (discussed in depth in later sections), whose
toxicological profile should also be known and taken into consideration
(Balakrishnan et al., 2019).

While using dispersing agents seems the solution for creating stable
suspensions these added components in cell culture media can be
problematic from a biological aspect. Any addition of external compo-
nents changes the “normal” cellular environment, with the cells seeing
them as extra antigens and potentially altering their response. In addi-
tion, these materials may change the chemistry of the cell surface/
membrane which can alter the way chemicals interact with cells and
transport through the monolayer. The degree of toxic effects induced
can vary among the different liquids and is time, concentration, and cell
type dependent. For instance, recent studies have shown that in the
majority of cells, DMSO seems to induce high toxicity and even at low
concentrations is able to stimulate retinal apoptosis, whereas ethyl ac-
etate and methanol have significantly lower toxicity (Koc et al., 2022),
(Galvao et al., 2014). However, this response could vary a lot based on
the readout chosen to validate the toxic effect, and the cell type used.
Regarding the endpoint used for the assessment, Forman et al. showed
that cytotoxicity induced by DMSO in HelLa cells is significant at con-
centrations above 2% while growth inhibition was observed even at
concentrations below 1% (Forman et al., 1999). Differences in responses
of multiple cell lines are reported by Timm et al. where 0.25 and 0.5% of
DMSO had a stimulatory effect for the Mono Mac cells, and HL-60 cells
but reduced the response of RAW 264.7 cells. While if toxicity is
examined among different solvents, then, for example, ethanol affects
cell viability at a concentration of 5% for HeLa cells, which is signifi-
cantly higher than the threshold of 2% for the DMSO (Timm et al.,
2013a). Based on these observations, the final concentration of each
component in the suspension medium should be known and controlled
to eliminate potential toxic side effects (Table 3).

Based on their chemical compatibility and solubility (presented in
Tables 1 and 2), the most promising liquids for creating MNP suspen-
sions were further investigated for their suitability for toxicological
studies using potential toxicity in multiple cell lines. This is shown in
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Table 3. Toxicity data from previous cell studies show that most of the
potential liquids used in particle suspensions or drug delivery studies are
capable of inducing significant toxic effects only in high concentrations
of 2-4% in the final solution (Gonzalez-Suarez, 2017; Komura, 2022;
Mochida and Gomyoda, 1987; Timm et al., 2013). In MNP exposure
studies, it seems unlikely that such high doses of the additive compounds
are reached, if serial dilutions of a concentrated stock solution are used
to achieve the lower environmentally relevant concentrations of parti-
cles. However, another factor that should be taken into consideration in
biological studies is the presence of potential metabolites of these liquids
that could be produced and released during the exposure. These me-
tabolites could be more toxic than the original compound, something
that could potentially be an obstacle for chronic exposures or animal
studies. This effect has shown to be the case for diethylene glycol (DEG)
and its two metabolites: diglycolic acid (DGA) and N-(2-Hydroxyethyl)
ethylenediamine (2-HEEA) (Reed et al., 2021). Studies have shown that
DGA can be concentrated in the kidney, brain and liver, playing a sig-
nificant role in the induction of cell death and nephrotoxicity. In these
cases, time and concentration ranges play a significant role in the DEG
and its metabolites-induced toxicity. The DGA metabolite in high con-
centrations seems to have similar effects as the DEG but unlike DEG can
induce apoptosis in much lower concentrations as well. Therefore, it is
likely that repeated dosing experiments could enhance metabolite
accumulation to higher concentrations in targeted tissues causing un-
wanted toxicity in later time points.

Similar examples can be also found in literature for suspensions
made in water, the so-called “aqueous” suspensions. A characteristic
example is the case of the C60 aqueous aggregates produced in a mixture
of Tetrahydrofuran (THF) and water. Studies performed in zebrafish
have found effects in the THF-C60 and THF-water exposure groups while
no effects have been observed for the C60-water groups. Further analysis
of the composition of the water revealed that the use of THF as a vehicle
generated new substances in the water which were responsible for the
observed mortality (Henry et al., 2007). Based on this evidence it is
important to highlight that even “aqueous” suspensions should be tested
for extra toxicity of their solvents when introduced in a biological sys-
tem. Multiple commercial PS suspensions are supplied as aqueous

Table 3
Toxic effects of liquids potentially used in MNPs suspensions, in multiple cell lines or organisms.
Liquid Toxicity study 1C50/ Exposure Source Recommended final Comments
EC50" time (h) concentration
Ethanol HepG2, MDA-MB- - 72h Nguyen et al., 2020 0.15%-1.5% v/v Toxicity dependent on the cell line.
231, MCF-7 and Low toxic effects for the HepG2, MDA-MB-231, MCF-7
VNBRCAL1 cells and VNBRCAL1 cell lines but higher for the K562, HL60,
HCT-116 and H929 cells (Koc et al., 2022), (Nguyen
et al., 2020)
Methanol K-562, HL-60, HCT- 10% v/v 24, 48 and Koc et al., 2022 1-2% v/v
116 and H929 cells 72h
Ethyl acetate K-562, HL-60, HCT- >10% 24-72 h Koc et al., 2022 1-2% v/v
116 and H929 cells v/v
Glycerol SAECs cells 3-4% v/ 24 Komura et al., 2022 0.01%-2% v/v (f Toxicity affected by temperature (e.g. less toxic effects
v exposure is up to 24 at 21 °C than 37 °C)
h)
1% if exposure is up to
48 h
Ethylene KB cells 0.45 M 72 Mochida and 0.01%-1% v/v
glycol Gomyoda, 1987
Propylene KB cells 0.31 M 72 Mochida and 0.01%-1% v/v
glycol Gomyoda, 1987
NHBE cells 3.41% 24 Gonzalez-Suarez
v/V et al., 2017
SAECs 2% 24 Komura et al., 2022
Diethylene SH-SY5Y (Neuron 0.1 M 24-120 h Reed et al., 2021 <1% v/v Can be metabolized into compounds proven to induce
glycol (DEG)  cells) cell death in vitro.
KB cells 0.18 M 72 Mochida and Higher toxicity shown in chronic (animal) studies
Gomyoda, 1987 correlated to exposure time and concentration range
n-hexane Hepatocytes 297 mM 2 Zapor et al., 2002 -

EC50 values represent the effective concertation of the components, able to induce an effect at 50% of its maximal response.
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solutions or a mixture of ethanol/water. The uncertainty of the
composition of the final product regarding dispersant or other additives
used could lead to misinterpretation of the observed data (Gouin et al.,
2019b). Stock et al. investigated the effect of the aqueous dispersants
that commercial PS is supplied in by separating the particles from their
liquid vehicle. Then exposures to intestinal and liver cell models proved
that commercial “ready-to-use” suspensions of PS were stored in rele-
vant amounts of toxic dispersants while the particles on their own were
mostly nontoxic (Stock et al., 2022). Furthermore, it shouldn’t be
ignored that different cell lines and organisms present different sensi-
tivity to compounds, so it is necessary to be also aware of the specific
characteristics of the biological model used in order to find the optimal
concentration needed.

3. Agglomeration

While water appears to be a viable liquid for microplastics research
based on the chemical compatibility, limited solubility with various
polymers and low toxicity (as shown in Tables 1-3), it is known that
many polymers such as polystyrene tend to agglomerate in water (Eitzen
et al., 2019). It is important to minimise agglomeration of test materials
for toxicity testing as agglomeration can lead to larger particles with a
broader size distribution (see Fig. 1A). This has direct implications for
toxicity assessments as the particles exposed to cells/organisms maybe
larger or more heterogeneous than the as-prepared materials making it
hard to draw accurate conclusions as to the relationship between par-
ticle and effect.

Agglomeration occurs when the repelling forces between particles
are weaker than the attractive forces and can greatly affect the size
distribution of a MNP test material in suspension, as shown in Fig. 1A.
The three most important forces governing agglomeration are 1) van der
Waals, 2) electrostatic and 3) steric forces. Van der Waals forces are
attractive forces between atoms caused by fluctuating polarisation
(Ninham and Parsegian, 1970), (Moore et al., 2015). Repulsive elec-
trostatic forces arise when a particle is suspended in a liquid; an elec-
trical double layer is formed around the particle as a result of the surface
charge and a cloud of counterions. Steric forces are caused by the
adsorption of bulky molecules on the surface of a particle and can be
achieved by the use of additives such as surfactants or dispersants, that
create a layer of molecules around the particles that repel each other.

A [

o & b

Primary Particle Agglomerates

Primary Particles Held by Weak Primary Particles Held by Strong
van der Waals Forces Chemical Bonds (Sintered)

Liquid Dispcrs‘iV X \

Aggregates

Electrical Double Layer Hydrodynamic Diameter
(Thickness depends on
solution ionic strength)

REPULSIVE FORCES DOMINANT
(high surface charge; thicker double layer;
steric forces)

WEAK REPULSIVE FORCES IN LIQUID
RESULTING IN AGGLOMERATION

(low surface charge; thinner double layer;

no steric forces)

Important Parameters: Primary Particle Size (nm); Hydrodynamic Diameter (nm); Zeta\
Potential (mV, measure of surface charge); Double Layer Thickness (nm); Steric Forces /
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These molecules prevent the particles from forming attractive van der
Waals interactions (Ortega-Vinuesa et al., 1996). Many paints are sta-
bilized using this type of surface modification. As changing the attrac-
tive van der Waals forces is not trivial, controlling the repulsive
electrostatic and steric forces is key to create a stable suspension.

Electric stabilisation is realized by the electrostatic repulsion of
similarly charged colloidal particles. Particles with very high surface
charge (zeta-potential) can cause a coulombic repulsion that is sufficient
to ensure dispersion stability (Mo et al., 2016). Important influencing
factors are the thickness of the electric double layer, the size of the
particle, the ionic strength of the solution and the surface charge (zeta
potential) (See Fig. 1A) (Jiang et al). With a thicker double layer the
repulsive forces are more dominant, allowing a good dispersion of the
particles. With a thinner double layer on the other hand, the repulsive
forces are weaker, potentially leading to agglomeration of particles. This
charge stabilisation can be broken by increasing the ionic strength of the
dispersion (e.g. add salt or changing pH). The charges become shielded
and repulsion breaks down to form agglomerates. The effect of the ionic
strength of aqueous solutions on agglomeration has been demonstrated
in the literature. Agglomeration in solutions with higher ionic strength
can be explained by shielding of the electrostatic repulsion (Moore et al.,
2015). This has been clearly demonstrated by Hildebrandt and Thiine-
mann, who presented a method to prepare an aqueous dispersion of
~180 nm polypropylene by using a mechanical disperser (Hildebrandt
and Thiinemann, 2023). However, in the presence of sodium chloride
(NaCl), agglomerates of hundreds of nanometres are formed within 60
min. Similarly, agglomeration of polystyrene microplastics with
increased concentrations of various salts has been observed by Shuocong
Lietal. (2018) (See Fig. 1B). Additionally, Shams et al. investigated the
aggregation of polystyrene and polyethylene nanoscale particles (Shams
et al., 2020). Their results show that aqueous suspensions of poly-
ethylene nanospheres were more readily destabilised than polystyrene
in the presence of salts. This effect should be considered when adding or
transferring a microplastic suspension to a cell medium containing salts.
However, as agglomeration also depends on the concentration, when
low concentrations are used for toxicity studies that use cell medium, the
effect may be less significant (Parker, 2023).

The surface charge (or zeta potential) may also give an indication of
which MNP/liquid combinations are promising. Commonly used in
colloidal sciences, a zeta potential with a magnitude of 30 mV (negative

200 1

0.10mM NaCl
0.50mM NaCl
1.00mM NaCl
5.00mM NaCl
10.0mM NaCl
15.0mM NaCl
25.0mM NaCl * 3Kk
*  50.0mM NaCl ok ?

seomPpPae

160

Hydrodynamic Diameter, D, (um)

Time (min)

Fig. 1. A) Schematic depiction of particles and agglomerates and the forces that govern this (Reproduced from Ref. (Moore et al., 2015) with permission from the
Royal Society of Chemistry); and B) the effect of ionic strength on particle agglomeration (Reproduced from Ref. (Li et al., 2018) with permission from Elsevier).



D. van Uunen et al.

or positive) or higher is expected to indicate fair stability, while a zeta
potential of £60 mV or greater yields excellent stability (Freitas and
Miiller, 1998; Kovacevic et al., 2011; Shah et al., 2014). The surface
charge, and therefore the zeta potential, of a microplastic particle de-
pends on the liquid that the particle is submerged in. Unfortunately,
limited sources are available that report the zeta potential of micro-
plastics in different liquids or describe the agglomeration of plastic
particles for various liquids. It would therefore be interesting to compare
the zeta potential of MNPs in promising liquids like propanol, glycerol
and ethylene glycol.

With the Hansen Solubility Parameters and zeta potential, we have
ways of predicting both chemical (dissolution) and physical (agglom-
eration) stability, respectively. By plotting these against each other for
different combinations of plastic and liquid, it may be possible to predict
which combinations offer the best suspensions for MNP test materials. In
Fig. 2, we demonstrate how such a Hansen-Zeta plot would look. By
plotting the absolute zeta potential (|¢|) on the (logarithmic) y-axis and
the Relative Energy Difference (RED) calculated by Hansen’s solubility
parameters on the (logarithmic) x-axis, with the axes crossing at RED =
1 and |¢| = 10, we form a plot with four distinct regions. The general rule
of the plot is that the further right a suspension is, the more chemically
stable it is, whilst the higher up on the plot it is, the more physically
stable it is. In the bottom left (red), RED=<1 and |¢{|=<10, therefore
suspensions would show both agglomeration and dissolution behaviour
and therefore be completely unsuitable for test materials. In the bottom
right and top left (yellow), suspensions will either show agglomeration
or dissolution, however showing just one of the behaviours still makes
the suspension unsuitable for test materials. Finally, the top right region
(green), shows suspensions with RED = >1 and |{|=>10 mV. These
suspensions should be both chemically and physically stable, with sus-
pensions further to the right and higher being the most stable and thus
most suitable.

To demonstrate the use of such a plot, we have tested six different
microplastic suspensions (PET, PS and PP in both 1-propanol and water)
for both zeta potential and physical stability. Experimental details of
suspension preparation, static light scattering and zeta potential mea-
surements are available in the Supporting Information. In 1-propanol,
all plastics are chemically compatible. PS and PET both have a [{|>
30 mV, whilst PP has a |¢| = 10.5 mV, therefore all suspensions are in the
upper-right (green) region. As mentioned previously, in colloidal sci-
ences a [¢| >30 mV shows good stability, whilst |{| >60 mV shows
phenomenal stability against agglomeration. This is also reflected in
static light scattering (SLS) to determine particle size distribution
(Fig. S1 in the Supporting Information). PS and PET show a singular
peak ~25 pm, whereas PP, prepared in the same way, shows a small
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Fig. 2. Hansen-Zeta Plot demonstrating four possible interaction regimes:
insoluble-non-agglomerated (green), insoluble-agglomerated and soluble-non-
agglomerated (yellow) and soluble-agglomerated (red). Six plastic suspen-
sions are plotted to illustrate use of the plot. PP (black), PET (grey) and PS
(orange) in 1-propanol (closed circles) and water (open circles). (For inter-
pretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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second peak ~200-300 pm that likely represents agglomerates. Upon
exchange into water, all suspensions move further to the right and down.
This suggests that while chemical stability is enhanced in water, physical
stability is reduced and the risk of agglomeration increases. For PP this
also results in the suspension moving into the bottom-right segment of
the diagram, indicating the insoluble-agglomerated regime. This is re-
flected in the particle size distributions (PSD) of the suspensions. For PS
and PET the PSD is almost identical in both water and 1-propanol,
however for PP the distribution shifts noticeably towards larger parti-
cle sizes. The peak ca. 200-300 pm also grows considerably in water,
suggesting large-scale formation of large agglomerates. PET also ex-
hibits a second peak around 300-400 pm when dispersed in water that
may indicate agglomeration, however this is much smaller (<1%).

3.1. Surfactants

Both the zeta potential and steric forces may be influenced by adding
dispersants. One class of dispersant that can alter the zeta potential and/
or increase the steric repulsion of MNPs are the so-called surface active-
agents (surfactants) (Guo et al., 2018), (Kowalczyk and Kaminska,
2020). These generally consist of a hydrophilic “head” and hydrophobic
“tail” allowing them to interact at the interface of two substances. Sur-
factants are used to stabilise a wide variety of systems, including coat-
ings, paints (Hellgren et al., 1999), colloidal nanoparticles
(Gonzalez-Rubio et al., 2020), mesoporous material templates (Holm-
berg, 2004) and emulsions (Kalaitzaki et al., 2014), (Wu et al., 2020).
Surfactants can stabilise particles through two pathways: electrostatic
stabilisation and steric stabilisation.

Electrostatic stabilisation is achieved when a charged surfactant is
attached to the surface of a particle, increasing the surface charge and
thus the repulsive electrostatic forces. This is commonly used for the
dispersion of pigments in paints (Hellgren et al., 1999). Dastbaz et al.
prepared PS microplastics through phase inversion and investigated the
effect of surfactant and co-surfactants on stability. By using a sodium
dodecyl sulphate (SDS) surfactant they achieved a stable aqueous
nanoplastic suspension (Dastbaz et al., 2021). Jodar-Reyes et al. also
showed that PS beads can be stabilized electrostatically using sodium
dodecylbenzenesulfonate (NaDBS) and domiphen bromide (DB, a qua-
ternary ammonium compound), however at very high surfactant con-
centration the system becomes less stable (Jodar-Reyes et al., 2006).
One of the disadvantages of electrostatic stabilisation is that it is mostly
limited to aqueous systems due to the high dielectric constant of water.
In other liquids with a lower dielectric constant the electric double layer
will be much thinner.

Steric stabilisation occurs through the use of long-chain non-charged
surfactants. These are bound to the particle surface and the highly sol-
vated long chains that protrude from the surface induce steric hindrance
between particles. Many common surfactants, such as Triton X-100 (2-
[4-(2,4,4-trimethylpentan-2-yl)phenoxy]ethanol) and Tween-80 (poly-
sorbate-80), work through steric stabilisation (Li et al., 2016), (Zhang
et al., 2013). Structures of common surfactants are presented in Fig. S2
in the Supplementary Information. 3-(trimethoxysilyl)propyl methac-
rylate (TPM) is a non-charged surfactant that has been demonstrated to
stabilise PMMA-CS/ZnO composite nanoparticles through the steric
pathway (Petchthanasombat et al., 2012). Many surfactants act through
both pathways, so-called electrosteric stabilisation, with an example
being polyethyleneimine (PEI) which has been used by Inphonlek et al.
to stabilise PMMA/CS nanocomposites. PEI is both cationic and has a
long branching structure leading to stabilisation through both electro-
static and steric pathways (Inphonlek et al., 2010).

3.2. Surfactant toxicity
While surfactants can potentially be used to improve the stability of

microplastic suspensions, their effect on toxicity studies should be
considered. Environmental hazards of the chemically synthesized
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surfactants have been studied extensively since they are highly present
in aquatic environments and are poorly degradable. Other commonly
used surfactants seem to induce chronic and sublethal toxicity to aquatic
organisms or have cytotoxic effects in concentrations higher than 0.1
mg/L (Lewis, 1991), (Rebello et al., 2014). These side effects reported in
aquatic environments should also be considered as potential hazards for
the in vitro exposures in a laboratory setting. The toxicity of commonly
used surfactants is shown in Table 4. Detergents like SDS and Triton
X-100 can induce disorder in the bilayer of cells and can cause lysis in
high concentrations (Inacio et al., 2011), (Arechabala et al., 1999). The
potential toxicity of the surfactants could change based on the cell type
used (non-polarized vs polarized cells) while the toxic effect seems to be
dependent on the polar head of the surfactant, with the cationic ones
being the most toxic (Inacio et al., 2011).

Besides the potential effects of surfactants themselves, the alteration
to the surface properties by the surfactants might pose a problem. The
results of Ramsperger et al. and Musyanovych et al. indicated that the
surface properties of polystyrene microplastic particles can have an ef-
fect on the particle cell interactions and the uptake of particles (Ram-
sperger et al., 2022), (Musyanovych et al., 2011). In a study by Hillery
et al. it was also proven that poloxamer surfactants can convert the
hydrophobic surface of PS particles into a hydrophilic one, changing this
way the kinetic profile of the particles. In particular, the uptake of
poloxamer-PS particles seems to take place only in the large intestine
and in low percentages while uncoated PS particles could be taken up
throughout the gastrointestinal tract of rats and in higher rates (Hillery
and Florence, 1996). Additionally, Voigt et al. found that the presence of
non-ionic surfactants improves the passage of nanoparticles through the
blood-brain barrier, while anionic surfactants on the other hand prevent
it (Voigt et al., 2014). In a case study on Daphnia magna, some types of
microplastic resulted in a higher mortality and mortality rate when
surfactant was added. It has to be noted that the surfactant (Triton
X-100, 0.001% v/v) itself also increased the rates (Renzi et al., 2019).
This alteration could affect what is considered the “targeted organ of
concern” and give false data on the kinetics of the particles in a realistic
exposure scenario.

3.3. Biosurfactants and the eco-corona

Biosurfactants are amphiphilic substances with surface active prop-
erties that are produced or inspired by micro-organisms (yeast, fungi or
bacteria) (Sockett et al., 2022), (Kumar Duddu et al., 2015). Four major
classes of biosurfactants are: (1) glycolipids, (2) phospholipids and fatty
acids, (3) lipopeptide/lipoproteins, (4) polymeric surfactants (Patel and
Kharawala, 2022). These biosurfactants are currently of interest for
applications where biocompatibility or customization is required such as
drug delivery systems (Kalaitzaki et al., 2014). In addition, their low
cytotoxicity on mammalian cells could expand their applications. In the
study of Voulgaridou et al. two biosurfactants tested on keratinocytes
and hepatocytes appear to be safe at concentrations up to 0.25 mg/ml.
On the contrary, traditional surfactants induced cytotoxicity at much

Table 4
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lower concentrations (0.002 mg/ml) under similar exposure conditions
(Voulgaridou et al., 2021). These findings suggest that biosurfactants
could potentially be a more suitable alternative for the creation of stable
MNP suspensions to be used in toxicological studies. One example of
natural compounds with surface activity are steviol glycosides such as
stevioside. These have been used by Wan et al. in combination with soy
protein isolate to stabilise resveratrol nanosuspensions (Wan et al.,
2016). Biosurfactants could also be utilised to stabilise microplastic
suspensions. Balakrishnan et al. prepared PE particles of 200-800 nm
using an emulsion of toluene in water with biosurfactant from fresh-
water algae that were stable in aqueous solution for at least 3 months
(Balakrishnan et al., 2019). Hazra et al. used rhamnolipids, surfactin and
trehalose lipids of microbial origin to synthesize core-shell
nPMMA-biosurfactant nanoparticles (Hazra et al., 2014). Microbial
surfactants seem more applicable for creating MNP suspensions used in
research since they are more ecologically compatible, and stable at
several temperatures, pH, and salinities, thus promoting their use in
various biological systems and conditions (Abbot et al., 2022).

Under realistic environmental conditions MNPs can act as absorbants
or vectors for several impurities and contaminants such as salts, heavy
metals, DNA, proteins, carbohydrates and degradation products like
humic acid (Liu et al., 2022a). This layer of bound matter on the surface
of MNPs is called an eco-corona. Much like with surfactants, the
eco-corona may affect the surface properties of microplastic particles,
which in turn may influence their aggregation, mobility, settling,
cellular internalisation and environmental toxicity. Witzmann et al.
performed direct force measurements on polystyrene particles with and
without an eco-corona and detected repulsive forces when an
eco-corona was present (Witzmann et al). An (artificial) eco-corona of
extracellular polymeric substances around polystyrene nanoplastics
resulted in a lower toxic effect in terms of oxidative stress (Natarajan
et al., 2020). On the other hand, aggregation on the inner surface of the
intestines of zebrafish as a consequence of bovine serum albumin (BSA)
on the surface of polystyrene caused reduced food intake (Luo et al.,
2022). The eco-corona effect seems to be strongly correlated with other
properties of the MNPs such as size, shape, and origin (Liu et al., 2022).
For instance, in a study performed by Liu et al. the presence of humic
acid in PS suspensions of 0.1 and 0.25 pm reduced the toxicity of the
particles on algae cultures while the same concentration of humic acid in
suspensions of 1 and 2 pm of PS did not alter the observed effects (Liu
et al.,, 2020). It is interesting to note the effect of an eco-corona on
suspension stability. The effect of humic acid and salinity was investi-
gated by J. Wu (Wu et al., 2019) and an interactive effect was found,
where the stability of negatively charged polystyrene in the presence of
NaCl was improved. This was, however, not the case for positively
charged polystyrene-NH,. Following the same trend, Li et al. observed
increased stability of polystyrene nanoparticles in the presence of
(higher concentrations of) BSA for negatively charged polystyrene
(PS-bare and PS-COOH) but adverse effects for positively charged par-
ticles (PS-NHy) (Li et al., 2021). This may suggest that the use of bio-
surfactants will not only promote better dispersion, but may also

Cytotoxicity of surfactants on multiple cell lines. Recommended final concentrations taken as those that have similar response to the control groups in the referenced

literature. For surfactants with n/a not enough data could be found.

Surfactant Cell type IC50/EC50" Exposure Source Recommended final
time concentration
Tween 80 Human fibroblasts 210 pg/ml 4h Arechabala et al., 1999 n/a
Triton X-100 Human fibroblasts, Caco-2, 34 pg/ml 4hand24h  Arechabalaetal., 1999, Inacio ~ 10-3 g/L
Hela, FSDC 3.87*102 M et al., 2011
Texapon N40 Human fibroblasts 290 pg/ml 4h Arechabala et al., 1999 n/a
Benzethonium chloride Human fibroblasts 8 pg/ml 4h Arechabala et al., 1999 10 g/L-1072 g/L
Sodium dodecyl sulphate (SDS) Caco-2, Hela, FSDC 3,28 * 1072 24h Inécio et al., 2011 0.1 mol/L
M
N-dodecyl-N,N-dimethylammonium- Caco-2, Hela, FSDC 7%1072M 24h Inacio et al., 2011 <1l.2M

propanesulfonate (DDPS)
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increase the environmental relevance of test materials. However, it
should be noted that all of these studies used polystyrene spheres which
may not be representative of MNPs found in the environment. Other
challenges include the role of organism interaction in eco-corona for-
mation (Mao et al., 2016) and, if aiming to produce standardised test
materials, how a standardised eco-corona can be achieved.

The benefit of more environmental relevance and fewer chances for
acute toxicity when using bio-surfactants should not take our attention
away from their disadvantages. While synthetic surfactants have a well-
characterized structure and properties this information may lack for the
biosurfactants. The various and complex characteristics of the organic
matter existing in nature cannot be solely represented by the properties
of the natural organic matter (NOM) currently used in toxicological
studies (Handy et al., 2012). Literature regarding the toxicity of
bio-surfactants is scarce and the environmental hazards deriving from
their use remain to be clarified. A study from Edwards et al. where the
toxicity of bio and synthetic surfactants on aquatic species was studied
showed an intermediate toxicity of biosurfactants without this being
consistent (Edwards et al., 2003). So it seems that the toxic effects in this
case are compound-specific and cannot be generalized among other
compounds of the same category. Apart from their potential immediate
toxicity, we should take into consideration their biologically active na-
ture. Most biosurfactants are naturally anti-microbial agents, are proven
to reduce the toxicity of engineered nanomaterials, and control the
bioavailability of compounds to aquatic organisms (Handy et al., 2012),
(Vecino et al., 2017). These properties could affect the toxic profile of
the test compound dissolved in a solution containing biosurfactants and
result in false positive or negative results.

4. Other methods

Finally, it is worth mentioning some alternative routes to stabilise
test materials that have been investigated. These often do not utilise
surfactants and some do not even utilise liquids. Methyl cellulose and
related compounds, such as hydroxypropyl-methylcellulose (a propyl-
ene glycol ether of methylcellulose), have been studied for their po-
tential applications in drug formulations. These compounds can serve as
additives to inhibit crystallization (Raghavan et al., 2003), potentially
enhance solubility (Mitchell et al., 2003), (Kiortsis et al., 2004), or
provide better control over drug delivery/release (Tundisi et al., 2021),
(Siepmann and Peppas, 2012). Hydroxypropyl methyl cellulose is
mentioned as a stabilizer in seeded dispersion polymerisation with
polystyrene seeds (Shahsavari et al., 2015), and for carbon nanotubes
for cement composites (Du and Chen). However, limited literature exists
on the use of methyl cellulose specifically for microplastic stabilisation.
Interestingly, a paper by S.L. Raghavan et al. discusses how the addition
of anionic carboxymethyl cellulose (CMC) reduces the interaction be-
tween polystyrene latex particles (which are negatively charged) and
yeast cells, similarly to the surface effects described in the surfactant
section (Yumiyama et al., 2018).

A number of studies have investigated stabilisation using carbohy-
drates. Miiller et al. used a sucrose solution with a calculated density of
1.3 g/ml to stabilise a microplastic stock solution for at least 1 min, such
that the microplastic particles remained suspended during transfer to
subsequent flasks (Miiller et al). Starch nanoparticles can be used to
stabilise graphene sheets with low oxygen content as shown by Zhao
et al. (2021). No papers were found applying starch as dispersant for
microplastics, however, a paper by Onyianta et al. shows the use of
cellulose nanocrystals in a similar fashion to formulate a stable disper-
sion of polypropylene (see Fig. 3) (Onyianta et al., 2022). It should
however be noted that cellulose is considered a potential control sub-
stance for MNP effect studies.

Another way to store microplastic test material is the solid phase. De
Vries et al. suggest that rapid freezing followed by freeze-drying reduces
the amount of agglomeration for proteins (De Vries et al., 2017). Seghers
et al. have proposed a similar method to reduce agglomeration in
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Fig. 3. Schematic representation of the adsorption process of cellulose nano-
crystals onto PP microparticles. Reproduced from Ref. (Onyianta et al., 2022)
licensed under CC BY 4.0.

microplastics (Seghers et al., 2022). PET microparticles were created
with cryo-milling and after sieving the particles were suspended in a
29.5% (w/v) NaCl solution with a low concentration of surfactant. The
suspension was then freeze-dried to obtain a dry cake. While this
strategy can be applied to microplastics, work by Tian et al. indicates
that degradation of the microplastics is increased during freezing which
they ascribe to the formation of singlet oxygen (105) between ice crystals
accelerating oxidation of the plastic (Tian et al., 2022). It is worth noting
that while these methods are useful to avoid agglomeration during
storage, health effect experiments carried out aqueous media may still
lead to agglomeration after suspension of dry-stored particles.

5. Conclusions

The aim of this review is to provide an overview of liquids and dis-
persants that could be used for toxicity evaluations of micro- and
nanoplastic test materials with a defined size distribution. In the liquid
section, we have seen that based on chemical compatibility charts as
well as Hansen solubility parameter calculations, water and glycerol are
expected to be the best dispersing liquids for most of the common
plastics. Short chain alcohols such as ethanol and propanol also show
reasonable compatibility with many plastics. PC, PMMA and PA exhibit
the least chemical compatibility due to their polar nature, for these
water is still an option but many other liquids such as alcohols are not.
PA shows better compatibility with apolar solvents such as alkanes than
the other plastics.

Most plastics however tend to agglomerate in water, especially in the
presence of ions. This is a challenge for toxicity testing as it results in
larger particles with a broader size distribution making it harder to draw
concrete conclusions about the relationship between particle size and
effect. Studies on the dispersion and agglomeration of MNPs in glycerol
are limited, however, the higher viscosity of glycerol can potentially
improve the dispersion compared to water (Vashisth et al., 2022). Whilst
there is no “one-size-fits-all” solution for suspending MNPs, by utilising a
combination of zeta potential and the Hansen solubility parameters we
have shown that suitable plastic-liquid combinations can be chosen
which are stable both chemically and physically. The toxicological
considerations when choosing a suspension liquid should not be over-
looked. We have identified that the critical exposure concentration is
both readout and cell line dependent, a challenge and consideration that
should be take into account when selecting and preparing testing
materials.

Additionally, dispersants could be used in conjunction with liquids to
decrease the amount of agglomeration. There are many different dis-
persants to choose from, including surfactants (ionic, anionic and non-
ionic), biosurfactants and eco-corona related molecules such as humic
acid and bovine serum albumin. However, we have also shown that use
of such dispersants can have a large effect on the toxicity and
bioavailability of test materials.

Methods have also been investigated to create stable suspensions by
ultrasonication, phase inversion or without additives. Alternatively,
freeze-drying (with and without NaCl) has been proposed as a method to
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create a dry powder where less agglomeration occurs than other drying
methods.

Most of the stabilising approaches investigated rely on changing the
surface properties of the microplastic particles, as those will determine
the extent of agglomeration. This poses a new question that needs to be
answered: What do we want to measure? Toxicity of microplastics is
complex and multiple modes of action might be at play. If a response to
MNPs of various sizes is to be measured a defined distribution is desired,
but adding dispersants to prevent large changes to the distribution can
also change the surface properties of the microplastic particles and in
turn affect the response. If, however, we want to relate the potentially
harmful effects to real world situations, a test material with an (artifi-
cial) eco-corona might be the solution as this serves to both stabilise the
particles and make their surface more environmentally relevant. Future
work focussed on understanding how to make particles simultaneously
more stable and more environmentally relevant would be very valuable,
as well as understanding the most important source of toxicity in such
systems — in this review we have shown how this could be down to
liquid, plastic, eco-corona or leachate compounds, among others.
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Definitions

Agglomeration — The reversible clumping of particles caused by
physical forces.

Biosurfactant — A surface active agent derived from natural sources
such as algae.

Colloid (colloidal particles) — Dispersion of microscopic insoluble
particles in a liquid.

Coulombic repulsion — see Electrostatic forces.

Dispersant — A substance added to the suspension to improve sepa-
ration of particles and stabilise against agglomeration.

Eco-corona — The surface coating of proteins and adsorbed chemicals
that can form when particles are exposed to natural environments.

Electric double layer — Parallel layers of charge that occur at an
interface (in the context of this review solid-liquid) consisting of a
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surface charge layer of ions and a second screening layer that is attracted
to the charge of the first layer.

Electrostatic forces — attractive and repulsive forces between charged
molecules.

In vitro - Studies performed using biological material (e.g. cells,
bacteria etc) that have been isolated from their original biological
environment and are now grown in a laboratory.

Solubility — The dissolution of a solid material into liquid solvent.

Steric forces — Repulsive forces caused by overlapping electron
clouds.

Surfactant — Surface active agent, an amphiphilic substance that acts
at the interface of solid and liquid. The most common type of dispersant.

Van der Waals forces — weak, distance dependent intermolecular
interactions.

Note: the term liquid is consciously used instead of solvent
throughout as it is a requirement that the liquid-phase does not dissolve
the test particles.
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List of Abbreviations

2-HEEA N-(2-Hydroxyethyl)ethylenediamine

ABS Acrylonitrile Butadiene Styrene Copolymer

BSA Bovine Serum Albumin

Caco-2 Epithelial cells isolated from colon carcinoma

DB Domiphen Bromide

DDPS N-dodecyl-N,N-dimethylammonium-propanesulfonate
DEG Diethylene Glycol

DGA Diglycolic Acid

DMSO Dimethyl Sulfoxide
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(continued)
FSDC Murine dendritic cell line
H929 B lymphocytes
HCT-116 Human colorectal carcinoma cell line
HDPE High Density Polyethylene
Hela Epithelia cell line derived from adenocarcinoma of the uterus
HeoG2 Human liver cancer cell line
HL-60 Promyeoloblasts isolated from the peripheral blood
HSP Hanson Solubility Parameters
K562 Lymphoblast human cells
KB cells Epithelial cell line
LDPE Low Density Polyethylene
MCF-7 Hman breast cancer cell line
MDA-MB-231 Human breast cancer cell line
MNPs Micro- and Nanoplastics
NaDBS Sodium dodecylbezene sulphonate
NHBE Human bronchial epithelial cells
PA Polyamide
PC Polycarbonate
PEI polyethyleneimine
PET Polyethylene Terephthalate
PMMA Poly (Methyl Methacrylate)
PP Polypropylene
PS Polystyrene
PSD Particle Size Distribution
PVC Polyvinyl Chloride
RED Relative energy difference
SAECs Human small airway epithelial cells
SDS Sodium Dodecyl Sulphate
SH-SY5Y Human neuroblastoma cell line
SLS Static Light Scattering
TPM 3-(trimethoxysilyl)propyl methacrylate

References

Abbot, V., Paliwal, D., Sharma, A., Sharma, P., 2022. A review on the physicochemical
and biological applications of biosurfactants in biotechnology and pharmaceuticals.
Heliyon 8 (8), €10149. https://doi.org/10.1016/j.heliyon.2022.e10149.

Andrady, A.L., et al., 2022. Oxidation and fragmentation of plastics in a changing
environment; from UV-radiation to biological degradation. Sci. Total Environ. 851
(May), 158022 https://doi.org/10.1016/j.scitotenv.2022.15802.2.

Arechabala, B., Coiffard, C., Rivalland, P., Coiffard, L.J.M., De Roeck-Holtzhauer, Y.,
1999. Comparison of cytotoxicity of various surfactants tested on normal human
fibroblast cultures using the neutral red test, MTT assay and LDH release. J. Appl.
Toxicol. 19 (3), 163-165. https://doi.org/10.1002/(SIC1)1099-1263(199905/06)19:
3<163::AID-JAT561>3.0.CO;2-H.

Balakrishnan, G., Déniel, M., Nicolai, T., Chassenieux, C., Lagarde, F., 2019.
Environmental Science Nano PAPER towards more realistic reference microplastics
and nanoplastics: preparation of polyethylene micro/nanoparticles with a
biosurfactant. Cite this Environ. Sci. Nano 6, 315. https://doi.org/10.1039/
c8en01005f.

Bel-Art, “Chemical Resistance Chart for Plastic Labware.” https://www.belart.com/co
rporateintl/Resources/ChemicalResistanceChartforPlasticLabware.pdf (accessed
February. 22, 2023).

Bosker, T., Olthof, G., Vijver, M.G., Baas, J., Barmentlo, S.H., 2019. Significant decline of
Daphnia magna population biomass due to microplastic exposure. Environ. Pollut.
250, 669-675. https://doi.org/10.1016/j.envpol.2019.04.067.

Boucher, J., Friot, D., 2017. Primary Microplastics in the Oceans: A Global Evaluation of
Sources.

Bouwmeester, H., Hollman, P.C.H., Peters, R.J.B., 2015. Potential health impact of
environmentally released micro- and nanoplastics in the human food production
chain: experiences from nanotoxicology. Environ. Sci. Technol. 49 (15), 8932-8947.
https://doi.org/10.1021/acs.est.5b01090.

Brachner, A., et al., 2020. Assessment of human health risks posed by nano-and
microplastics is currently not feasible. Int. J. Environ. Res. Publ. Health 17 (23),
1-10. https://doi.org/10.3390/ijerph17238832.

Burns, E.E., Boxall, A.B.A., 2018. Microplastics in the aquatic environment: evidence for
or against adverse impacts and major knowledge gaps. Environ. Toxicol. Chem. 37
(11), 2776-2796. https://doi.org/10.1002/ETC.4268.

Cai, Y., Yang, T., Mitrano, D.M., Heuberger, M., Hufenus, R., Nowack, B., 2020.
Systematic study of microplastic fiber release from 12 different polyester textiles
during washing. Environ. Sci. Technol. 54 (8), 4847-4855. https://doi.org/10.1021/
acs.est.9b07395.

Castro-Castellon, A.T., et al., 2022. Ecotoxicity of microplastics to freshwater biota:
considering exposure and hazard across trophic levels. Sci. Total Environ. 816,
151638 https://doi.org/10.1016/j.scitotenv.2021.151638.

CDF Corporation. Polyethylene chemical resistance chart. https://www.cdfl.com/tech
nicalbulletins/Polyethylene Chemical Resistance_Chart.pdf. (Accessed 22 February
2023).

10

Curbell Plastics, “Chemical Resistance Chart of Plastics.”www.curbellplastics.com
(accessed February. 22, 2023).

Danopoulos, E., Jenner, L.C., Twiddy, M., Rotchell, J.M., 2020. Microplastic
Contamination of Seafood Intended for Human Consumption : A Microplastic
Contamination of Seafood Intended for Human Consumption : A Systematic Review
and Meta-Analysis (December). https://doi.org/10.1289/EHP7171.

Dastbaz, Z., Dana, S.N., Ashrafizadeh, S.N., 2021. Preparation of a stabilized aqueous
polystyrene suspension via phase inversion. RSC Adv. 11 (29), 17547-17557.
https://doi.org/10.1039/D1RA02292J.

De Vries, A., Lopez Gomez, Y., Jansen, B., Van Der Linden, E., Scholten, E., 2017.
Controlling Agglomeration of Protein Aggregates for Structure Formation in Liquid
Oil: A Sticky Business. https://doi.org/10.1021/acsami.7b00443.

Diaz de los Rios, M., Herndndez Ramos, E., 2020. Determination of the Hansen solubility
parameters and the Hansen sphere radius with the aid of the solver add-in of
Microsoft Excel. SN Appl. Sci. 2 (4), 1-7. https://doi.org/10.1007/542452-020-
2512-y.

dominique Dutscher, “Chemical Resistance Guide for TPP resins.”www.dutscher.com
(accessed February. 22, 2023).

M. Du and S. J. Chen, “Methylcellulose Stabilized Multi-Walled Carbon Nanotubes
Dispersion for Sustainable Cement Composites Portland Cement-Carbon Nanotube
Nanocomposites View Project,”doi: 10.1016/j.conbuildmat.2017.04.029.

Dusza, H.M.,, et al., 2022. Uptake, transport, and toxicity of pristine and weathered
micro- and nanoplastics in human placenta cells. Environ. Health Perspect. 130 (9)
https://doi.org/10.1289/EHP10873.

Edwards, K.R., Lepo, J.E., Lewis, M.A., 2003. Toxicity comparison of biosurfactants and
synthetic surfactants used in oil spill remediation to two estuarine species. Mar.
Pollut. Bull. 46 (10), 1309-1316. https://doi.org/10.1016/50025-326X(03)00238-
8.

Eitzen, L., Paul, S., Braun, U., Altmann, K., Jekel, M., Ruhl, A.S., 2019. The challenge in
preparing particle suspensions for aquatic microplastic research. Environ. Res.
490-495. https://doi.org/10.1016/J.ENVRES.2018.09.008.

Equistar, “tech.topic.”https://media.enduraplas.com/wp-content/uploads/2018/01/1
4193454/Chemical-Resistance-of-Polyethylene.pdf (accessed February. 22, 2023).

Forman, S., Kas, J., Fini, F., Steinberg, M., Ruml, T., 1999. The effect of different solvents
on the ATP/ADP content and growth properties of HeLa cells. J. Biochem. Mol.
Toxicol. 13 (1), 11-15. https://doi.org/10.1002/(SICI)1099-0461(1999)13:1<11::
AID-JBT2>3.0.CO;2-R.

Freitas, C., Miiller, R.H., 1998. Effect of light and temperature on zeta potential and
physical stability in solid lipid nanoparticle (SLN™) dispersions. Int. J. Pharm. 168
(2), 221-229. https://doi.org/10.1016/50378-5173(98)00092-1.

Galvao, J., Davis, B., Tilley, M., Normando, E., Duchen, M.R., Cordeiro, M.F., 2014.
Unexpected low-dose toxicity of the universal solvent DMSO. Faseb. J. 28 (3),
1317-1330. https://doi.org/10.1096/1j.13-235440.

Gonzalez-Rubio, G., Scarabelli, L., Guerrero-Martinez, A., Liz-Marzan, L.M., 2020.
Surfactant-assisted symmetry breaking in colloidal gold nanocrystal growth.
ChemNanoMat 6 (5), 698-707. https://doi.org/10.1002/cnma.201900754.


https://doi.org/10.1016/j.heliyon.2022.e10149
https://doi.org/10.1016/j.scitotenv.2022.158022
https://doi.org/10.1002/(SICI)1099-1263(199905/06)19:3<163::AID-JAT561>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1099-1263(199905/06)19:3<163::AID-JAT561>3.0.CO;2-H
https://doi.org/10.1039/c8en01005f
https://doi.org/10.1039/c8en01005f
https://www.belart.com/corporateintl/Resources/ChemicalResistanceChartforPlasticLabware.pdf
https://www.belart.com/corporateintl/Resources/ChemicalResistanceChartforPlasticLabware.pdf
https://doi.org/10.1016/j.envpol.2019.04.067
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref7
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref7
https://doi.org/10.1021/acs.est.5b01090
https://doi.org/10.3390/ijerph17238832
https://doi.org/10.1002/ETC.4268
https://doi.org/10.1021/acs.est.9b07395
https://doi.org/10.1021/acs.est.9b07395
https://doi.org/10.1016/j.scitotenv.2021.151638
https://www.cdf1.com/technicalbulletins/Polyethylene_Chemical_Resistance_Chart.pdf
https://www.cdf1.com/technicalbulletins/Polyethylene_Chemical_Resistance_Chart.pdf
http://www.curbellplastics.com
https://doi.org/10.1289/EHP7171
https://doi.org/10.1039/D1RA02292J
https://doi.org/10.1021/acsami.7b00443
https://doi.org/10.1007/s42452-020-2512-y
https://doi.org/10.1007/s42452-020-2512-y
http://www.dutscher.com
https://doi.org/10.1289/EHP10873
https://doi.org/10.1016/S0025-326X(03)00238-8
https://doi.org/10.1016/S0025-326X(03)00238-8
https://doi.org/10.1016/J.ENVRES.2018.09.008
https://media.enduraplas.com/wp-content/uploads/2018/01/14193454/Chemical-Resistance-of-Polyethylene.pdf
https://media.enduraplas.com/wp-content/uploads/2018/01/14193454/Chemical-Resistance-of-Polyethylene.pdf
https://doi.org/10.1002/(SICI)1099-0461(1999)13:1<11::AID-JBT2>3.0.CO;2-R
https://doi.org/10.1002/(SICI)1099-0461(1999)13:1<11::AID-JBT2>3.0.CO;2-R
https://doi.org/10.1016/S0378-5173(98)00092-1
https://doi.org/10.1096/fj.13-235440
https://doi.org/10.1002/cnma.201900754

D. van Uunen et al.

Gonzalez-Suarez, 1., et al., 2017. “ in vitro systems toxicology assessment of nonflavored
e-cigarette liquids in primary lung epithelial cells ,”. Appl. Vitr. Toxicol. 3 (1),
41-55. https://doi.org/10.1089/aivt.2016.0040.

Gouin, T., et al., 2019a. Toward the development and application of an environmental
risk assessment framework for microplastic. Environ. Toxicol. Chem. 38 (10),
2087-2100. https://doi.org/10.1002/ETC.4529.

Gouin, T., et al., 2019b. Toward the development and application of an environmental
risk assessment framework for microplastic. Environ. Toxicol. Chem. 38 (10),
2087-2100. https://doi.org/10.1002/etc.4529.

Graco, “Chemical Compatibility Guide.”https://www.graco.com/content/dam/graco/i
pd/literature/misc/chemical-compatibility-guide/Graco_ChemCompGuideEN-B.pdf
(accessed February. 22, 2023).

Gruber, E.S., et al., 2022. To waste or not to waste: questioning potential health risks of
micro- and nanoplastics with a focus on their ingestion and potential
carcinogenicity. Expo. Heal., 0123456789 https://doi.org/10.1007/512403-022-
00470-8.

Guo, Y., Zhao, Y., Wang, S., Jiang, C., Zhang, J., 2018. Relationship between the zeta
potential and the chemical agglomeration efficiency of fine particles in flue gas
during coal combustion. Fuel 215, 756-765. https://doi.org/10.1016/J.
FUEL.2017.11.005.

Handy, R.D., et al., 2012. Ecotoxicity test methods for engineered nanomaterials:
practical experiences and recommendations from the bench. Environ. Toxicol. Chem.
31 (1), 15-31. https://doi.org/10.1002/etc.706.

Hansen, C.M., 2000. Hansen Solubility Parameters A User’s Handbook.

Hansen, C.M., 2004. Aspects of solubility, surfaces and diffusion in polymers. Prog. Org.
Coating 51 (1), 55-66. https://doi.org/10.1016/j.porgcoat.2004.05.002.

Hansen, C.M., 2007. Hansen Solubility Parameters. CRC Press.

Hazra, C., Kundu, D., Chatterjee, A., Chaudhari, A., Mishra, S., 2014. Poly(methyl
methacrylate) (core)-biosurfactant (shell) nanoparticles: size controlled sub-100nm
synthesis, characterization, antibacterial activity, cytotoxicity and sustained drug
release behavior. Colloids Surfaces A Physicochem. Eng. Asp. 449 (1), 96-113.
https://doi.org/10.1016/J.COLSURFA.2014.02.051.

HCS-Lab. Chemical resistance of plastics. https://www.hcs-lab.com/wp-content/uploa
ds/2017/06/Plastic-Resistance-Chart.pdf. (Accessed 22 February 2023).

Hellgren, A.C., Weissenborn, P., Holmberg, K., 1999. Surfactants in water-borne paints.
Prog. Org. Coating 35 (1-4), 79-87. https://doi.org/10.1016/50300-9440(99)
00013-2.

Henry, T.B., Menn, F.-M., Fleming, J.T., Wilgus, J., Compton, R.N., Sayler, G.S., 2007.
Attributing effects of aqueous C 60 nano-aggregates to tetrahydrofuran
decomposition products in larval zebrafish by assessment of gene expression.
Environ. Health Perspect. 115 (7), 1059-1065. https://doi.org/10.1289/ehp.9757.

Hildebrandt, J., Thiinemann, A.F., 2023. Aqueous dispersions of polypropylene: toward
reference materials for characterizing nanoplastics. Macromol. Rapid Commun.
https://doi.org/10.1002/marc.202200874.

Hillery, A.M., Florence, A.T., 1996. The effect of adsorbed poloxamer 188 and 407
surfactants on the intestinal uptake of 60-nm polystyrene particles after oral
administration in the rat. Int. J. Pharm. 132 (1-2), 123-130. https://doi.org/
10.1016/0378-5173(95)04353-5.

Holmberg, K., 2004. Surfactant-templated nanomaterials synthesis. J. Colloid Interface
Sci. 274 (2), 355-364. https://doi.org/10.1016/J.JCIS.2004.04.006.

Horton, A.A., et al., 2020. Accumulation of polybrominated diphenyl ethers and
microbiome response in the great pond snail Lymnaea stagnalis with exposure to
nylon (polyamide) microplastics. Ecotoxicol. Environ. Saf. 188 (Jan) https://doi.
org/10.1016/j.ecoenv.2019.109882.

Indcio, A.S., Mesquita, K.A., Baptista, M., Ramalho-Santos, J., Vaz, W.L.C., Vieira, O.V.,
2011. In vitro surfactant structure-toxicity relationships: implications for surfactant
use in sexually transmitted infection prophylaxis and contraception. PLoS One 6 (5).
https://doi.org/10.1371/journal.pone.0019850.

B. L. Inc., “Common Solvents and Non-solvents of Polystyrene and PMMA. https://www.
bangslabs.com/common-solvents-and-non-solvents-polystyrene.

Inphonlek, S., Pimpha, N., Sunintaboon, P., 2010. Synthesis of poly(methyl
methacrylate) core/chitosan-mixed-polyethyleneimine shell nanoparticles and their
antibacterial property. Colloids Surf. B Biointerfaces 77 (2), 219-226. https://doi.
org/10.1016/J.COLSURFB.2010.01.029.

ISM, “Chemical Compatibility Chart.”https://marketing.industrialspec.com/acton/
attachment/30397/f-0004/1/-/-/-/-/chemical-compatibility-chart-from-ism.pdf.
ISM. Polypropylene chemical compatibility chart from ISM. https://www.industrialspec.
com/images/files/polypropylene-chemical-compatibility-chart-from-ism.pdf.

(Accessed 22 February 2023).

Jan Kole, P., et al., 2017. Wear and tear of tyres: a stealthy source of microplastics in the
environment. Int. J. Environ. Res. Publ. Health 14 (10), 1265. https://doi.org/
10.3390/ijerph14101265.

Janssens, V., 2022. Plastics — the Facts 2022 (October), 81.

J. Jiang, A. E. Giinter, O. Ae, and P. Biswas, “Characterization of Size, Surface Charge,
and Agglomeration State of Nanoparticle Dispersions for Toxicological Studies™ doi:
10.1007/5s11051-008-9446-4.

Jodar-Reyes, A.B., Martin-Rodriguez, A., Ortega-Vinuesa, J.L., 2006. Effect of the ionic
surfactant concentration on the stabilization/destabilization of polystyrene colloidal
particles. J. Colloid Interface Sci. 298 (1), 248-257. https://doi.org/10.1016/J.
JCIS.2005.12.035.

Kalaitzaki, A., Poulopoulou, M., Xenakis, A., Papadimitriou, V., 2014. Surfactant-rich
biocompatible microemulsions as effective carriers of methylxanthine drugs.
Colloids Surfaces A Physicochem. Eng. Asp. 442, 80-87. https://doi.org/10.1016/J.
COLSURFA.2013.05.055.

11

Environmental Pollution 356 (2024) 124306

Kannan, K., Vimalkumar, K., 2021. A review of human exposure to microplastics and
insights into microplastics as obesogens. Front. Endocrinol. 12 (August), 1-19.
https://doi.org/10.3389/fendo0.2021.724989.

Kiortsis, S., Kachrimanis, K., Broussali, T., Malamataris, S., 2004. Drug Release from
Tableted Wet Granulations Comprising Cellulosic (HPMC or HPC) and Hydrophobic
Component. https://doi.org/10.1016/j.ejpb.2004.05.004.

Koc, A., Karabay, A.Z., Ozkan, T., Buyukbingol, Z., Aktan, F., 2022. Time and
concentration dependent effects of different solvents on proliferation of K562, HL60,
HCT-116 and H929 cell lines. J. Res. Pharm 26 (3), 494-501. https://doi.org/
10.29228/jrp.146.

Komura, M., et al., 2022. Propylene glycol, a component of electronic cigarette liquid,
damages epithelial cells in human small airways. Respir. Res. 23 (1), 1-12. https://
doi.org/10.1186/512931-022-02142-2.

Kovacevic, A., Savic, S., Vuleta, G., Miiller, R.H., Keck, C.M., 2011. Pharmaceutical
Nanotechnology Polyhydroxy surfactants for the formulation of lipid nanoparticles
(SLN and NLQ): effects on size, physical stability and particle matrix structure. Int. J.
Pharm. 406, 163-172. https://doi.org/10.1016/j.ijpharm.2010.12.036.

Kowalczyk, D., Kaminska, I., 2020. Effect of pH and surfactants on the electrokinetic
properties of nanoparticles dispersions and their application to the PET fibres
modification. J. Mol. Liq. 320 (Dec) https://doi.org/10.1016/J.
MOLLIQ.2020.114426.

Kiihn, S., van Oyen, A., Booth, A.M., Meijboom, A., van Franeker, J.A., 2018. Marine
microplastic: preparation of relevant test materials for laboratory assessment of
ecosystem impacts. Chemosphere 213, 103-113. https://doi.org/10.1016/j.
chemosphere.2018.09.032.

Kumar Duddu, M., Lakshmi Tripura, K., Guntuku, G., Sree Divya, D., 2015.
Biodegradation of low density polyethylene (LDPE) by a new biosurfactant-
producing thermophilic Streptomyces coelicoflavus NBRC 15399T. Afr. J. Biotechnol.
14 (4), 327-340. https://doi.org/10.4314/ajb.v14i4.

Lahive, E., et al., 2022. Earthworms ingest microplastic fibres and nanoplastics with
effects on egestion rate and long-term retention. Sci. Total Environ. 807 (Feb)
https://doi.org/10.1016/j.scitotenv.2021.151022.

Leslie, H.A., van Velzen, M.J.M., Brandsma, S.H., Vethaak, A.D., Garcia-Vallejo, J.J.,
Lamoree, M.H., 2022. Discovery and quantification of plastic particle pollution in
human blood. Environ. Int. 163 (December 2021), 107199 https://doi.org/10.1016/
j-envint.2022.107199.

Lewis, M.A., 1991. Chronic and sublethal toxicities of surfactants to aquatic animals: a
review and risk assessment. Water Res. 25 (1), 101-113. https://doi.org/10.1016/
0043-1354(91)90105-Y.

Li, X., Qin, Y., Liu, C., Jiang, S., Xiong, L., Sun, Q., 2016. Size-controlled starch
nanoparticles prepared by self-assembly with different green surfactant: the effect of
electrostatic repulsion or steric hindrance. Food Chem. 199, 356-363. https://doi.
org/10.1016/J.FOODCHEM.2015.12.037.

Li, S., Liu, H., Gao, R., Abdurahman, A., Dai, J., Zeng, F., 2018. Aggregation kinetics of
microplastics in aquatic environment: complex roles of electrolytes, pH, and natural
organic matter. Environ. Pollut. 237, 126-132. https://doi.org/10.1016/J.
ENVPOL.2018.02.042.

Li, X., He, E., Jiang, K., Peijnenburg, W.J.G.M., Qiu, H., 2021. The crucial role of a
protein corona in determining the aggregation kinetics and colloidal stability of
polystyrene nanoplastics. Water Res. 190 (Feb) https://doi.org/10.1016/J.
WATRES.2020.116742.

Liu, G., Jiang, R., You, J., Muir, D.C.G., Zeng, E.Y., 2020. Microplastic impacts on
microalgae growth: effects of size and humic acid. Environ. Sci. Technol. 54 (3),
1782-1789. https://doi.org/10.1021/acs.est.9b06187.

Liu, S., Junaid, M., Liao, H., Liu, X., Wu, Y., Wang, J., 2022. Eco-corona formation and
associated ecotoxicological impacts of nanoplastics in the environment. Sci. Total
Environ. 836, 155703 https://doi.org/10.1016/J.SCITOTENV.2022.155703.

Luo, Y., et al., 2022a. Assessment of microplastics and nanoplastics released from a
chopping board using Raman imaging in combination with three algorithms.

J. Hazard Mater. 431, 128636 https://doi.org/10.1016/j.jhazmat.2022.128636.
Luo, H., Du, Q., Zhong, Z., Xu, Y., Peng, J., 2022b. Protein-coated microplastics corona
complex: an underestimated risk of microplastics. Sci. Total Environ. 851 (Dec)

https://doi.org/10.1016/J.SCITOTENV.2022.157948.

Mao, L., et al., 2016. Exposure of few layer graphene to Limnodrilus hoffmeisteri
modifies the graphene and changes its bioaccumulation by other organisms. Carbon
N. Y. 109, 566-574. https://doi.org/10.1016/j.carbon.2016.08.037.

Meiner, T., Potthoff, A., Richter, V., 2009. Suspension characterization as important key
for toxicological investigations. J. Phys. Conf. Ser. 170 https://doi.org/10.1088/
1742-6596,/170/1/012012.

Mitchell, S.A., Reynolds, T.D., Dasbach, T.P., 2003. A compaction process to enhance
dissolution of poorly water-soluble drugs using hydroxypropyl methylcellulose. Int.
J. Pharm. 250 (1), 3-11. https://doi.org/10.1016/50378-5173(02)00293-4.

Mo, S., Shao, X., Chen, Y., Cheng, Z., 2016. Increasing entropy for colloidal stabilization.
Sci. Rep. 6 (1), 36836 https://doi.org/10.1038/srep36836.

Mochida, K., Gomyoda, M., 1987. Toxicity of ethylene glycol, diethylene glycol, and
propylene glycol to human cells in culture. Bull. Environ. Contam. Toxicol. 38 (1),
151-153. https://doi.org/10.1007/BF01606573.

Moore, T.L., et al., 2015. Nanoparticle colloidal stability in cell culture media and impact
on cellular interactions. Chem. Soc. Rev. 44, 6287. https://doi.org/10.1039/
c4cs004871.

Y. K. Miiller et al., “Microplastic Analysis-Are We Measuring the Same? Results on the
First Global Comparative Study for Microplastic Analysis in a Water Sample,doi:
10.1007/500216-019-02311-1.

Musyanovych, A., Dausend, J., Dass, M., Walther, P., Maildnder, V., Landfester, K., 2011.
Criteria impacting the cellular uptake of nanoparticles: a study emphasizing polymer


https://doi.org/10.1089/aivt.2016.0040
https://doi.org/10.1002/ETC.4529
https://doi.org/10.1002/etc.4529
https://www.graco.com/content/dam/graco/ipd/literature/misc/chemical-compatibility-guide/Graco_ChemCompGuideEN-B.pdf
https://www.graco.com/content/dam/graco/ipd/literature/misc/chemical-compatibility-guide/Graco_ChemCompGuideEN-B.pdf
https://doi.org/10.1007/s12403-022-00470-8
https://doi.org/10.1007/s12403-022-00470-8
https://doi.org/10.1016/J.FUEL.2017.11.005
https://doi.org/10.1016/J.FUEL.2017.11.005
https://doi.org/10.1002/etc.706
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref36
https://doi.org/10.1016/j.porgcoat.2004.05.002
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref38
https://doi.org/10.1016/J.COLSURFA.2014.02.051
https://www.hcs-lab.com/wp-content/uploads/2017/06/Plastic-Resistance-Chart.pdf
https://www.hcs-lab.com/wp-content/uploads/2017/06/Plastic-Resistance-Chart.pdf
https://doi.org/10.1016/S0300-9440(99)00013-2
https://doi.org/10.1016/S0300-9440(99)00013-2
https://doi.org/10.1289/ehp.9757
https://doi.org/10.1002/marc.202200874
https://doi.org/10.1016/0378-5173(95)04353-5
https://doi.org/10.1016/0378-5173(95)04353-5
https://doi.org/10.1016/J.JCIS.2004.04.006
https://doi.org/10.1016/j.ecoenv.2019.109882
https://doi.org/10.1016/j.ecoenv.2019.109882
https://doi.org/10.1371/journal.pone.0019850
https://www.bangslabs.com/common-solvents-and-non-solvents-polystyrene
https://www.bangslabs.com/common-solvents-and-non-solvents-polystyrene
https://doi.org/10.1016/J.COLSURFB.2010.01.029
https://doi.org/10.1016/J.COLSURFB.2010.01.029
https://marketing.industrialspec.com/acton/attachment/30397/f-0004/1/-/-/-/-/chemical-compatibility-chart-from-ism.pdf
https://marketing.industrialspec.com/acton/attachment/30397/f-0004/1/-/-/-/-/chemical-compatibility-chart-from-ism.pdf
https://www.industrialspec.com/images/files/polypropylene-chemical-compatibility-chart-from-ism.pdf
https://www.industrialspec.com/images/files/polypropylene-chemical-compatibility-chart-from-ism.pdf
https://doi.org/10.3390/ijerph14101265
https://doi.org/10.3390/ijerph14101265
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref53
https://doi.org/10.1016/J.JCIS.2005.12.035
https://doi.org/10.1016/J.JCIS.2005.12.035
https://doi.org/10.1016/J.COLSURFA.2013.05.055
https://doi.org/10.1016/J.COLSURFA.2013.05.055
https://doi.org/10.3389/fendo.2021.724989
https://doi.org/10.1016/j.ejpb.2004.05.004
https://doi.org/10.29228/jrp.146
https://doi.org/10.29228/jrp.146
https://doi.org/10.1186/s12931-022-02142-2
https://doi.org/10.1186/s12931-022-02142-2
https://doi.org/10.1016/j.ijpharm.2010.12.036
https://doi.org/10.1016/J.MOLLIQ.2020.114426
https://doi.org/10.1016/J.MOLLIQ.2020.114426
https://doi.org/10.1016/j.chemosphere.2018.09.032
https://doi.org/10.1016/j.chemosphere.2018.09.032
https://doi.org/10.4314/ajb.v14i4
https://doi.org/10.1016/j.scitotenv.2021.151022
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/0043-1354(91)90105-Y
https://doi.org/10.1016/0043-1354(91)90105-Y
https://doi.org/10.1016/J.FOODCHEM.2015.12.037
https://doi.org/10.1016/J.FOODCHEM.2015.12.037
https://doi.org/10.1016/J.ENVPOL.2018.02.042
https://doi.org/10.1016/J.ENVPOL.2018.02.042
https://doi.org/10.1016/J.WATRES.2020.116742
https://doi.org/10.1016/J.WATRES.2020.116742
https://doi.org/10.1021/acs.est.9b06187
https://doi.org/10.1016/J.SCITOTENV.2022.155703
https://doi.org/10.1016/j.jhazmat.2022.128636
https://doi.org/10.1016/J.SCITOTENV.2022.157948
https://doi.org/10.1016/j.carbon.2016.08.037
https://doi.org/10.1088/1742-6596/170/1/012012
https://doi.org/10.1088/1742-6596/170/1/012012
https://doi.org/10.1016/S0378-5173(02)00293-4
https://doi.org/10.1038/srep36836
https://doi.org/10.1007/BF01606573
https://doi.org/10.1039/c4cs00487f
https://doi.org/10.1039/c4cs00487f

D. van Uunen et al.

type and surfactant effects. Acta Biomater. 7 (12), 4160-4168. https://doi.org/
10.1016/J.ACTBIO.2011.07.033.

Natarajan, L., et al., 2020. Eco-corona formation lessens the toxic effects of polystyrene
nanoplastics towards marine microalgae Chlorella sp. Environ. Res. 188 (Sep)
https://doi.org/10.1016/J.ENVRES.2020.109842.

National Polystyrene Systems, “Chemical Resistance Table. https://nationalpolystyrene.
com.au/wp-content/uploads/2020/11/Chemical-Resistance-Table.pdf (accessed
February. 22, 2023).

Nguyen, S.T., Nguyen, H.T.-L., Truong, K.D., 2020. Comparative cytotoxic effects of
methanol, ethanol and DMSO on human cancer cell lines. Biomed. Res. Ther. 7 (7),
3855-3859. https://doi.org/10.15419/bmrat.v7i7.614.

Ninham, B.W., Parsegian, V.A., 1970. van der Waals Forces: Special Characteristics in
Lipid-Water Systems and a General Method of Calculation Based on the Lifshitz
Theory. Biophys. J. 10 (7), 646-663. https://doi.org/10.1016/50006-3495(70)
86326-3.

Onyianta, A.J., Etale, A., Koev, T.T., Eloi, J.-C., Khimyak, Y.Z., Eichhorn, S.J., 2022.
Amphiphilic Cellulose Nanocrystals for Aqueous Processing of Thermoplastics.
https://doi.org/10.1021/acsapm.2c01623.

Ortega-Vinuesa, J.L., Martin-Rodriguez, A., Hidalgo-Alvarez, R., 1996. Colloidal stability
of polymer colloids with different interfacial properties: mechanisms. J. Colloid
Interface Sci. 184 (1), 259-267. https://doi.org/10.1006/JCIS.1996.0619.

Patel, S., Kharawala, K., 2022. Biosurfactants and their biodegradability: a review and
examination. Int. J. Eng. Adv. Technol. 11 (3), 4-11. https://doi.org/10.35940/
ijeat.B3319.0211322.

Paul, M.B,, et al., 2020. Micro- and nanoplastics-current state of knowledge with the
focus on oral uptake and toxicity. Nanoscale Adv. 2 (10), 4350-4367. https://doi.
0rg/10.1039/d0na0053%.

Parker, L.A., et al., 2023. Protocol for the production of micro-and nanoplastic test
materials Microplastics and. Nanoplastics 3 (10). https://doi.org/10.1186/543591-
023-00058-2.

PerkinElmer, “Chemical Compatibility Chart for Microplates.”https://www.perkinelmer.
co.jp/Portals/0/resource/products_ls/assays/pdf/007654_01_STL.pdf (accessed
February. 22, 2023).

Petchthanasombat, C., Tiensing, T., Sunintaboon, P., 2012. Synthesis of zinc oxide-
encapsulated poly(methyl methacrylate)-chitosan core-shell hybrid particles and
their electrochemical property. J. Colloid Interface Sci. 369 (1), 52-57. https://doi.
org/10.1016/J.JCIS.2011.12.001.

Petersen, E.J., et al., 2022. Potential artifacts and control experiments in toxicity tests of
nanoplastic and microplastic particles. Environ. Sci. Technol. 56 (22), 15192-15206.
https://doi.org/10.1021/acs.est.2c04929.

Pipestock, “PVC Chemical Compatibility.”https://www.pipestock.com/media/wysiw
yg/pve-chemical-compatibility.pdf (accessed February. 22, 2023).

Pironti, C., Notarstefano, V., Ricciardi, M., Motta, O., Giorgini, E., Montano, L., 2023.
First evidence of microplastics in human urine, a preliminary study of intake in the
human body. Toxics 11 (1), 1-9. https://doi.org/10.3390/toxics11010040.

Raghavan, S.L., Schuessel, K., Davis, A., Hadgraft, J., 2003. Formation and stabilisation
of triclosan colloidal suspensions using supersaturated systems. Int. J. Pharm. 261,
153-158. https://doi.org/10.1016/50378-5173(03)00299-0.

Ramsperger, A.F.R.M,, et al., 2022. Supposedly identical microplastic particles
substantially differ in their material properties influencing particle-cell interactions
and cellular responses. J. Hazard Mater. 425 (Mar) https://doi.org/10.1016/J.
JHAZMAT.2021.127961.

Rebello, S., Asok, A.K., Mundayoor, S., Jisha, M.S., 2014. Surfactants: toxicity,
remediation and green surfactants. Environ. Chem. Lett. 12 (2), 275-287. https://
doi.org/10.1007/s10311-014-0466-2.

Reed, K.J., Freeman, D.T., Landry, G.M., 2021. Diethylene glycol and its metabolites
induce cell death in SH-SY5Y neuronal cells in vitro. Toxicol. Vitro 75 (February
2020), 105196. https://doi.org/10.1016/j.tiv.2021.105196.

Renzi, M., Grazioli, E., Blaskovié, A., 2019. Effects of different microplastic types and
surfactant-microplastic mixtures under fasting and feeding conditions: a case study
on Daphnia magna. Bull. Environ. Contam. Toxicol. 103 (3), 367-373. https://doi.
org/10.1007/500128-019-02678-Y/TABLES/2.

Romano, N., Ashikin, M., Teh, J.C., Syukri, F., Karami, A., 2018. Effects of pristine
polyvinyl chloride fragments on whole body histology and protease activity in silver
barb Barbodes gonionotus fry. Environ. Pollut. 237, 1106-1111. https://doi.org/
10.1016/j.envpol.2017.11.040.

A.Schulman, “Chemical resistance of high and low density polyethylene,”[Online].
Available: https://cipax.com/storage/D14CC380DD097BFF446DDBF07891
6FEAE74724963C50734BA7983182C36B490C/0289184f4438400b80d9ea28f2338
399/pdf/media/62c4de02a21e484cb074213b23e58a40/Chemicalresistance.pdf.

Schwabl, P., et al., 2019. Detection of various microplastics in human stool. Ann. Intern.
Med. 171 (7), 453-457. https://doi.org/10.7326/M19-0618.

F. Scientific, “Chemical Compatibility Chart.”https://www.wisconsin.edu/ehs/dow
nload/Fisher-Scientific-Chemical-Compatibility-Chart.pdf (accessed February. 22,
2023).

Seghers, J., et al., 2022. Preparation of a reference material for microplastics in
water—evaluation of homogeneity. Anal. Bioanal. Chem. 414 (1), 385-397. https://
doi.org/10.1007/500216-021-03198-7 /FIGURES/6.

Shah, R., Eldridge, D., Palombo, E., Harding, I., 2014. Optimisation and stability
assessment of solid lipid nanoparticles using particle size and zeta potential. J. Phys.
Sci. 25 (1), 59-75.

Shahsavari, M.R., Mohammadian, H., Namjoo, A., Saadat, Y., Hosseinzadeh, S.,
Abdolbaghi, S., 2015. Effect of stabilizer on the stability and shape of nonspherical
polystyrene particles produced by seeded dispersion polymerization in the presence
of saturated hydrocarbon droplets. Colloid J. 77 (1), 99-107. https://doi.org/
10.1134/51061933X15010159.

12

Environmental Pollution 356 (2024) 124306

Shams, M., Alam, I., Chowdhury, 1., 2020. Aggregation and stability of nanoscale plastics
in aquatic environment. Water Res. 171 (Mar) https://doi.org/10.1016/J.
WATRES.2019.115401.

Siepmann, J., Peppas, N.A., 2012. Modeling of Drug Release from Delivery Systems
Based on Hydroxypropyl Methylcellulose (HPMC). https://doi.org/10.1016/j.
addr.2012.09.028.

Sockett, K.A., Loffredo, M., Korunes-Miller, J., Varghese, M., Grinstaff, M.W., 2022.
Synthesis and characterization of carbohydrate-based biosurfactant mimetics.
Carbohydr. Res. 522 (Dec) https://doi.org/10.1016/J.CARRES.2022.108697.

Stock, V., et al., 2021. Uptake and cellular effects of PE, PP, PET and PVC microplastic
particles. Toxicol. Vitro 70 (June 2020), 105021. https://doi.org/10.1016/j.
tiv.2020.105021.

Stock, V., et al., 2022. Microplastics and nanoplastics: size, surface and dispersant — what
causes the effect? Toxicol. Vitro 80 (December 2021). https://doi.org/10.1016/j.
tiv.2022.105314.

Tanaka, K., Kuramochi, H., Maeda, K., Takahashi, Y., Osako, M., Suzuki, G., 2023. Size-
controlled preparation of polyethylene nanoplastic particles by nanoprecipitation
and insights into the underlying mechanisms. ACS Omega 8 (16), 14470-14477.
https://doi.org/10.1021/acsomega.2c08233.

Tian, C., et al., 2022. Accelerated degradation of microplastics at the liquid interface of
ice crystals in frozen aqueous solutions. Angew. Chem. Int. Ed. 61 (31), 202206947
https://doi.org/10.1002/ANIE.202206947.

Timm, M., Saaby, L., Moesby, L., Hansen, E.W., 2013. Considerations regarding use of
solvents in in vitro cell based assays. Cytotechnology 65 (5), 887-894. https://doi.
org/10.1007/5s10616-012-9530-6.

Tirkey, A., Upadhyay, L.S.B., 2021. Microplastics: an overview on separation,
identification and characterization of microplastics. Mar. Pollut. Bull. 170 (Sep)
https://doi.org/10.1016/J.MARPOLBUL.2021.112604.

Tundisi, L.L., Mostago, G.B., Carricondo, P.C., Petri, D.F.S., 2021. Hydroxypropyl
methylcellulose: physicochemical properties and ocular drug delivery formulations.
Eur. J. Pharmaceut. Sci. 159 (December 2020) https://doi.org/10.1016/j.
ejps.2021.105736.

Ultratech International, “PVC Chemical Compatibility Guide.”https://spillcontainment.
com/wp-content/uploads/2020/10/pvec-chem-compat-1-26-18-use-sf-link.pdf
(accessed February. 22, 2023).

Vashisth, V., Nigam, K.D.P., Kumar, V., 2022. Nanoparticle de-agglomeration in viscous
fluids using different high shear mixer geometries. Chem. Eng. Sci. 248, 117132
https://doi.org/10.1016/j.ces.2021.117132.

Vecino, X., Cruz, J.M., Moldes, A.B., Rodrigues, L.R., 2017. Biosurfactants in cosmetic
formulations: trends and challenges. Crit. Rev. Biotechnol. 37 (7), 911-923. https://
doi.org/10.1080/07388551.2016.1269053.

Voigt, N., Henrich-Noack, P., Kockentiedt, S., Hintz, W., Tomas, J., Sabel, B.A., 2014.
Surfactants, not size or zeta-potential influence blood-brain barrier passage of
polymeric nanoparticles. Eur. J. Pharm. Biopharm. 87 (1), 19-29. https://doi.org/
10.1016/J.EJPB.2014.02.013.

von der Esch, E., et al., 2020. Simple generation of suspensible secondary microplastic
reference particles via ultrasound treatment. Front. Chem. 8 (March), 1-15. https://
doi.org/10.3389/fchem.2020.00169.

Voulgaridou, G.P., et al., 2021. Toxicity profiling of biosurfactants produced by novel
marine bacterial strains. Int. J. Mol. Sci. 22 (5), 1-15. https://doi.org/10.3390/
ijms22052383.

Wan, Z.L., Wang, L.Y., Yang, X.Q., Wang, J.M., Wang, L.J., 2016. Controlled formation
and stabilization of nanosized colloidal suspensions by combination of soy protein
and biosurfactant stevioside as stabilizers. Food Hydrocolloids 52, 317-328. https://
doi.org/10.1016/J.FOODHYD.2015.07.005.

Wang, C., Zhao, J., Xing, B., 2021. Environmental source, fate, and toxicity of
microplastics. J. Hazard Mater. 407, 124357 https://doi.org/10.1016/j.
jhazmat.2020.124357.

T. Witzmann et al., “Repulsive Interactions of Eco-Corona Covered Microplastic Particles
Quantitatively Follow Modelling of Polymer Brushes”.

Wright, S.L., Kelly, F.J., 2017. Plastic and human health: a micro issue? Environ. Sci.
Technol. 51 (12), 6634-6647. https://doi.org/10.1021/acs.est.7b00423.

Wu, J., Jiang, R., Lin, W., Ouyang, G., 2019. Effect of salinity and humic acid on the
aggregation and toxicity of polystyrene nanoplastics with different functional groups
and charges. Environ. Pollut. 245, 836-843. https://doi.org/10.1016/J.
ENVPOL.2018.11.055.

Wu, F., et al., 2020. Investigation of the stability in Pickering emulsions preparation with
commercial cosmetic ingredients. Colloids Surfaces A Physicochem. Eng. Asp. 602,
125082 https://doi.org/10.1016/J.COLSURFA.2020.125082.

Yumiyama, S., Fujisawa, E., Konishi, Y., Nomura, T., 2018. Control of colloidal behavior
of polystyrene latex nanoparticles and their cytotoxicity toward yeast cells using
water-soluble polymers. Adv. Powder Technol. 29 (9), 2204-2210. https://doi.org/
10.1016/j.apt.2018.06.004.

Zapor, L., Skowron, J., Golofit-Szymczak, M., 2002. The cytotoxicity of some organic
solvents on isolated hepatocytes in monolayer culture. Int. J. Occup. Saf. Ergon. 8
(1), 121-129. https://doi.org/10.1080/10803548.2002.11076520.

Zhang, Z., Qu, C., Zheng, T., Lai, Y., Li, J., 2013. Effect of Triton X-100 as dispersant on
carbon black for LiFePO 4 cathode. Int. J. Electrochem. Sci. 8, 6722-6733 [Online].
Available: www.electrochemsci.org. (Accessed 31 May 2023).

Zhao, W., et al., 2021. Surfactant-free stabilization of aqueous graphene dispersions
using starch as a dispersing agent. ACS Omega 6 (18), 12050-12062. https://doi.
org/10.1021/acsomega.1c00699.

HANDBOOK of Surface and Colloid Chemistry Third Edition, 2009.

Polyethylene Terephthalate (PET)-Chemical Compatibility.”https://roboworld.com/
wp-content/uploads/2017/08/PET_ChemicalCompatibility.pdf (accessed January.
10, 2024).


https://doi.org/10.1016/J.ACTBIO.2011.07.033
https://doi.org/10.1016/J.ACTBIO.2011.07.033
https://doi.org/10.1016/J.ENVRES.2020.109842
https://nationalpolystyrene.com.au/wp-content/uploads/2020/11/Chemical-Resistance-Table.pdf
https://nationalpolystyrene.com.au/wp-content/uploads/2020/11/Chemical-Resistance-Table.pdf
https://doi.org/10.15419/bmrat.v7i7.614
https://doi.org/10.1016/S0006-3495(70)86326-3
https://doi.org/10.1016/S0006-3495(70)86326-3
https://doi.org/10.1021/acsapm.2c01623
https://doi.org/10.1006/JCIS.1996.0619
https://doi.org/10.35940/ijeat.B3319.0211322
https://doi.org/10.35940/ijeat.B3319.0211322
https://doi.org/10.1039/d0na00539h
https://doi.org/10.1039/d0na00539h
https://doi.org/10.1186/s43591-023-00058-2
https://doi.org/10.1186/s43591-023-00058-2
https://www.perkinelmer.co.jp/Portals/0/resource/products_ls/assays/pdf/007654_01_STL.pdf
https://www.perkinelmer.co.jp/Portals/0/resource/products_ls/assays/pdf/007654_01_STL.pdf
https://doi.org/10.1016/J.JCIS.2011.12.001
https://doi.org/10.1016/J.JCIS.2011.12.001
https://doi.org/10.1021/acs.est.2c04929
https://www.pipestock.com/media/wysiwyg/pvc-chemical-compatibility.pdf
https://www.pipestock.com/media/wysiwyg/pvc-chemical-compatibility.pdf
https://doi.org/10.3390/toxics11010040
https://doi.org/10.1016/S0378-5173(03)00299-0
https://doi.org/10.1016/J.JHAZMAT.2021.127961
https://doi.org/10.1016/J.JHAZMAT.2021.127961
https://doi.org/10.1007/s10311-014-0466-2
https://doi.org/10.1007/s10311-014-0466-2
https://doi.org/10.1016/j.tiv.2021.105196
https://doi.org/10.1007/S00128-019-02678-Y/TABLES/2
https://doi.org/10.1007/S00128-019-02678-Y/TABLES/2
https://doi.org/10.1016/j.envpol.2017.11.040
https://doi.org/10.1016/j.envpol.2017.11.040
https://cipax.com/storage/D14CC380DD097BFF446DDBF078916FEAE74724963C50734BA7983182C36B490C/0289184f4438400b80d9ea28f2338399/pdf/media/62c4de02a21e484cb074213b23e58a40/Chemicalresistance.pdf
https://cipax.com/storage/D14CC380DD097BFF446DDBF078916FEAE74724963C50734BA7983182C36B490C/0289184f4438400b80d9ea28f2338399/pdf/media/62c4de02a21e484cb074213b23e58a40/Chemicalresistance.pdf
https://cipax.com/storage/D14CC380DD097BFF446DDBF078916FEAE74724963C50734BA7983182C36B490C/0289184f4438400b80d9ea28f2338399/pdf/media/62c4de02a21e484cb074213b23e58a40/Chemicalresistance.pdf
https://doi.org/10.7326/M19-0618
https://www.wisconsin.edu/ehs/download/Fisher-Scientific-Chemical-Compatibility-Chart.pdf
https://www.wisconsin.edu/ehs/download/Fisher-Scientific-Chemical-Compatibility-Chart.pdf
https://doi.org/10.1007/S00216-021-03198-7/FIGURES/6
https://doi.org/10.1007/S00216-021-03198-7/FIGURES/6
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref108
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref108
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref108
https://doi.org/10.1134/S1061933X15010159
https://doi.org/10.1134/S1061933X15010159
https://doi.org/10.1016/J.WATRES.2019.115401
https://doi.org/10.1016/J.WATRES.2019.115401
https://doi.org/10.1016/j.addr.2012.09.028
https://doi.org/10.1016/j.addr.2012.09.028
https://doi.org/10.1016/J.CARRES.2022.108697
https://doi.org/10.1016/j.tiv.2020.105021
https://doi.org/10.1016/j.tiv.2020.105021
https://doi.org/10.1016/j.tiv.2022.105314
https://doi.org/10.1016/j.tiv.2022.105314
https://doi.org/10.1021/acsomega.2c08233
https://doi.org/10.1002/ANIE.202206947
https://doi.org/10.1007/s10616-012-9530-6
https://doi.org/10.1007/s10616-012-9530-6
https://doi.org/10.1016/J.MARPOLBUL.2021.112604
https://doi.org/10.1016/j.ejps.2021.105736
https://doi.org/10.1016/j.ejps.2021.105736
https://spillcontainment.com/wp-content/uploads/2020/10/pvc-chem-compat-1-26-18-use-sf-link.pdf
https://spillcontainment.com/wp-content/uploads/2020/10/pvc-chem-compat-1-26-18-use-sf-link.pdf
https://doi.org/10.1016/j.ces.2021.117132
https://doi.org/10.1080/07388551.2016.1269053
https://doi.org/10.1080/07388551.2016.1269053
https://doi.org/10.1016/J.EJPB.2014.02.013
https://doi.org/10.1016/J.EJPB.2014.02.013
https://doi.org/10.3389/fchem.2020.00169
https://doi.org/10.3389/fchem.2020.00169
https://doi.org/10.3390/ijms22052383
https://doi.org/10.3390/ijms22052383
https://doi.org/10.1016/J.FOODHYD.2015.07.005
https://doi.org/10.1016/J.FOODHYD.2015.07.005
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1016/j.jhazmat.2020.124357
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1016/J.ENVPOL.2018.11.055
https://doi.org/10.1016/J.ENVPOL.2018.11.055
https://doi.org/10.1016/J.COLSURFA.2020.125082
https://doi.org/10.1016/j.apt.2018.06.004
https://doi.org/10.1016/j.apt.2018.06.004
https://doi.org/10.1080/10803548.2002.11076520
http://www.electrochemsci.org
https://doi.org/10.1021/acsomega.1c00699
https://doi.org/10.1021/acsomega.1c00699
http://refhub.elsevier.com/S0269-7491(24)01020-0/sref138
https://roboworld.com/wp-content/uploads/2017/08/PET_ChemicalCompatibility.pdf
https://roboworld.com/wp-content/uploads/2017/08/PET_ChemicalCompatibility.pdf

	Suspension of micro- and nanoplastic test materials: Liquid compatibility, (bio)surfactants, toxicity and environmental rel ...
	1 Introduction
	2 Dispersion liquids
	2.1 Chemical compatibility
	2.2 Solubility
	2.3 Liquid toxicity

	3 Agglomeration
	3.1 Surfactants
	3.2 Surfactant toxicity
	3.3 Biosurfactants and the eco-corona

	4 Other methods
	5 Conclusions
	Funding
	Consent for publication
	Ethics approval and consent to participate
	Definitions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


