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Summary (Zusammenfassung)

Das Verstdndnis des Sorptionsverhaltens von Schadstoffen an der Oberfldche von Kunststoffpartikeln
ist entscheidend fiir die Bewertung der okotoxikologischen Auswirkungen von Mikroplastik in der
Umwelt. Insbesondere im aquatischen Milieu ist der Kunststoff-Wasser-Verteilungskoeffizient (log K,
w) einer der wichtigsten Parameter zur Quantifizierung und dient zum Vergleich der Adsorption von
Schadstoffen an verschiedenen Kunststoffmaterialien. Die log Kp.w~-Werte wurden fiir eine Vielzahl
von Schadstoffen im Labor oder in Feldversuchen bestimmt. Log K,..-Werte fiir Schadstoffe mit
geringer Wasserloslichkeit sind jedoch oft nicht verfiigbar oder werden mit Hilfe einer
mathematischen Gleichung geschétzt, die auf chemisch-physikalischen Eigenschaften der Sorbate,
wie der molaren Masse (MW), dem Ocatnol-Wasser-Verteilungskoeffizienten (log Kow) oder der
Wasserloslichkeit (log Cw'), beruhen. Solche Gleichungen werden meist nur fiir Polyethylen (PE)
entwickelt.

In dieser Dissertation wurde eine Gleichung zur Vorhersage von log K,..-Werten fiir drei weit
verbreitete Kunststoffe aufgestellt, nimlich Polyethylen niedriger Dichte (LDPE), Polypropylen (PP)
und Polyethylenterephthalat (PET) sowie ein allgemein bekanntes biologisch abbaubares
Polybutylensuccinat (PBS).

Zunéchst wurden die log Kp.w-Werte von Naphthalin, Fluoren und Phenanthren anhand einer Reihe
von kleinen Laborversuchen mit diesen vier Kunststoffen und der Freundlich-Isotherme abgeleitet.
Dariiber hinaus wurden die Kunststoffeigenschaften im Labor bestimmt und mit den PAK-
Eigenschaften kombiniert, um Gleichungen fiir die Vorhersage von log K;..w aufzustellen. Aus diesen
Gleichungen wurde die am besten geeignete und robusteste Gleichung mit Hilfe statistischer
Instrumente ausgewdhlt, einschliel}lich des zweidimensionalen Korrelationskoeffizienten und des
mittleren quadratischen Fehlers (eng. root mean square error = RMSE). SchlieBlich wurde die
Giiltigkeit dieser Gleichung durch den Vergleich der mit dieser Gleichung vorhergesagten log Kp.w-
Werte mit den in der Literatur verfiigbaren log Kp..-Werten bewertet.

Bei der Entwicklung einer Gleichung bestatigte sich, dass zwei Kunststoffeigenschaften (Kristallinitat
= X, Dichte = p) und eine PAK-Eigenschaft (Wasserloslichkeit = log C,*3) wichtige Variablen fiir
das Verstandnis des Sorptionsverhaltens von PAK an Kunststoffen in der wéassrigen Umgebung sind.
Das wichtigste Ergebnis dieser Arbeit ist die Entwicklung einer universellen Gleichung fiir vier
wichtige Polymere zur Vorhersage von log Ky, fiir PAK auf der Grundlage dieser Kunststoff- und PAK-
Eigenschaften:

log K,_,, von PAK = (—1,85 log C,,°* + 1,00) = X x p + 2,50.

Es wurde eine Ubertragung dieser Gleichung auf zuvor veréffentlichte log K,w-Werte durchgefiihrt.
Das Ergebnis zeigte, dass 93,0 % (93 von 100 veroffentlichten Werten), 91,7 % (11 von 12
veroffentlichten Werten), 100 % (2 von 2 veroffentlichten Werten) und 50 % (2 von 4 veroffentlichten
Werten) der log K. von LDPE, PP, PBS bzw. PET innerhalb der Grenzen dieser Gleichung lagen.

Das Verfahren zur Entwicklung der Gleichung in dieser Arbeit sowie die Gleichung selbst konnen als
Grundlage fiir i) die weitere Optimierung der Gleichung auf der Grundlage von tatsédchlich im Labor
und im Feld ermittelten log K,.w-Werten, ii) die Vorhersage von log K, fiir nicht in dieser Arbeit
getestete Kombinationen eines Schadstoffs und eines Polymers und iii) die Vorhersage von
okotoxikologischen Wirkungen durch Mikroplastik im aquatischen Milieu verwendet werden.
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Abstract

Understanding the sorption behaviour of pollutants onto the surface of plastic particles is crucial to
evaluate the ecotoxicological impact of microplastics in the environment. Especially in the aquatic
milieu, plastic-water partition coefficients (log Kp.v) is one of the important parameters to quantify
and compare the adsorption of pollutants on different plastic materials. Log K,.w for a variety of
pollutants have been determined in the laboratory or in the field experiments. log K. values for
pollutants with low water solubility are, however, often not available or estimated using a
mathematical equation based on physicochemical properties of sorbates such as molar mass (MW),
ocatnol-water partition coefficient (log Kow) or water solubility (log Cu*). Such equations are
developed mostly only for polyethylene (PE).

In this dissertation, an equation was established to predict log Ky.w values for three widely used
plastics, namely, low density polyethylene (LDPE), polypropylene (PP) and polyethylene
terephthalate (PET) as well as a commonly known biodegradable polybutylene succinate (PBS).

First, log K,.w values of naphthalene, fluorene and phenanthrene were derived on a set of small
laboratory scale experiments using four plastics and the Freundlich isotherm. In addition, plastic
properties were determined in the laboratory, which were combined with PAH properties to establish
a number of equations for the prediction of log K. From these equations, the most appropriate and
robust equation was selected using statistical tools, including two-dimensional correlation coefficient
and root mean square error (RMSE). Finally, the validity of this equation was evaluated by comparing
predicted log K. values using the equation with the log K. values that are available in the literature.

In the process of the development of an equation, it was confirmed that two plastic properties
(crystallinity = X, density = p) and one PAH property (aqueous solubility = log C,*) are significant
variables to understand the sorption behavior of PAHs on plastics in the aqueous environment. The
major outcome of this work is the development of a universal equation for four important polymers
to predict log Kp.. for PAHs based on these plastic and PAH properties:

log K,_,, of PAH = (—1.85 xlog C,,**" + 1.00) * X, * p + 2.50.

A transferability of this equation to previously published log K. was performed. The result showed
that 93.0 % (93 out of 100 published values), 91.7% (11 out of 12 published values), 100 % (2 out
of 2 published values) and 50% (2 out of 4 published values) of the log K,.. of LDPE, PP, PBS, and
PET, respectively, were found to be within the limits of this equation.

The procedure for the development of the equation in this work as well as the equation itself can be
utilized as a basis for i) the further optimization of the equation based on log K. values actually
determined in the laboratory and in the field, ii) the prediction of log Kp. for untested combinations
of a pollutant and a polymer and iii) prediction of ecotoxicological effects of microplastics in the
aquatic milieu.
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1. Introduction

Plastics, especially microplastics (MPs) in the environment, are becoming a subject of increasing
concern. According to Jambeck et al. (2015), out of 275 million tonnes plastic waste generated by 93
% of the global population living in 192 coastal countries in 2010, 4.8 to 12.7 million metric tonnes
were assumed to end up in the ocean, while the global plastic production in 2010 was determined to
be 270 million tonnes. In other words, approximately 1.8 to 2.7 % of the globally produced plastic
products in 2010 entered the ocean. Meanwhile, the annual report “Plastics — the Facts 2020” by
PlasticsEurope found that global plastic production increased to 368 million tonnes in 2019. In
addition, production of biodegradable plastic increased from 1.1 million tonnes in 2018 to 1.2 million
tonnes in 2019 (European Bioplastics, 2020). Whether conventional or biodegradable, plastic waste
leaking into the ocean becomes a greater concern as more plastic and plastic waste are generated
globally.

Not only plastic waste, but also a variety of hydrophobic organic pollutants are found in the
environment. In aquatic milieus, nonpolar hydrophobic pollutants tend to adsorb on the non-polar
surface of many plastic materials. Plastic waste can, thus, become a carrier of toxic pollutants and
endanger the health of marine organisms. The organization International Pellet Watch (IPW), for
instance, analysed a large number of plastic pellets (size < 5 mm) collected on beaches worldwide to
investigate the accumulation of hydrophobic pollutants on polymer materials. They have shown that
pollutants like polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB),
hexachlorocyclohexane (HCH) and dichlorodiphenyl-trichloroethane (DDT) can accumulate on
polyethylene (PE) and other polymers weathered in the marine environment (Mato et al., 2001, Endo
et al., 2005; Rios et al., 2007; Ogata et al., 2009; Hirai et al., 2011; Haskett et al., 2012; Van et al.,
2012; Yamashita et al., 2018; Rodrigues et al., 2019; Camacho et al., 2019). Among hydrophobic
organic pollutants, PAHs are the major pollutant group with the highest sorption mass of up to 24.4
x 103 ng/g-pellet (Yeo et al., 2017). The question arises then whether every polymer type accumulates
the same amount of pollutants?

Rochman et al. (2013) investigated the accumulation of PAHs and PCBs on five different types of
plastic resin pellets, i.e. high-density polyethylene (HDPE), low-density polyethylene (LDPE),
polypropylene (PP), polyvinyl chloride (PVC) and polyethylene terephthalate (PET) in the marine
ecosystem and found that sorption behaviour largely varied depending on polymer types. The
accumulation of 15 PAHs, for instance, decreased in the order of HDPE (797 ng g-pellet!) > LDPE
(722 ng g-pellet!) > PP (122 ng g-pellet!) > PVC (27 ng g-pellet!) > PET (17 ng g-pellet!). Their
results are useful to compare the sorption behaviour of bulk PAHs which were available in the system
with different polymers deployed in a certain period of time in the same environment. However, the
sorption masses of other plastic types cannot be compared with the available data, since it is not
possible to repeat the experiment under the exact same conditions.

For a fair comparison of the accumulation degree of a pollutant on plastic materials, plastic-water
partition coefficients (log K,.w) are to be determined in laboratory experiments under controlled
conditions. In general, log K, values are determined through a series of laboratory experiments in
distilled water using isotherm models. To compare the degree of sorption of a particular substance
(sorbate) on a polymer material (sorbent) in aquatic milieu, plastic-water partition coefficient (log
Kpo-w) is an important parameter. A number of researchers conducted laboratory experiments to
calculate log K,.» of PAHs, mainly using LDPE as a sorbent material (Booij et al., 2003; Adams et al.,
2007; Cornelissen et al., 2008; Fernandez et al., 2009; Smedes et al., 2009; Hale et al., 2010; Choi
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et al., 2013; Zhu et al., 2015; J. Wang et al., 2019). These researchers observed that sorbate
properties, such as octanol-water partition coefficient (log Kow), molecular weight (MW), and
solubility in water clearly influence its sorption behaviour on LDPE. As investigated by Adams et al.
(2007), Smedes et al. (2009), Choi et al. (2013), and Hiiffer and Hofmann, (2016), a linear
correlation was found between log K. and log Kow of PAHs on LDPE, indicating that log K, of a
new PAH can be estimated if its log Kow is known.

In addition to LDPE, which accounted for 17 % of the global plastic production in 2015, other major
polymers for example PP and PET were also examined in some studies and determined to account for
23 % and 7 % of the global plastic production (Plastics Europe, 2015). A handful of studies
determined partition coefficients of PP (log Kpp.w) in the laboratory (Teuten et al., 2007; Karapanagioti
and Klontza, 2008; Lee et al., 2014; and J. Wang et al., 2019). With regard to the biodegradable
polymers and PET, two studies have been recently published: i) investigation of the sorption of four
PAHs (phenanthrene, pyrene, 1-nitronapthalene and 1-napthylamine) on a biodegradable polymer
polybutylene succinate (PBS) by Zhao et al. (2020) ii) sorption experiments of naphthalene, fluorene,
fluoranthene and pyrene on three non-degradable types of polymers including PET were carried out
by Loncarski et al. (2021). Plastic-water partition coefficients of the above mentioned studies for PE
are summarized in Table A1.1 (Appendix) and for PP, PET and PBS in Table A1.2.

It is not easy to conduct sorption isotherm experiments on hydrophobic pollutants with low water
solubility (Zhu et al., 2015), especially on polymers that accumulate hydrophobic pollutants well in
the water phase because of their hydrophobicity. Thus, researchers attempted to estimate log Kp.w
using linear regression models. Typically, physicochemical properties of sorbates, like octanol-water
partitioning (log Kow) (Adams et al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al., 2013;
Hiiffer and Hofmann, 2016), hexadecane-water partitioning (log Knaw) (Choi et al., 2013; Hiiffer and
Hofmann, 2016), aqueous solubility (Lohmann, 2012) and molecular weight (Smedes et al., 2009;
Choi et al., 2013) were used to estimate log K, values of organic hydrophobic compounds. For PAHs
on PE, correlations between log Keg.w and log Kow were determined with coefficients of determinations
(R?) in the range of 0.89-0.97 (Adams et al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al.,
2013; Hiiffer and Hofmann, 2016), whereas log Kpr.w correlates with log Knaw with an R? of 0.94 -
0.97 (Choi et al., 2013; Hiiffer and Hofmann, 2016). According to Lohmann (2012), log Kpg.w
correlates better with aqueous solubility of PAHs (R2 = 0.94) than with log Kow (R2 = 0.92) in a log
linear model. For PAHs, another parameter that correlates well with log Kpg.w is molecular weight: R2
= 0.970 and 0.99, according to Smedes et al. (2009) and Choi et al (2013), respectively. The
experimental data of these studies resulted in correlations between 0.89 and 0.99 for PE, however,
they only took into consideration the physicochemical properties of the sorptive; properties of the
sorbent were not taken into account.

In this regard, J. Wang et al. (2019) determined plastic-water partition coefficient of naphthalene
and phenanthrene on five different polymers (HDPE, LDPE, PP, PVC, PS) of two different size classes.
In the case of the smaller plastic size class, J. Wang et al. (2019) obtained different log Kp.w-orders
for naphthalene (PP > PVC > LDPE > PS > HDPE) and phenanthrene (HDPE > PVC > PP > LDPE
> PS). Therefore, Zuo et al. (2019), J. Wang et al. (2019), as well as and Praveena and Aris (2020)
assumed that polymer properties could affect sorption affinity of organic sorbates on plastics. A
mathematical correlation of log K,.w and polymer properties could not be derived.

In this dissertation, the correlation between log Kp..w and the sorbent, as well as sorbate properties of
selected PAHs for three conventional polymers and one biodegradable polymer, were investigated.
First, a series of sorption isotherm experiments were conducted in the laboratory to determine log
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K,.w of three PAHs, i.e. naphthalene (molecular weight = 128.16 g mol?; log Kow = 3.37), fluorene
(molecular weight = 166.21 g mol; log Kow = 4.18) and phenanthrene (molecular weight = 178.22
g mol!; log Kow = 4.46), for three conventional polymers (LDPE, PP and PET) and one biodegradable
polymer (PBS). This study has three focus points.

Firstly, the correlation between log K. and sorbate properties for LDPE derived in this work was
compared to the correlations in published studies to verify the feasibility of this experimental settings.
Then, correlations between log Ky and log Kow, MW, log C.* and log Knaw of PAHs for PP, PET and
PBS were determined. To the best of knowledge, the models to determine log K,.» of PAHs for PP,
PET and PBS from log K, are reported for the first time.

Secondly, the influence of thermodynamic and surface polymer properties on log K. of three
investigated PAHs (naphthalene, fluorene, phenanthrene) using three conventional polymers, LDPE,
PP and PET and one biodegradable polymer PBS was analysed. These account for approximately 40
% of global primary polymer production (Ritchie and Roser, 2018). Their crystallinity (X), melting
temperature (Tm) and glass transition temperature (Tg) were measured using differential scanning
calorimetry (DSC) and correlated with log K;.w.

Finally, physicochemical properties of sorbate and sorbent from the previous two focus points are
combined in equations to predict partition coefficients in the water phase. The partition coefficients
calculated from the equations are compared with the partition coefficients obtained from the
laboratory experiments. If the partition coefficients determined from the equations exceed a specified
agreement with the partition coefficients determined from the laboratory experiments, these
equations are compared with previously published equations. The expected result from the literature
comparison is an equation that has a higher accuracy than the previously published equations.

2. Basic information

The following chapter will explain the basics of polymers and organic pollutants like polycyclic
aromatic hydrocarbons (PAH). When plastics are released in the environment, they interact not only
with the environment, but also the substances associated with it. For example, plastics can be
fragmented due to the climate conditions and weathering as well as desorb and adsorb chemicals,
metals or other solid particles. In an aquatic milieu, organic chemicals like PAHs tend to adsorb on
polymer particles, so the sorption process in an aqueous phase is described in detail. Since many
different plastic types exist, each with their unique physicochemical properties, the main goal is to
identify which of these physicochemical properties has the biggest effect on the sorption process.
Therefore, a selected number of PAHs and different polymer types were tested in order to represent
a variety of different physicochemical properties of PAHs and plastics.

2.1. Plastic

The basic elements of plastic are monomers consisting of organic chemicals. Couplings of the
monomers create polymers, that have a high molecular weight. Plastics are omnipresent due to simple
processing and a high variety of applications. Since the early 20™ century, plastics have been produced
from crude oil, and the possible uses have multiplied. Plastic production has increased every year
since its beginning and reached 381 million tonnes in 2015 (Ritchie and Roser, 2018). The most
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common polymers are polypropylene (PP), low density polyethylene (LDPE), high density
polyethylene HDPE), polyethylene terephthalate (PET), and polyvinyl chloride (PVC) (Geyer et al.,
2017). In the first step of plastic production, crude oil is separated into fractions made up of
hydrocarbon chains, which differ in size and composition. Three different processes are used to

produce synthetic plastic: polymerization, polyaddition and polycondensation.

In polymerization, monomers are connected by splitting multiple compounds through chain reactions.
During this process, the chemical composition of the reactant is not changed and no by-products are
separated. Temperature and pressure can affect the seamless polymerization process.
Polycondensation, on the other hand, takes place in stages and requires different raw materials.
During polycondensation by-products are separated into two functional groups. The structure of the
bond can be chain-like or cross-linked. Similar to polycondensation, polyaddition takes places in
stages, but no by-products are separated. In polyaddition, monomers bind together due to the
intermolecular migration processes of hydrogen atoms (Baur et al., 2010).

Depending on the process conditions, synthetic polymers can turn into thermoplastics, elastomers or
thermosets. Thermoplastics are characterized by their malleability during heating and shows linear
or branched structures. Increasing the temperature affects chemical and mechanical properties and
can result in reversible deformation. Polypropylene and polyethylene, for example, are such
thermoplastics. Thermosets, on the other hand, are more heat-resistant and do not deform. They are
characterized as highly cross-linked plastics and therefore no longer change shape after hardening.
The consistency of thermosets can be influenced depending on the additives used. The reason
thermosets do not melt is that their glass transition temperature is higher than the decomposition
temperature. Phenolic and epoxy resins belong to this group. Finally, there are elastomers with their
high molecular weight, wide-meshed cross-linked polymers and elastic properties. They will deform
when stress is applied in the form of tension or pressure, but then return to their original shape once
it passes. Elastomers are favoured in the production of tires and rubber tubes. (Bonnet, 2016)

Depending on polymer type and molecular structure, polymers differ in their properties. In general,
synthetic plastics have a low electrical and thermal conductivity and density. Polymer properties can
be influenced by monomers, polymerization, shape and length of polymer chains, branching of
polymer chains, additives and interactions of polymer chains between each other. Furthermore,
conformation as well as configuration affect polymer properties. Confirmation is defined as the spatial
arrangement of rotatable bonds on carbon atoms, whereas configuration is defined as the distribution
of atoms in the molecule. Polarity and mobility of macromolecules influence the confirmation, while
the degree of branching and linearity of the polymer chain structures influence the configuration. In
addition, the properties of polymers are influenced by atomic and intermolecular bonds, which are in
turn affected by the distance between polymer chains.

Furthermore, polymers in their solid state can exist in different phases: amorphous, semi-crystalline
and crystalline (see Figure 1). Crystalline phase macromolecules form an even chemical structure and
a regular arrangement of substituents, whereas the macromolecules in the amorphous phase have an
irregular form and no ordered structure due to its chain structures and available side groups. The
semi-crystalline phase is a mixture of the crystalline and amorphous phases. There will be both
irregular and ordered structures within one macromolecule. The quantitative proportion of crystalline
phase is determined by the crystallinity, which has an effect on polymer properties. The more
crystalline a polymer is, the greater its dimensional stability and higher the melting point due to more
uniformly arranged macromolecules and the associated intermolecular binding force. Li et al. (2019)
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also observed a correlation between crystallinity and density. (Domminghaus, 2012; Klotzenburg et
al., 2014; Bonnet, 2016)

crystalline phase amorphous phase semi-crystalline phase

Figure 1: Different polymer phases (Camarda et al., 2021)

For this study, four different polymer types were chosen: polyethylene, polypropylene, polyethylene
terephthalate and polybutylene succinate. The following paragraphs will analyse their characteristics
according to the basic properties detailed above/in the previous chapter.

2.1.1. Basic information Polyethylene (PE)

Polyethylene (PE) is a semi-crystalline thermoplastic polymer made from ethylene through a
polymerisation process. The basic components of polyethylene are hydrogen and carbon atoms.
Depending on the manufacturing process, the properties of polyethylene can vary despite similar
structures. Changes in pressure, temperature and catalysts used during the production due to chain
length, degree of branching and molecular weight distribution affect polyethylene properties.
However, polyethylene is always highly hydrophobic. Low-pressure and high-pressure processes are
primarily used to produce polyethylene with different properties. For example, the harder and more
heat-resistant HDPE is formed through a low-pressure process. The molecular strands form linearly
and are closely bound by Van-der-Waals forces. High-pressure process, on the other hand, result in
strong molecular branching, which prevent molecules from binding tightly and result in lower density.
Therefore, LDPE is manufactured in a high-pressure process. In addition, density correlates well with
crystallinity for polyethylene. Due to low degree of branching of HDPE, crystallinities of 80 % can be
achieved and the melting temperature is set at 128 to 136 °C. LDPE has a higher degree of branching
compared to HDPE, which results in a lower crystallinity of 40 to 50 % and a lower melting
temperature at 105 to 115 °C.

2.1.2. Basic information Polypropylene (PP)

Polypropylene (PP) is a semi-crystalline thermoplastic based on propene produced through
polymerisation. The particularity of polypropylene is the methyl group, which can be located laterally
isotactically, syndiotactically or atactically placed on the main chain. Generally, the structure of
polypropylene is isotactic, which creates an even structure with high crystallinity. This also leads to
high stiffness and high melting temperatures. Isotactic and syndiotactic polypropylene are both semi-
crystalline, while atactic polypropylene is amorphous. The crystallinity of isotactic polypropylene can
reach up to 50 percent. However, the methyl side groups of isotactic polypropylene inhibit a close
aggregation of the monomers, resulting in low densities ranging from 0.89 to 0.92 g cm™, and a glass
transition temperature between -10 and O °C. Due to the semi-crystalline structure of isotactic and
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syndiotactic polypropylene, its properties can be influenced by temperature changes during
manufacturing processes. In addition, polypropylene is non-polar and therefore resistant to polar
fluids and water repellent. These characteristics make polypropylene popular in the fibre, automotive

and packaging industry because it is very flexible and can withstand dynamic loads.

2.1.3. Basic information Polyethylene terephthalate (PET)

Polyethylene terephthalate (PET) is a thermoplastic polymer made through polycondensation. It was
originally used as fibre material and is now used in the packaging industry. Around 25 percent of
packaging materials are made from PET by now. The structure of PET is formed by splitting methanol
from dimethyl terephthalate and glycol. Depending on the manufacturing process, the structure of
PET can either be amorphous-transparent or semi-crystalline. Furthermore, PET properties are
significantly correlated to the crystallinity, which can reach up to 40 percent. Crystalline PET, for
example, has low dynamic friction, high stiffness, electric insulating properties, and low water
adsorption. Meanwhile, amorphous PET has good barrier properties. The density of PET is between
1.38 and 1.52 g cm™® and the glass transition temperature is at 80 °C. Due to the polar chemical
structure of PET, it is resistant to non-polar solvents such as oil, grease, alcohol and hydrocarbon
compounds. However, PET is not resistant to strong acids, bases and carbon acids.

2.1.4. Basic information Polybutylene succinate (PBS)

Polybutylene succinate (PBS) belongs to the group of biodegradable bio-polymers and is a linear
aliphatic polyester. It is obtained through a reaction of succinic acid with 1,4-butanediol. Both educts
can be of petrochemical or biological origin. Depending on the basis of the educts, PBS can be made
up to 100 percent bio-based. Succinic acid serves as a dicarboxylic acid for the thermoplastic
polyester, while 1,4-butandiol is a dihydric alcohol from butane. The bio-based production of succinic
acid results from the fermentation metabolism of the bacterium Basfia succiniporducens (DD1). The
bacterium metabolizes substrates in the form of glucose, fructose, xylose and crude glucose to sustain
the fermentation process. PBS has a modulus of elasticity between 300 and 950 MPa. The melting
point of PBS is 84 °C and the glass transition temperature ranges from -45 to -30 °C. PBS is one of the
heavier bio-polymers with a density of 1.24 to 1.28 g cm™. The area of application of PBS is mainly
in the packaging industry and as mulch film. Due to the semi-crystalline structure of PBS, some
properties are comparable with the physicochemical properties of LDPE. (Tiirk, 2014)

2.2. General information of plastic production

The first plastic product was manufactured in 1907 and was called “Bakelite”. In 1950, plastic
production reached 0.35 million metric tonnes (Verla et al., 2019), and ever since it has continually
increased together with the world population (Figure 2). Plastic offered a lot of benefits because of
its resilience, light weight and diverse applicability, for example in the packaging (40 %), building
(20 %) and automotive (8 %) sectors (Ibrahim et al., 2021). Furthermore, its cheap manufacturing
process contributed to globalization, so that the worldwide plastic production finally reached 381
million tonnes in 2015 (Verla et al., 2019).
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Figure 2: Development of global plastic production (Geyer et al., 2017) and the worldwide population (United Nations,
2019)

Unfortunately, a vast majority of synthetic plastics are not biodegradable, recyclable or usable for
thermal energy generation after usage, causing an environmental problem with increasing amounts
of solid plastic waste. To overcome the environmental problem of plastics, research was conducted to
develop biodegradable plastics, such as bioplastic. Bioplastics are defined as materials that are either
bio-based, biodegradable or both. While bio-based means that plastic materials are derived from
biomass, biodegradable describes a chemical degradation process through microorganisms, which are
present in the environment and convert biological material into natural substances (water, carbon
dioxide, compost). Compared to traditional plastic materials, bioplastics represent less than one
percent of the annual plastic production, but have a higher growth rate. According to data published
by European Bioplastics (2019), the global production of bioplastic increased from 2.09 million
tonnes in 2020 to 2.42 million tonnes in 2021, and has substituted some traditional plastics in the
packaging, automotive, and consumer electronics markets, among others. In addition, the use cases
and product variety of bioplastics continue to diversify.

2.3. Plastic waste in the marine environment

Between 1950 and 2015, around 8300 million tonnes of polymers, synthetic fibres and additives were
produced globally. Nearly 30 % (2500 million tonnes) of the earliest plastics were still in use in 2015.
Out of the remaining 5800 million tonnes that were used once, 4600 million tonnes went directly to
landfills or were otherwise discarded, 700 million tonnes were incinerated, and 500 million tonnes
were recycled (Geyer et at., 2017). Of these 500 million tonnes recycled plastics, 100 million tonnes
were reused until 2015, while 100 million tonnes were later incinerated and 300 million tonnes were
discarded after recycling. Recycling and incineration of plastic increased since 1980, and Geyer et al.
(2017) estimated that by 2010, 62 percent of the global plastic waste had been discarded, 22 percent
had been incinerated and 16 percent had been recycled. However, plastic waste is also released into
the environment through improper disposal.

In 2010, 275 million tonnes of plastic waste were produced. This includes one-time use plastic waste
as well as waste from plastic produced in previous years. From those 275 million tonnes, 99,5 million
tonnes were used within 50 km of the coastline, which represents the plastic that is most likely to end
up entering the marine environment, with 31.9 million tonnes having a particularly high probability
of leaking into the oceans, as they were stored in open and unsecured landfills. In total, it is estimated
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that 4.8 to 12.7 million tonnes of the annual global plastic waste entered the oceans through other
channels such as rivers (Jambeck et al., 2015) and 150 million tonnes were already present (Rujni¢-
Sokele, 2015). When plastic ends up in the ocean, it is moved and distributed by wind and ocean
surface currents. In the oceans, the surface currents create large circulating systems called gyres.
Overall, there are five large gyres distributed across the oceans and once plastic finally ends up in a
gyre, it stays there (Figure 3). “The 5 gyre Institute” is the first organisation to research plastic
pollution in all five gyres and has estimated the number of plastic particles floating on the surface of
the oceans to be 270,000 metric tonnes, which corresponds to about 5.25 trillion particles (Eriksen
et al., 2014). However, not only plastics are present in the marine environment, but also dissolved
substances including environmental pollutants like persistent organic pollutants.

NORTH
NORTH PACIFIC GYRE
ATLANTIC GYRE

4 SOUTH
INDIAN PAGIFIC GYRE

SOUTH SOUTH GYRE

ATLANTIC GYRE

Figure 3: Five largest ocean garbage gyres

2.4. Persistent organic pollutants / polycyclic aromatic hydrocarbons

Persistent organic pollutants (POP) are ubiquitous and present in the atmosphere, soil and water.
Because of their chemical structure, POPs linger in the environment for a long time and are bio-
accumulative. The hydrophilic properties of the POPs can lead to an accumulation in the fatty tissues
of organisms when ingested. In the marine environment, this affects mainly fish and birds (Gray,
2002; Cheung et al., 2007; Corsolini and Sara, 2017; Mwakalapa, et al., 2018; Sonne et al., 2020).
Due to the polarity of POPs, they tend to accumulate on plastic particles. Because POPs are a global
environmental problem, the Stockholm convention was passed in 2001 to protect human health,
wildlife and the environment from chemicals that remain intact in the ecosystem for a long time. The
group of POPs includes polycyclic aromatic hydrocarbons.

Polycyclic aromatic hydrocarbons (PAH) belong to a group of hydrocarbon compounds, with over
200 different organic compounds consisting of at least two benzene rings. These benzene rings are
connected to one another via at least two ring members of the benzene ring (condensation).
Furthermore, PAHs are assigned in two categories, “light PAHs” and “heavy PAHs”. While light PAHs
have between two and four benzene rings, heavy PAHs consist of more than four benzene rings. In
addition to the fused ring systems, the hydrocarbons can have additional substituents (methyl groups,
or oxygen and nitrogen), resulting in many individual variants (Harvey, 1997). PAH can arise through
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natural or anthropogenic processes. In both cases, PAHs are formed as a result of incomplete
combustion processes of organic substances in the environment. PAHs from natural sources occur for
example through volcanic eruptions or fires, while anthropogenic sources of PAHs are emitted
through small combustion plants and industrial processes like fossil combustion engines. PAHs
released in the atmosphere either remain in a gaseous state or bind to aerosols. Meanwhile, the
hydrophobic properties of PAHs ensure accumulation on sediments, soils and adsorb on lipophilic
surfaces. Light PAHs are biologically degradable through photochemical processes, while heavy PAHs
are only partially degradable. PAHs rarely occur as individual components and some are highly toxic,
carcinogenic, mutagenic, teratogenic and bio-accumulating (ATSDR 1995). Naphthalene, fluorene
and phenanthrene as well as 13 other PAHs are on the United States Environmental Protection
Agency’s (USEPA) list of priority pollutants (Yan and Wang, 2004). The molecular weight of these 16
priority PAH pollutants is between 128 and 278 g mol'}, and in their purest form they are colourless
crystalline solids. The boiling point of most PAHs is 300 to 500 °C. Due to the lacking hydrophilic
functional groups, PAHs are hydrophobic and only slightly soluble in water, but dissolve well in
organic solvents. As the number of benzene rings increases, so does the hydrophobicity and also the
lipophilicity. In the fluid state, PAHs are transported according to their solubility. For example, the
16 priority pollutants have very different water solubilities. Thus, as the number of benzene rings
increases, water solubility and mobility in an aqueous phase decrease. The accumulation of PAHs in
a solid state is driven by retardation and diffusion. In the fluid state, the substance transport mainly
takes place via advection, diffusion, dispersion and sorption. These four transport processes determine
the partition in a gaseous, fluid and solid phase. The distribution of the different phases is given by
the partition coefficient.

In this thesis, four widely considered predictors of partition coefficients are examined, namely log
Kow, MW, water solubility (log C.) by Ma et al. (2010) (log Cy*® = -0.032 MW +4.09) and
hexadecane-water partition coefficient (log Knaw) by Schwarzenbach et al. (2003) (log Knaw = 1.21
log Kow —0.43). Where, log Cy* describes the logarithmic water solubility of subcooled liquid and the
log Knaw, which is the ratio of a molar concentration of a dissolved substance in the n-hexadecane
phase to the molar concentration of the solute in the water phase. In Table A2.1 are the values of the
log Kow, MW, log C,* and log Knaw for the 16 EPA-PAHS listed.
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2.5. Sorption/Sorption isotherm

Sorption describes the process of a molecule passing from one state into another. In this thesis one
state is solid, which is represented by plastics particles and the other state is liquid, which is
represented by distilled water. The sorptive is the unbound compound in the gaseous or liquid phase
and the sorbate is the compound bound to a solid phase (sorbent). The accumulation of a compound
in a solid phase can take place through adsorption or absorption and can be followed by desorption.
When the compound only interacts with the surface of the solid phase, it is called adsorption.
However, when the compound moves into the solid phase, it is called absorption. Desorption is the
reversal of adsorption or absorption: the bound compounds are removed from the solid phase during
the desorption process and released in a gaseous or liquid phase. Adsorption, absorption and
desorption are together referred to as sorption.

The distribution of a compound (i) in a two-phase system is determined by the partition coefficient
(Kp,i). The sorbate concentration of the solid phase (Cs;) is set in relation to the sorptive concentration
of the liquid phase (Cw,) at a constant temperature. The following equation applies for the equilibrium
state:

C .
Kp;=—*
! Cw,i

equation 1

Sorption isotherm

Linear and Freundlich isotherm models were applied to calculate plastic-water partition coefficients
like in J. Wang et al. (2019), Zuo et al. (2019) and Zhao et al. (2020) who confirmed the suitability
of these models with high R2-values for a PAH-plastic-water system. PAH equilibrium concentrations
in the aqueous phase Cw,eq (ug L) were determined by analysing aliquots taken from the vials of the
sorption isotherm experiments. The PAH concentration in the polymer sorbent at equilibrium Cseq
(ug g'1) was then calculated from the Cw,q (ug L') through mass balance.

The partition coefficient of Linear isotherm model assumes a linear correlation of the concentration
of the sorbate in the aqueous phase and the solid phase (equation 2). This represents the simplest
approach

c :
Kp =% equation 2
Cw,eq

where Kp (L/kg) is the distribution coefficient.

In contrast, the Freundlich isotherm model presumes sorbate distributes heterogeneously on the
surface of a sorbent (Yang, 1998). The Freundlich equation is as follows:

Cseq = Kpr * Chyeq” equation 3
The log-linear equation of the Freundlich model is as follows:
log Cseq = 10g K, + 1 x10g Cy g equation 4

with log Kg: (L kg!) being the Freundlich partition coefficient, while n (-) is the Freundlich exponential
coefficient.
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2.6. Prediction of plastic-water partition coefficients

PAH properties including log Kew, MW, log Cy*, 10g Khdw

For hydrophobic pollutants with low water solubility, it is not easy to conduct sorption isotherm
experiments (Zhu et al., 2015), especially for polymers that accumulate hydrophobic pollutants well
in the water phase. Thus, researchers attempted to estimate log K, using linear regression models.
Typically, physicochemical properties of sorbates, like octanol-water partitioning (log Kow) (Adams et
al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al., 2013; Hiiffer and Hofmann, 2016),
hexadecane-water partitioning (log Knaw) (Choi et al., 2013; Hiiffer and Hofmann, 2016), aqueous
solubility (Lohmann, 2012) and molecular weight (Smedes et al., 2009; Choi et al., 2013), were used
to estimate log K. values of organic hydrophobic compounds. For PAHs on PE, correlations between
log Kee-w and log Kow were determined with a coefficient of determinations (R?) in the range of 0.89
- 0.97 (Adams et al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al., 2013; Hiiffer and
Hofmann, 2016), whereas log Kpr.w correlates with log Knaw with an R2 of 0.94 - 0.97 (Choi et al.,
2013; Hiiffer and Hofmann, 2016). According to Lohmann (2012), log Kes.w correlates better with
aqueous solubility of PAHs (R2 = 0.94) than with log Kow (R2 = 0.92) in a log linear model. For PAHs,
another parameter that correlates well with log Kprw is molecular weight: R2 = 0.97 and 0.99,
according to Choi et al (2013) and Smedes et al. (2009), respectively.

Polymer properties

Only a few studies are available to determine PAH accumulation on other polymers like PP, PET and
PBS. J. Wang et al. (2019) conducted sorption experiments with selected PAHs (naphthalene and
phenanthrene) on five different polymer types, i.e. HDPE, LDPE, PP, PVC and polystyrene (PS) as
meso- and microplastic in order to determine plastic-water partition coefficient according to the
Freundlich isotherm model (log Kg:). For microplastics, log Kg: of naphthalene followed the order of
PP (4.06) > PVC (2.85) > LDPE (2.84) > PS (2.71) > HDPE (2.61), whereas the log Kg of
phenanthrene decreased from HDPE (4.2) > PVC (4.19) > PP (4.18) > LPDE (4.08) > PS (2.64).
Partition coefficients determined by J. Wang et al. (2019) showed that This indicates that the sorption
behaviour of a sorbate is influenced by the properties of a sorbent material.

Indeed, different polymer materials possess different properties like density, glass transition
temperature, melting point or crystallinity. Many sorption experiments were conducted using a
variety of polymer materials to determine the influence of polymer properties on sorption behaviour
of hydrophobic organic compounds. However, the results are inconsistent. For example, J. Wang et
al. (2019) found that the specific surface area (SSA) of plastic particles strongly influences sorption
affinity. The higher the SSA of a certain polymer type, the higher plastic-water partition coefficient
(log Kp-w), though with some exceptions: phenanthrene on PS for microplastics and on expandable
PS (EPS) for mesoplastics; naphthalene on PVC for both micro- and mesoplastics. EPS mesoplastics
and PVC mesoplastics showed higher sorption ability than PS/PVC microplastics, despite their lower
SSA. J. Wang et al. (2019) assumed the higher sorption affinity may have resulted from the
availability of certain functional groups on the surface of EPS and PVC, due to polymer additives like
lubricants, stabilizers or flame retardants in EPS and PVC. Furthermore, temperature-sensitive
polymer properties like polymer phase, crystallinity and melting point were found to affect the
sorption affinity (Endo and Koelmans, 2016; Li et al., 2018; Uber et al., 2019; J. Wang et al., 2019;
Wang et al., 2020). Although the impact of sorbent properties on sorption affinity is often discussed,
a correlation of log K;.w and thermodynamic polymer properties has not yet been proven.
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2.7.Theory

Published studies have shown that the plastic-water partition coefficient of PAHs can be correlated
with different PAH properties. Most common correlations of PAH properties could be found for a
linear correlation of octanol-water partition coefficient and MW of PAHs and LDPE-water partition
coefficient (Booij et al., 2003; Adams et al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al.,
2013; Zhu et al., 2015), which is defined as

logK,,_,, = my * propertiesp,y + by equation 5

where log K., is the plastic-water partition coefficient (L kg!), PAH properties represents log Kow and
MW, and m; and b, are the parameters of the slope and intercept of the linear regressions.
Furthermore, this work could identify polymer properties that correlate with plastic-water partition
coefficients and result in equation 6

log Ky, = my * propertiesygstic + by equation 6
where the slope and intercept of the equations are determined as m» and b, respectively.

In this work, modelled plastic-water partition coefficients are determined by a combination of
physicochemical properties of polymers and PAHs, resulting in equations that were compared to
published equations based on PAH properties and regressed against previously reported log Kp.w
values. This comparison with previously published equations is used to evaluate the equations
obtained in this work.

3. Method and Material

3.1. Sorption Experiment

A series of sorption isotherm experiments were conducted in the laboratory to determine the K. of
three PAHs, i.e. naphthalene (molecular weight = 128.16 g mol'; log Kow = 3.37), fluorene
(molecular weight = 166.21 g mol}; log Kow = 4.18) and phenanthrene (molecular weight = 178.22
g mol; log Kow = 4.46), for three conventional polymers (LDPE, PP and PET) and one biodegradable
polymer (PBS).

3.1.1. Preparation of stock solutions and PAH aqueous solutions for the experiments

Naphthalene (> 99 %) and phenanthrene (> 97 %) were purchased from Fluka (Switzerland), and
fluorene (> 98 %) from Sigma Aldrich (USA). Ethanol (HPLC grade) was obtained from Fisher
Scientific (Germany). For each PAH, a 5 mg L! stock solution was prepared by dissolving the solid
standard compound in ethanol. These stock solutions were then further diluted with the same
ethanol. All original and diluted stock solutions were kept in a dark refrigerator until ready to use.
PAH aqueous solutions were prepared by adding a given PAH stock solution to Milli-Q water
(conductivity < 0.056 uS cm at 25 °C) to achieve certain initial concentrations. The volume of
ethanol in the PAH solutions was kept at less than 0.25 vol.-% to avoid co-solvent effects. Solutions
containing a single PAH with different concentrations were filled in individual glass bottles and placed
on a horizontal shaker at 150 rpm for 48 hours to ensure homogeneity.
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3.1.2. Experimental setup

All sorption experiments were conducted in 20 mL crimp top glass vials at ambient temperature (21
°C). Each vial was filled with 16 mL of well-mixed PAH aqueous solution and carefully weighed plastic
particles and sealed with a Teflon-faced butyl rubber septum and aluminium crimp top cap. A couple
of references were prepared under the same conditions without polymers to document the glass
adsorption behaviour of a given PAH. All vials were shaken gently on a horizontal shaker at 150 rpm
during the sorption experiments.

A total of twelve series of sorption experiments were conducted in the laboratory to determine twelve
log Kp.w. Each series consisted of a combination of single PAH (naphthalene, fluorene or
phenanthrene) and single polymer (LDPE, PET, PP or PBS). To determine a log K,.v, at least six
different final concentrations were generated at the sorption equilibrium. The final concentrations for
naphthalene, fluorene and phenanthrene were designed to be in the range of 25 - 3,500 ug L, 30 -
500 ug L1 and 20 - 250 ug L, respectively. Thus, for each sorption experiment series, at least six
different polymer-to-PAH mass ratios were prepared.

For a given polymer-to-PAH mass ratio, several vials were prepared in the same manner: one vial was
designated for kinetic experimentation and the rest were used for isotherm experiments. From the
vial for the kinetic experiment, 0.5 mL of PAH aqueous solution were taken at certain intervals and
analysed through High Performance Liquide Chromatography (HPLC) to investigate the evolution of
the PAH concentration in the aqueous phase. The sampling interval for kinetic samples were 1, 2, 3,
7, 14 and 28 days for all four polymers. Additional samples were taken after 1 h and 3 h for PBS, and
after 3 h and 5 h for LDPE. Based on the outcome of the kinetic experiment, the time required to
reach 95 %-equilibrium was estimated using pseudo-first-order (PFO) and pseudo-second-order
(PSO) models. Accordingly, the minimum duration of the sorption experiment was set to be 36 days
to ensure equilibrium.

Regarding the sorption isotherm experiments, 0.5 mL of the PAH aqueous solution was taken from
the designated vials. These vials had been prepared and initiated analogue to the vial for kinetic
experiment. An aliquot was taken only once to determine PAH concentration of the aqueous phase at
equilibrium.

3.1.3. Determination of PAH concentrations

At each sampling event, 0.5 mL of the aqueous samples was taken for the HPLC analysis. A stainless
steel/glass syringe was used for the sampling. Every sampling was executed through the Teflon/butyl
rubber septum, i.e. the crimp top cap was kept closed to minimize the loss of PAHs in the headspace
of the vial as well as to prevent the loss of polymer particles, which lightly adhered to the outside of
the syringe needle during the sampling. After every sampling event, the syringe was thoroughly
cleaned using ethanol (HPLC grade) and Milli-Q water.

The concentrations of the PAH stock solutions, aqueous solutions for experiments, and aliquots taken
from the vials were analysed with the DIONEX/Thermo Fisher Scientific UHPLC with a Diode Array
Detector (UltiMate 3000, Germany). The separation of PAHs was performed on a “HYPERSIL Green
PAH” column (4.6 x 150 mm, HV-01889-92 Thermo Scientific, Germany) in isocratic mode using
acetonitrile-water (80 % - 20 %, v v'!) as mobile phase at a flow rate of 1 mL min!. Naphthalene,
fluorene and phenanthrene were measured at wavelengths of 220, 206 and 250 nm, respectively.
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In general, hydrophobic organic substances may adsorb not only on the surface of plastic particles in
the vial but also on the inner glass surface of the vial to some extent. Thus, to determine the PAHs
adsorption on the inner surface of the vials, the vials that had been used for the isotherm experiment

were further investigated. They were emptied and lightly rinsed with Milli-Q water to remove all
polymer particles. A volume of 4 mL of n-hexane and 10 uL of an internal standard, i.e. a mixture of
five deuterated PAHs (10 ug mL* in cyclohexane, NEOCHEMA GmbH, Germany) were added to the
empty vial and placed on a horizontal shaker at 150 rpm for 144 h.

The extract with the internal standard was analysed via gas-chromatography-mass spectrometry (GC-
MS). GC-MS analysis was carried out using the gas chromatograph TRACE 1310 coupled to a
quadrupole mass spectrometer ISQ 7000 (Thermo Fisher Scientific, Germany). To separate the PAHs,
a capillary column TG-5MS (5 % Diphenyl, 95 % Dimethyl-Polysiloxan, 30 m, inner diameter 0.25
mm, film thickness 0.25 um) (Thermo Fisher Scientific, Germany) was applied. A volume of 1 uL of
an aliquot was taken from the extract and deposited into the injector heated at 270 °C. The GC oven
temperature started at 70 °C and was kept for 1 min. The column was then heated up to 120 °C
(holding time 1 min.) at a rate of 20 °C min, then to 190 °C (holding time: 6 min) at 15 °C min’!,
until the final temperature of 320 °C (holding time: 9 min) at a rate of 35 °C min'. No memory effect
was detected.

For the MS analysis, selected ion mode (SIM) was applied to determine peak areas of selected mass-
to-charge ratio (m z!) for naphthalene (m z*! = 127, 128, 129), fluorene (m z! = 165, 166, 167),
phenanthrene (m z! = 176, 178, 179) as well as two deuterated PAHs, i.e. naphthalene-ds (m z! =
134, 136, 137) and phenanthren-dio (m z! = 184, 188, 189).

3.1.4. Kinetic models

Both PFO and PSO models are commonly used to describe adsorption data for non-equilibrium
conditions (Lin and Wang, 2009; Rochman et al., 2013; Wang and Wang, 2018). The pseudo-first-
order model for adsorption was developed by Lagergren (1898) and is described as follows:

dd—qt” =ki(q. — q¢) equation 7

where k; (d!) is the rate constant for adsorption, q: (ug g*) is the amount of sorbate adsorbed on the
sorbent at time t and qe. (ug g!) is the amount of sorbate adsorbed at equilibrium.

The non-linear equation of PFO was applied for further calculation and is expressed as follows:
qr = q.(1 — e F1t) equation 8
The PSO model for adsorption was developed by Ho (1995) as:
dd—qt” =ky(q. — q¢)* equation 9
where ko (g (ug d)!) is the rate constant for adsorption.

The non-linear equation of PSO was utilized for further calculation and can be described using the
following equation:

_ kaqolt
v = . -

= equation 10
1+k2 et
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3.2.Method determination of regression model

Partition coefficients were calculated using Linear and Freundlich isothermal models after equilibrium
was reached. The isothermal model with the highest accuracy is used to compare the resulting
partition coefficients with individual PAH properties (log Kow, MW, logC.5, log Knaw) and individual
plastic properties (density, crystallinity, melting temperature, glass transition temperature, pore
volume, median diameter of the particles, surface free energy), and to test for a linear relationship.

Furthermore, combinations of the PAH and plastic properties were created and also compared to the
partition coefficients. Each combination resulted in a matrix with rows representing the plastics and
columns representing the PAH properties. This property matrix was compared with the matrix
containing the partition coefficients according to Dikbas’ (2017) method, that were similar enough,
to be valid in the purpose of this thesis. According to the method of Dikbas (2017), two-dimensional
correlation coefficients were determined. On the one hand, the horizontal results of two matrices are
compared with each other and are combined to a horizontal correlation coefficient (r1), and on the
other hand, the vertical results are combined to a vertical correlation coefficient (ry) which represent
the two-dimensional correlation coefficient. The following formula is used for this purpose:
Ym Zn(Amn—4) Bmn—B)

"= \/[Zm Zn(Amn_A)] lZm Zn(an_E)J equatlon 1 1

where r is the correlation coefficient of two matrices A and B, while the matrices A and B have the
same size. The overall average of the matrices were A and B, while the index m represents the
horizontal rows of the matrices and the index n represents the vertical columns. Equation 11
represented the basis to calculate both the ry (equation 12) and the ry (equation 13).

— Zm Zn(Amn_Am)(an_Em)
\/ [Zm Zn(Amn_Am)] lZm Zn(an_Em)J

Th equation 12

_ Zm Zn(Amn_An)(an_En)
1, = — —
VIEm Zn(Amn—A)Zm Zn(Bmn—Bn)]

equation 13

where A,, was the average of the m™ row of matrix A, and B,, was the average of the m™ row of
matrix B for equation 12. While A4,, was the average of the n' row of matrix A, and B,, was the average
of the n" row of matrix B for equation 13.

The correlation coefficients (rn and ry) can take values between -1 and 1, therefore, for better
comparability, the correlation coefficients are converted into coefficients of determination (Ri? and
R+?), which can take values between 0 and 1.
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4. Determination of plastic-water partition coefficients

The results of three PAH kinetic adsorption experiments on the four polymers are presented in Table
A4.1. The R? values of PFO (0.669 to 1.00) and PSO (0.718 to 1.00) indicate a good fit for both
models. Hence, samples for sorption isotherm experiments were taken between tos (day) of PFO and
PSO, where tos represents the duration to the 95 % sorption equilibrium.

Figure 4 illustrates the comparison of the tos determined by PFO and PSO for the sorption experiments
of PAHs on LDPE, PBS, PP and PET. It should be noted that only a general trend among polymers or
PAHs is discussed with Figure 4, since the main objective of these kinetic experiments was to estimate
the sampling time for sorption isotherm experiments, and therefore the amount of polymers and the
initial concentrations in each batch is different.

One of two significant tendencies from Figure 4 is the duration to the 95 % equilibrium, generally
estimated to be much longer when applying PSO compared to the tos determined by PFO. Therefore,
samples for sorption isotherm experiments were taken between the tos values by PFO and PSO.
Further, the minimum duration was set to be 36 days for this thesis. The other tendency is the
duration to the 95% equilibrium, which was determined to be significantly longer when the “rubbery”
PET was used as sorbent, compared to the other “glassy” polymers, indicating that the polymer state
may have a certain influence on sorption kinetics.
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Figure 4: Comparison of tos of the sorption experiments of naphthalene (white circle), fluorene (gray circle) and
phenanthrene (black circle) on LDPE, PBS, PP and PET; tos calculated by PFO model (top); tes calculated by PSO model
(bottom).

For the glass adsorption study, one representative sample from each concentration series and each
series of experiments was analysed with a duplicate determination in the GC/MS. No glass adsorption
was detected for any of the samples examined and was not considered further (Table A4.2 - A4.4).
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4.1. Sorption isotherm experiments

4.1.1. Linear vs Freundlich isotherm models

Sorption isotherm experiments were implemented to determine the log K;.. of naphthalene, fluorene
and phenanthrene on LDPE, PP, PBS and PET using two models: Linear and Freundlich isotherm
models. The log K. values determined by Linear and Freundlich isotherm models are referred to as
log Kp and log Kg:, respectively. The constants calculated based on both models are summarized in
Table 1 and Figure 5.

Figure 5 illustrates that both the log Kp and log K values increased in order of naphthalene <
fluorene < phenanthrene for all four polymers, with the exception of LDPE for log Kp. This tendency
is remarkable when the Freundlich sorption isotherm model was applied. Furthermore, the log Kg:
values clearly increased in order of PET < PP < LDPE < PBS, while the tendency is less significant
when the Linear model was applied.

As seen in Table 1, R? values are in the range of 0.911 = 0.080 for Linear and 0.878 + 0.101 for
Freundlich isotherm models, indicating a good performance of both models. A paired t-test resulted
in no significant difference between the mean R? values of Linear and Freundlich isotherm models
(p-value > 0.05). Similarly, no significant difference was found between log Kp and log Kg: values (p-
value > 0.05) calculated using Linear and Freundlich isotherm models, respectively.

With regard to the reproducibility of the experiments, the standard deviation (SD) by the Freundlich
isotherm model was significantly smaller than the SD determined through Linear isotherm model,
indicating that the reproducibility in calculating log K is significantly better when applying the
Freundlich isotherm model. Lower SD values of log Kg: are clearly observed in Figure 5 as well. Thus,
the log Kgr values derived by the Freundlich isotherm model was used for the investigation of
correlations between log Kr and PAH and plastic physicochemical properties. In the following
chapters, the log K values of the Freundlich isotherm are referred to as log Ky.w or as log Kippe-w, 10g
Kpp.w, log Kpps.w and log Keer-w When referring specifically to the partition coefficient for LDPE, PP, PBS
and PET.

Table 1: Constants of Linear and Freundlich sorption isotherm models for tested sorbates

Linear isotherm model Freundlich isotherm model
plastic Ki(Lkg") SD(Lkgh) R log Ky (Lkg) SD(Lkgh) n() R
halene
LDPE 13.726 434 0.983 2.93 0.33 1.33 0.854
PP 13,982 413 0.985 2.88 0.32 1.34 0.859
PBS 9,937 977 0.859 3.35 0.22 1.17 0.916
PET 224 9 0.967 2.68 0.13 0.90 0.942
ne
LDPE 31,021 3.224 0.845 3.88 0.28 1.21 0.844
PP 36,716 4.154 0.821 3.64 0.35 1.34 0.798
PBS 31,797 1.784 0.946 4.24 0.17 1.08 0.912
PET 3,061 181 0.940 2.81 0.24 1.26 0.884
nthrene
LDPE 25,559 2.906 0.928 4.33 0.10 0.93 0.981
PP 37,121 4.037 0.944 3.83 0.20 1.29 0.968
PBS 74,087 4.402 0.983 5.16 0.10 0.81 0.965
PET 5,918 1.471 0.730 2.82 1.06 1.31 0.612
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Figure 5: Comparison of Log Kp (left) and log Kr: (right) of naphthalene, fluorene and phenanthrene on LDPE, PP, PBS and
PET.

4.2. Comparison of log K,.w from this thesis versus published studies

In the following subchapters the log K. values of this thesis are compared with already published
results. An overview of published log K. and log K,.« of this thesis are shown in the following table:

Table 2: Comparison of literature log Kp-w and log Kp.w of this thesis

NAPH FLN PHEN

log Kp.w log Ky log Kp.y
literature this thesis literature this thesis literature this thesis
LDPE 2.81-3.23 2.93+0.33 3.67-4.14 3.88+0.28 | 4.04-4.41° 4.33+0.10
PP 2.72-4.18 2.88 +0.32 4.16 3.64+0.35 | 2.43-4.18 3.83+£0.20
PBS 3.35+£0.22 4.24+0.17 4.92 5.16 £0.10
PET 4.39 2.68 +0.13 4.55 2.81+£0.24 2.82 +£1.06

2 log Kippr.w value was determined by Booij et al. (2003) at 13 °C

4.2.1. Log Kippre-w of PAHs from this thesis versus published studies

The plausibility of the experimental and analytical settings is to be discussed by comparing the log
Kippe-w Values of LDPE derived in this thesis and in other studies.

In Table 3, log Kippe.w values of naphthalene, fluorene and phenanthrene in this study and in other
studies are summarized.

Table 3: Comparison of polyethylene-water partition coefficient (log Kippe-w): this thesis versus published data

This thesis A B C D E F G H 1

Polyethylene LDPE LDPE LDPE LDPE LDPE LDPE PE LDPE LDPE LDPE
Film thickness (um) 455" 70 51 100 25 70 51 51 76 12 pm
p(g em®) 0.92 0.92 0.92 0.92
SA (m2g") 3.16 1.58
temperature (°C) 21 13, 30 24+1 20£1 21 20 20 20 25 25
log Kypp.w/pew (L kg™)

naphthalene 2.93+0.33 3.04 £0.14 2.81£0.14 3.23+0.06 2.94+0.04 2.84+185

fluorene 3.88+0.28 3.78 £ 0.04 3.77+0.11 3.67£0.04 4.14+0.07

phenanthrene 4.33+£0.10 441£001(13°C) 4.30£0.1 4.14+0.02 430+0.10 4.22+0.11 4.13+£0.03 4.04+0.03 4.22+0.07 4.08+3.70

4.12 +£0.02 (30°C)

References: A (Booij et al., 2003), B (Adams et al., 2007), C (Cornelissen et al., 2008), D (Fernandez et al., 2009), E (Smedes et al., 2009),
F (Hale et al., 2010), G (Choi et al., 2013), H (Zhu et al., 2015), I (J. Wang et al, 2019)

2 median diameter (dso); Abbreviations: p = density; SA = surface area
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As seen in Figure 6, the log Kippe.w values determined by the Freundlich isotherm model in this study
falls in the range of available studies for all three selected PAHs, although the film thickness 455 um
(dso) of LDPE particles in this study is significantly greater than the film thickness in the other studies
(12-100 um), confirming the results from Lohmann (2012) about how the log Kippr.w of hydrophobic
organic compounds does not change significantly with the thickness of the LDPE material.

Regarding log Kippee-w of naphthalene, the result (as log Kipee-w = 2.93 + 0.33) of this thesis was in the
range of the log Kippew 2.81 to 3.23 by Cornelissen et al. (2008), Smedes et al. (2009), Choi et al.
(2013), Zhu et al. (2015) and J. Wang et al. (2019). Similarly, the log Kipprw value of this thesis of
fluorene was determined to be 3.88 + 0.28 using the Freundlich isotherm model, which lay between
3.67 and 4.14 by these researchers (Cornelissen et al., 2008; Smedes et al., 2009; Choi et al., 2013;
Zhu et al., 2015). For phenanthrene, log Kippr.w of this thesis was calculated to be 4.33 = 0.10, which
is slightly higher than the data of log Kippr.w and log Kpe.w in the literature (Booij et al., 2003; Adams
et al., 2007; Cornelissen et al., 2008; Karapanagioti and Klontza, 2008; Smedes et al., 2009; Hale et
al., 2010; Choi et al., 2013; Zhu et al., 2015; J. Wang et al., 2019), however, the difference is not
statistically significant.
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Figure 6: Comparison of Log Kippew values of naphthalene, fluorene and phenanthrene: this thesis versus other studies

References: T This thesis (red square); A (Booij et al., 2003; log Kippe-w for phenanthrene at 13 and 30 °C), B (Adams et al.,
2007), C (Cornelissen et al., 2008), D (Fernandez et al., 2009), E (Smedes et al., 2009), F (Hale et al., 2010), G (Choi et
al., 2013), H (Zhu et al., 2015), I (Wang et al, 2019)

Hence, the results showed that i) the experimental settings of this thesis are plausible to derive
reasonable log K, values and ii) since the size and shape of LDPE sorbent materials had little
influence on log Kippe.w of the selected PAHs.

4.2.2. Log Kp-w of PAHs for PP, PET and PBS from this thesis versus published studies

In terms of log K. of PAHs for other polymers, only few values are available in the literature that
can be compare to the results of this thesis. Table 4 illustrates the log K. values of naphthalene,
fluorene and phenanthrene for PP, PET and PBS calculated in this study based on the Freundlich
isotherm model and log K,.» determined by other researchers using these polymers as sorbent
materials. For comparison purposes, the log K. calculated according to Freundlich’s isotherm model
was selected for Table 4, if log K,.» values were calculated by multiple models by the same study. It
should be noted that the log Kg: values for PP, PET and PBS determined in this study are referred to
as log Kpp.w, log Kper-w and log Kpps.w, respectively.
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Table 4: Comparison of log Kpw values of naphthalene, fluorene and phenanthrene for PP, PET and PBS: this thesis versus
published data

This thesis A B C D D E This thesis F This thesis E

Polymer PP PP PP PP PP PP PP PBS PBS PET PET
Film thickness (um) 536" 200-250 < 2000 59 12.5 3000 535° 150-200 658" 3000
p (gem®) 0.91 0.91 0.92 1.24 1.34
SA (m2 g'l) 11.44 1.56 3.327 0.207 2.77 0.04 4.24 0.164
log Ky (L kg'l)

naphthalene 2.88 £0.32 4.06 +2.03 2.72+£1.70 4.18°¢ 3.35+0.22 2.68 £0.13 4.39¢

fluorene 3.64 £ 0.35 4.16° 4.24+0.17 2.81+0.24 4.55¢

phenanthrene 3.83+0.20 3.06" 2.43+1.90 3.73° 4.18+3.28 3.75+2.68 5.16 £ 0.10 4.92 2.82 +1.06

References: A: (Teuten et al., 2007), B: (Karapanagioti and Klontza 2008), C: (Lee et al., 2014), D: (J. Wang et al., 2019),
E: (Loncarski et al., 2021), F: (Zhao et al., 2020)

a median diameter (dso); P seawater log Kep.sw values were converted to freshwater log Kep.w using the Setschenow constant
by Jonker and Muijs (2010) and the ionic strength of seawater by Gonzélez-Davila et al. (2009); © log Kp-w values were
determined in synthetic water enriched with a mixture of salts; values are not converted to fresh water log Kp-w

Concerning the plastic PP, five other studies are available (Teuten et al., 2007; Karapanagioti and
Klontza, 2008; Lee et al., 2014; J. Wang et al., 2019; Loncarski et al., 2021) to compare log Kpp.w
values with the results of this thesis. It must be brought to attention that the sorption isotherm
experiments in some studies were conducted in seawater (Teuten et al., 2007; Lee et al., 2014) or
synthetic water enriched with a mixture of salts (Loncarski et al., 2021), thus the results of the log
Kpp.w values in salt-rich water cannot be compared directly to the log Kpp..w values in Milli-Q water. In
general, hydrophobic organic compounds dissolve less in seawater than in fresh water, and thus
adsorb more on solid surfaces (Jonker and Muijs, 2010). This results in a greater plastic-water
partition coefficient than the counterpart in fresh water. For the log Kpp.w, values determined in
seawater can, however, be converted to log Kep.w in fresh water by the following equation of Jonker
and Muijs (2010) with Setschenow constant:

Kp—sw = Kp_yy * 10%s*! equation 14

where K, is the plastic-water distribution coefficient in salt water (L kg!), log K,.w is the plastic-
water distribution coefficient in salt-free water (L kg1), ks is the salting-out Setschenow constant
(L mol ') and I is the ionic strength (mol L!).

The original log Kpp.w of phenanthrene 3.33 by Teuten et al. (2007) and 4.00 by Lee et al. (2014) can
be converted to 3.06 and 3.73, respectively, when the Setschenow constant of phenanthrene 0.38
(L mol') by Jonker and Muijs (2010) and ionic strength of the seawater 0.7 (mol L'*) by Gonzélez-
Ddvila et al. (2009) are applied.

The log Kep.w of naphthalene (2.88 = 0.32) and phenanthrene (3.83 + 0.20) determined in this thesis
fell within the range of the published values of naphthalene (2.79 to 4.06) and phenanthrene (3.06
to 4.18) in fresh water. The log Kpp.w values of naphthalene and phenanthrene that are the closest to
the results of this thesis are the ones by J. Wang et al. (2019), although the physical properties of the
PP are significantly different. Whereas the log Kpp.v of fluorene (3.64 + 0.35) in this study is the only
published value that has been derived by the sorption isotherm experiment in salt-free water. The log
Kpp.w value of fluorene of 4.16 by Loncarski et al. (2021) in salt-rich synthetic water is slightly higher
than the upper value of this thesis. Because the log Kpp.,w by Loncarski et al. (2021) were determined
in salt-enriched synthetic water, it is reasonable that their value is larger than the fresh water value
of this thesis.
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Regarding PET, log Kper-w of naphthalene (2.68 + 0.13), fluorene (2.81 = 0.24) and phenanthrene
(2.82 = 1.06) determined by the Freundlich isotherm experiments in this thesis, to the best of
knowledge, are the first published values in salt-free water. Loncarski et al. (2021) investigated the
sorption of four different PAHs (naphthalene, fluorene, fluoranthene and pyrene) on standard
granulated PET in a salt-enriched synthetic water matrix (conductivity at 25 °C 226 = 23 uS cm)
similar to Danube River. The log Kper.w values of naphthalene and fluorene by Lon¢arski et al. (2021)
were 4.39 and 4.55, respectively. Both values are significantly greater than the counterparts in this
thesis in salt-free water. Besides the difference in sorption water matrix, the study by Loncarski et al.
(2021) resulted in greater log Kper.w than log Kep.w for both naphthalene and fluorene, unlike the

results of this thesis.

Similar to this study, sorption capacity of PP was greater than PET in the field investigation by
Rochman et al. (2013), who conducted sorption experiments in seawater in San Diego Bay using
commercial HDPE, LDPE, PP, PVC and PET pellets. Rochman et al. (2013) explained the smaller
sorption capacity of PET with its glassy polymer structure. The glass transition temperature (Tg) of
the PET used in this work is higher than that of PP, while the T, of PP is lower than room temperature.
Thus the state of amorphous region of the PP in this thesis is “glassy” while the counterpart of PET is
“rubbery”, which agrees with the statement by Rochman et al. (2013).

The highest sorption capacity of the three selected PAHs in this thesis was achieved by PBS, a
biodegradable polymer, as shown in Figure 5. The log Kpgs.w of naphthalene, fluorene and
phenanthrene were determined to be 3.35 = 0.22, 4.24 = 0.17 and 5.16 = 0.10, respectively.
Currently, only one study is available to compare the log Kpes.w values with the results of this thesis.
Zhao et al. (2020) conducted sorption experiments of five organic chemicals including phenanthrene
on three polar polymer materials, i.e. PBS, polycaprolactone and polyurethane as well as a nonpolar
material polystyrene. From the results by Zhao et al. (2020), the only value that can be compared to
the result of this thesis is the log Kpgs.w of phenanthrene at 4.92, which is slightly smaller than the log
Kpes-w (5.16 = 0.10) of this study, although the difference in physical properties like film thickness
and specific surface area of PBS materials in these two studies are significant.

5. Correlations of PAH properties and log Kp-w

In the following chapter, linear correlations of log K., of this work and PAH properties were
determined and compared with published data.

5.1. Correlation of log Kp.w and log Kow of this thesis

The log K,.w values determined based on the Freundlich isotherm model from chapter 4 were selected
as log K, for the investigation of the correlation between log K,.w and log Ko (listed in Table A2.1).
Log Kow values of naphthalene (NAPH), fluorene (FLN) and phenanthrene (PHEN) were 3.37, 4.18
and 4.46, respectively (Mackay et al., 1992).

The correlations between log Kp.w (i.e. 1og Kippe-w, 10g Kpp.w, 10g Kpps.w and log Kpgr.w) determined from
the sorption experiments in this thesis and the log K,w of PAHs for LDPE, PP, PBS and PET are
presented in Figure 7 (left) and expressed in equations 15 (a) - (d):
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log K;ppg—w = 1.26 x log K, — 1.32 (R2 =0.995) equation 15 (a)
log Kpp_, = 0.88xlogK,, — 0.09 (R2 = 0.997) equation 15 (b)
log Kpgs_y, = 1.54*log K,,, —1.92 (Rz2 =0.924) equation 15 (c)
log Kpgr—w = 0.14*log K,,, + 2.22 (Rz2 = 0.964) equation 15 (d)

The log K,.w values were then modelled based on the derived equations 15 (a) - (d) with the log Kow
values in the range of 0 to 6.5 and presented in Figure 7 (right).
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Figure 7: log Kp.w regression with log Kow: results from the experiment (left) and log Kpw modelled from the derived
equations (right).

The log K,.w determined from the experiments on the four tested polymers correlated positively with
log Kow, similar to other studies by Booij et al. (2003), Adams et al. (2007), Smedes et al. (2009),
Lohmann (2012), Choi et al. (2013), Lee et al. (2014) and Hiiffer and Hofmann (2016). The range
of R? values in this thesis were between 0.924 to 0.997, which is also similar or greater than in other
studies. The regressions shown on the right in Figure 7 are extrapolated regressions that also show
values outside the empirical fitting range (log Kow 3.37 - 4.46). The error of the regressions increases
sharply with increasing distance from the fitting area to the edges.

Equations 15 (a) - (d) show that the slope increased in order of PET (0.14) < PP (0.88) < LDPE
(1.26) < PBS (1.54). This result shows that the increase of hydrophobicity of pollutants influences
the sorption capacity in order of PET < PP < LDPE < PBS. Meanwhile, the intercept decreases in
order of PET (2.22) > PP (-0.09) > LDPE (-1.32) > PBS (-1.92). These results lead to the conclusion
that the linear correlation of log K. and log Ko is unique to the polymer type. Further, as illustrated
in Figure 7 (right), the log K. values among these polymers become nearly identical when log Kow
is 3. The order of log K,.w PET < PP < LDPE < PBS at log Kow of 4 completely reverses to PBS < LDPE
< PP < PET when log K, value becomes smaller than 1.5, suggesting the possibility that the glassy
PET adsorbs more PAHs with lower hydrophobicity. However, the equations 15 (a) - (d) were limited
by the range of tested PAHs represented by their log Kow, but within this log Kow range all equations
resulted in accuracies > 0.92.
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Correlation between log Kippew and log Kow from this thesis versus published studies

A handful of regression models for the correlation between log Kipee.w and log Kow were published
(Booij et al., 2003; Adams et al., 2007; Smedes et al., 2009; Lohmann, 2012; Choi et al., 2013; Zhu
et al., 2015) (Table A5.1). The log Kippe-w - log Kow correlation of this thesis and other researchers are
presented in Figure 8. The modelled log Kippe-w values using equation 15 (a) are within the range of
reported values (Booij et al., 2003; Adams et al., 2007; Smedes et al., 2009; Choi et al., 2013; Zhu et
al., 2015).
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Figure 8: Correlation of log Kipee-w and log Kow from this thesis versus published studies

2 log Kippr.w Of 17 parent PAHs were presented

Table 5 shows the regression models by Booij et al. (2003), Adams et al. (2007), Smedes et al. (2009),
Lohmann (2012), Choi et al. (2013) and Zhu et al. (2015) as well as the model derived from this
study. A positive slope and negative intercept for each linear regression model with at least R2 > 0.92
show that log Kow in general is a good predictor for log Kipee-w. In addition, the p-values for slopes
and intercepts were determined using statistical software SPSS to compare reported linear regression
models and the model from this study (Table 5). The p-value showed no significant difference
between the results from this study and Booij et al. (2003), Adams et al. (2007), Smedes et al. (2009),
Lohmann (2012), Choi et al. (2013) as well as Zhu et al. (2015) having p-values higher than 0.05.
The influence of the differing experimental settings of Booij et al. (2003), Adams et al. (2007) and
Zhu et al. (2015) as well as a co-solvent model (Smedes et al., 2009) and a regression model based
on 17 parent PAHs (Choi et al., 2013) seem to be negligible. Furthermore, the regression by Lohmann
(2012), which can be used as a reference regression since it contains n = 65 log Kippew - 10g Kow
values of PAHs of different authors, also showed no significant difference to the log Kippew - Kow
regression of this study.

In summary, the log Kipeew value of selected PAHs determined from these Freundlich isotherm
experiments and the log Kippew - l0og Kow regression model moderately relate to the reported log
Kippew values as well as the regression models for LDPE by other authors, indicating that the validity
of this experimental setting was adequate.
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Table 5: SPSS analysis of log Kippe-w — log Kow regression of this study and literature models

log K,,, regression models SPSS

Reference
equations R2 p-value®

This thesis log Ky ppg.w = 1.26 log K, - 1.32 0.995
Zhu et al. (2015)b log Ky ppg.w = 1.31 log K, - 1.45 0.98 0.840
Choi et al. (2013)¢ log Kippg.w = 1.00 log K, - 0.26 0.96 0.389
Lohmann (2012) log Kippg.w = 1.22 (£ 0.046) log K, - 1.22 (£ 0.24) 0.92 0.880
Smedes et al. (2009) log Kyppg.w = 1.48 log Ky, - 2.45 0.97 0.609
Adams et al. (2007)  log Kippe.w = 1.2 log K, - 0.97 0.95 0.853
Booji et al. (2003) log Kippe.w = 0.972 log K,y - 0.13 0.95 0.095

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kippg.w - log K, of individual
study from the literature and log Kippe.w - log Ko, of this thesis; ® Calculated log Kyppg.w - log Ko regression of 16 EPA-PAHs determined by
Zhu et al. (2015); ¢ 16 parent PAHs were selected and evaluated

Correlation between log K,..» and log K, for PP and PET

Only few studies are available to compare the correlation between log K,.w and log K,w for PP and
PET, mainly due to the lack of log K. of PAHs for these polymers.

For PP, only Lee et al. (2014) in seawater and Loncarski et al. (2021) in synthetic water, i.e. distilled
water enriched with a mixture of salts determined log Kpp.., for three or more PAHs. The experimental
data from Lee at al. (2014) in seawater was converted into log Kpp.w in distilled water using the
Setschenow constant by Jonker and Muijs (2010) and the ionic strength of seawater 0.7 mol L! by
Gonzdlez-Davila et al. (2009). For the conversion of log Kpp. for the synthetic water by Loncarski et
al. (2021), the ionic strength of the water matrix was estimated to be 5.28 x 10-3 mol L, based on
the concentration of chlorides, sulfates and bicarbonates provided by the authors (Loncarski et al.,
2021). The Setschenow constants of naphthalene, fluorene, fluoranthene and pyrene used for the
conversion are respectively 0.32 (Burant et al., 2016), 0.362 (Burant et al., 2016), 0.364 (Jonker and
Muijs, 2010) and 0.354 L mol! (Jonker and Muijs, 2010). The results are presented in Figure 9 with
the log Kpp.w from the this thesis.

Furthermore, a compilation of regression models of log Kpp. - log Kow in this thesis, Lee et al. (2014)
and Loncarski et al. (2021) are presented in Table 6 with the p-values determined using SPSS. Basic
data are listed in the Table A5.2. For coefficients of determination with a small number of data points,
it is formally true that these are generally high.
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Figure 9: Correlation of log Kep.w and log Kow from this thesis versus published studies

a converted to log Kpp.,, in fresh water based on the Setschenow constant from Jonker and Muijs (2010); ® converted to log Kpp.,, in fresh
water based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)

Table 6: SPSS analysis of log Kep.w - log Kow regression models of this thesis and models on the basis of log Kpp.w from the
literature

Reference log Koy regression models SPSS
equation R? p-value”

This thesis log Kpp.,y = 0.88 log K, - 0.09 0.997

Lee et al. (2014)¢ log Kpp.yy = 1.33 log K,y - 2.27 0.977 0.103

Lon&arski et al. (202 l)d log Kpp.,, = 0.06 log K,y + 3.95 0.754 0.001

2]log Ko values from Mackay et al. (1992); b Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference
between log Kpp.,, - log Ko, of individual study from the literature and log Kpp., - log Ko, of this thesis; ¢ Seawater log Kppsw by Lee et al.
(2014) were converted to freshwater log Kpp.,, based on the Setschenow constant by Jonker and Muijs (2010); ¢ log K.« of PAHs for PP in
the synthetic water by Loncarski et al. (2021) were converted to freshwater log Kpp.,, based on the Setschenow constant by Burant et al.
(2016) and Jonker and Muijs (2010)

As shown in both Figure 9 and Table 6, the regression model of this thesis is comparable to the
regression model based on log Kep.w by Lee et al. (2014) (p > 0.05). The log Kpp.w - log Kow regression
model based on data from Loncarski et al. (2021), however, is differs significantly from the model in
this thesis (p < 0.05). It is remarkable that log Kpp.v values of all four PAHs (naphthalene, fluorene,
pyrene and fluoranthene) are similar (4.16 - 4.29) for the PP material tested by Loncarski et al.
(2021). In particular, the extremely high log Kep.w of naphthalene for the PP material makes the slope
of the regression model by Loncarski et al. (2021) significantly smaller compared to the slope in this
thesis and Lee et al. (2014). The physicochemical properties of the PP are not provided by Loncarski
et al. (2021), except for the size of the PP (3 mm). Thus, it is difficult to explain the reason for the
high log Kpp.w value of naphthalene in their study.

For PET, log Kper-w determined in Milli-Q water, distilled water or fresh water are not available for
comparison or verification of the results using equation 15 (d) in this thesis. The only study that is
somewhat relevant to this thesis is the one by Loncarski et al. (2021), where they determined PET-
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log Kg: values in sorption experiments using synthetic water enriched with salts and Danube River
water, as they did for PP. Using the estimated ionic strength of 5.28 x 10-3 mol L of the synthetic
water and the Setschenow constants of naphthalene 0.32 (Burant et al., 2016), fluorene 0.362
(Burant et al., 2016), pyrene 0.354 (Jonker and Muijs, 2010) and fluoranthene 0.364 L mol! (Jonker
and Muijs, 2010), the log Kper.w values of these PAHs in synthetic water with salts were converted to
log Kper.w in fresh, distilled water.

The converted log Keer.w by Loncarski et al. (2021) and the log Keer.w of this thesis are plotted against
log Kow and shown in Figure 10. Basic data are shown in the Table A5.3.
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Figure 10: Correlation of log Keer-w and log Kow from this thesis versus Lon¢arski et al. (2021)

2 log Kper.w values of four PAHs in synthetic water by Lonéarski 2021 were converted to log Kpgrw in fresh water, based on the Setschenow
constant from Burant et al. (2016) and Jonker and Muijs (2010)

From the log Kper.w - log Kow plot in Figure 10, the regression models of this study and Loncarski et
al. (2021) are compared with the p-values generated using SPSS (Table 7).

Table 7: SPSS analysis of log Kper.w - log Kow regression model of this thesis and modelled equation on the basis of log Kper-
w by Loncarski et al. (2021)

Reference log K,y regression models SPSS
equation R2 p—valueb

This thesis log Kpgr.w = 0.14 log K, + 2.22 0.964

Londarski et al. (2021)¢  log Kpgr.w = 0.16 log Koy, + 3.87 0.293 0.232

2 ]log Kow values from Mackay et al. (1992); P Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference
between log Kppr.w - log Koy of individual study from the literature and log Kpgr.w - log Koy, of this thesis; © log Kg, of PAHs for PET in the
synthetic water by Lonéarski et al. (2021) were converted to freshwater log Kpgr based on the Setschenow constant by Burant et al. (2016)
and Jonker and Muijs (2010)
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The regression models in this thesis and Loncarski et al. (2021) show a similarity in slope (0.14 and
0.16, respectively) and a difference in intercept (2.22 and 3.87, respectively). This indicates a similar
increase in sorption capacity on PET according to PAH hydrophobicity increase, regardless of the PET

type.

5.2. Correlation of log Kp.w and MW of this thesis

The correlation of the plastic-water partition coefficient based on the partition coefficient of the
Freundlich isotherm model from chapter 4 and the molar weight of naphthalene (128.16 g mol),
fluorene (166.21 g mol ') and phenanthrene (178.22 g mol!) by Mackay et al. (1992) is described in
this chapter.

The linear regressions between log Kp.w (i.e. 1og Kippg-w, 10g Kep.w, 10g Kees-w and log Kperw) and the
MW of PAHs for LDPE, PP, PBS and PET are presented in Figure 11 (left) and shown in equations 16

(@ - (d:

log K;ppg—w = 0.027 * MW — 0.572 (Rz2 =0.992) equations 16 (a)
logKpp_,, = 0.019 « MW + 0.430 (R2 = 0.999) equations 16 (b)
log Kpgs_y, = 0.033 * MW — 0.982 (R2=0.914) equations 16 (c)
log Kpgr—yw, = 0.003 %« MW + 2.302 (R2 =0.970) equations 16 (d)

The log K, values were then modelled based on the derived equations 16 (a) - (d) with the MW
values in the range of 0 to 300 g mol! shown in Figure 11 (right).

log K.,

0 | I |
100 120 140 160 180 200 0 50 100 150 200 250 300
NAPH FLN  PHEN NAPH ~ FLN PHEN

MW (g mol %) MW (g mol?)
® PBS © LDPE A PP ® PET @ PBS - LDPE oefres PP .- @ PET

Figure 11: log Kpw regression with MW: results from the experiment (left) and log Kp-w modelled from the derived equations
(right)

The log K,.w determined from the experiments on the four tested polymers correlated positively with
MW, similar to other studies by Smedes et al. (2009), Lohmann (2012) and Choi et al. (2013). The
range of R? values in this thesis was determined at 0.914 to 0.999, which is also similar or greater
than other studies. The regressions shown on the right in Figure 11 are extrapolated regressions that
also show values outside the empirical fitting range (MW 128.16 — 178.22 g mol!). The error of the
regressions increases sharply with increasing distance from the fitting area to the edges.
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Equations 16 (a) - (d) show an increasing slope in order of PET (0.003) < PP (0.019) < LDPE (0.027)
< PBS (0.033). However, the intercept of the equation 16 (a) - (d) follows the order of PBS (-0.982)
< LDPE (-0.572) < PP (0.430) < PET (2.303), showing a contrary tendency compared to the slope.
As a result, the equations 16 (a) - (d) lead to the assumption that the linear correlation of log Ky.w
and MW depends on the polymer type. In addition, Figure 11 (right) shows that all linear correlations
became nearly identical when MW is 115 g mol*. For an MW higher than 115 g mol!, PET has the
lowest sorption affinity and increases in order of PP > LDPE > PBS, but for an MW smaller than 115
g mol!, PET has a higher sorption affinity for PAHs in order of PP > LDPE > PBS, suggesting the
possibility that the glassy PET adsorbs more PAHs with lower hydrophobicity. However, the equations
16 (a) - (d) were limited by the range of the tested PAHs represented by their MW, but within this
MW range all equations had a coefficient of determination (R?) higher than 0.914.

5.2.1. Correlation between log Kippe-w and MW from this thesis versus published studies

Some regression models for the correlation between log Kippe.w and MW were published by Smedes
et al. (2009), Lohmann (2012) and Choi et al. (2013). The log Kippew - MW correlation of this
dissertation and other researchers are presented in Figure 12 and the basic data in Table A5.4. The
modelled log Kippe.w values using equation 16 (a) are in the range of reported values (Smedes et al.,
2009; Lohmann, 2012; Choi et al., 2013).
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Figure 12: Correlation of log Kippew and MW from this thesis versus published studies

2 log Kippr.w Of 17 parent PAHs were presented

In Table 8 the regression models by Smedes et al. (2009), Lohmann (2012), Choi et al. (2013) and
the model derived from this thesis are presented. All regression models have a positive slope and an
intersection between -1.19 to 0.109 with an R2 > 0.90, indicating that MW is a property to estimate
log Kippe-w. Furthermore, the statistical software SPSS was used to determine p-values for slopes and
intersections by comparing reported linear regression models and the model from this thesis (Table

Correlations of PAH properties and log Kp-w 39



8). The p-value showed no significant difference between the results from this thesis and Smedes et
al. (2009), Lohmann (2012) and Choi et al. (2013). All p-values from Table 8 reached a higher value
than 0.05. Furthermore, the influence of different experimental setups of a co-solvent model (Smedes
et al., 2009), a regression model based on 17 parent PAHs (Choi et al., 2013), as well as the regression
model by Lohmann (2012) based on n = 65 log Kippe.w MW values of different authors seems to be
negligible.

Finally, the log Kippe.w - MW regression model from this thesis relates moderately to the reported log
Kippe-w - MW regression model by other authors, suggesting that the experimental setup was adequate
for PAHs with an MW ranging from 128.18 to 178.24 g mol!.

Table 8: SPSS analysis of log Kippe-w - MW regression of this thesis and literature regression models

MW regression models SPSS
Reference
equation R2 p-value®
present study log K; ppgw = 0.027 MW - 0.573 0.992
Choi et al. (2013)>  log Kippp.w = 0.0235 MW + 0.109 0.97 0.424
Lohmann (2012) log K; ppgw = 0.025 (£ 0.001) MW - 0.149 (£ 0.217) 0.90 0.997
Smedes et al. (2009) log K;ppg.w = 0.031 MW - 1.19 0.99 0.202

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kippr.w - MW of individual
study from the literature and log Kippr.w - MW of this thesis; 17 parent PAHs were selected and evaluated

5.2.2. Correlation between log K,.w and MW for PP and PET

Only few studies are available to compare the correlation between log K,.w and MW for PP and PET,
mainly due to the lack of log K. of PAHs for these polymers.

However, there are two data sets for PP from Lee et al. (2014) in seawater and Loncarski et al. (2021)
in distilled water enriched with a mixture of salts that determined log Kpp.w for three or more PAHs
(Table A5.5). Both data sets were transformed into log Kpp. in distilled water using the Setschenow
constant by Jonker and Muijs (2010) and the ionic strength of seawater 0.7 mol L' (Gonzalez-Davila
et al., 2009) for Lee et al. (2014), and the ionic strength of the water matrix of 5.28*10% mol L! for
Loncarski et al. (2021). Setschenow constants of naphthalene, fluorene, fluoranthene and pyrene
used for the conversion are presented in the previous chapter 4. The results of the transformed log
Kpp.w values are presented in Figure 13.
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Figure 13: Correlation of log Kep.w and MW from this thesis versus published studies

a converted to log Kpp.,, in fresh water based on the Setschenow constant from Jonker and Muijs (2010); ® converted to log Kpp.,, in fresh
water based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)

Table 9: SPSS analysis of log log Kep.w - MW regression models of this thesis and models on the basis of log Kpp.w from the

literature
MW regression models SPSS
Reference
equation R2 p-value®
This thesis log Kpp.,y = 0.019 MW + 0.430 0.997
Lee et al. (2014)b log Kpp.,, = 0.027 MW - 1.010 0.991 0.030
Lon¢arski et al. (2021)¢  log Kpp.,, = 0.001 MW + 3.972 0.687 0.004

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kpp.,, - MW of individual study
from the literature and log Kpp., - MW of this thesis; > Seawater log Kppw by Lee were converted to freshwater log Kpp.y based on the
Setschenow constant by Jonker and Muijs (2010); ¢ Ky, of PAHs for PP in the synthetic water by Lon¢arski et al. (2021) were converted to
freshwater log Kpp., based on the Setschenow constant by Burant et al. (2016) and Jonker and Muijs (2010)

As shown in Figure 13 and Table 9, the log Kpp.w - MW regression model of this thesis and the
regression model based on data by Lee et al. (2014) and Loncarski et al. (2021) resulted in p-values
< 0.05, indicating significant differences of slope and intercept. The log Kpp.w values of Loncarski et
al. (2021) for naphthalene, fluorene, pyrene and fluoranthene are within a 0.13 order of magnitude.
Since the log Kpp.w of naphthalene is so high, the slope of the regression model by Loncarski et al.
(2021) is significantly smaller compared to the slope in this thesis and Lee et al. (2014). Apart from
the size of PP (3 mm), no other polymer properties were specified by Loncarski et al. (2021).
Therefore, it is difficult to explain the reason for the high log Kpp.w value of naphthalene. A comparison
with Lee et al. (2014) shows that both density and particle distribution of the PP particles are in the
same order of magnitude as this thesis, but are not specified further. Therefore, an influence of PP
properties and the experimental setting in seawater, which could have led to a significant difference,
cannot be excluded for the log Kpp.w - MW regression model.

In the case of log Keer.w for distilled water or fresh water, there is no data available to confirm the
results from equation 16 (d) in this thesis. However, Loncarski et al. (2021) was the only study that
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could be relevant to the determined PET-log K. values of this thesis, although the experimental
setting was performed in synthetic water that has been enriched with salts, as they did for PP. An
ionic strength 5.28%102 mol L! and the Setschenow constants of naphthalene 0.32 (Burant et al.,
2016), fluorene 0.362 (Burant et al., 2016), pyrene 0.354 (Jonker and Muijs, 2010) and fluoranthene
0.364 L mol! (Jonker and Muijs, 2010) were estimated for the conversion from the log Kpgr.sw in
synthetic water to log Kper.w in fresh water and distilled water.

In Figure 14, the converted log Kper.w by Loncarski et al. (2021) and the log Kperw of this thesis are
plotted against MW (basic data are listed in Table A5.6).
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Figure 14: Correlation of log Keer-w and MW from this thesis versus Lonc¢arski et al. (2021)

2 Log Kper.w values of four PAHs in synthetic water by Loncarski et al. 2021 were converted to log Kper. in fresh water, based on the
Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)

Table 10: SPSS analysis of log Keerw - MW regression models of this thesis and modelled equation on the basis of log
Kperw by Londarski et al. (2021)

MW regression models SPSS
Reference
equation R2 p-value®
This thesis log Kpgr.ywy = 0.003 MW + 2.302 0.970
Londcarski et al. (202 ])b log Kpgr.y = 0.004 MW + 3.865 0.312 0.252

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kpgr.., - MW of individual study
from the literature and log Kpgrw - MW of this thesis; ® log Kg, of PAHs for PET in the synthetic water by Londarski et al. (2021) were
converted to freshwater log Kppr.w based on the Setschenow constant by Burant et al. (2016) and Jonker and Muijs (2010)

The regression models in the present thesis and Loncarski et al. (2021) show a similarity in intercept
(2.302 and 2.063, respectively) and difference in slopes (0.003 and 0.015, respectively), but a
p-value of > 0.05. This indicates a good comparability for PAHs with MW < 202,23 g mol.
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5.3. Correlation of log Kp.w and log C.*?* of this thesis

Furthermore, Lohmann (2012) correlated the logarithmic aqueous solubility (log Cw*) of 19 different
PAHs with n = 65 partition coefficients of published literature values, resulting in the best correlation
in his study. Although Lohmann (2012) represented the only study case of pairing log Cu% and
polyethylene partition coefficients, this approach is also being examined for further polymers in the
scope of this thesis. The log Cy* - values for PAHs mentioned here based on linear correlation of MW
and log C*a developed by Ma et al. (2010). The linear correlation of plastic-water partition coefficient
log Kg: from chapter 4 and the logarithmic aqueous solubility (log Cw*2) of naphthalene (-0.01 mol
m3), fluorene (-1.23 mol m) and phenanthrene (-1.61 mol m) will be investigated in this section.

The following equation by Ma et al. (2010) was used to calculate log C,*:
log C,,°* (mol m=3) = —0.032 * MW (g mol™1) + 4.09 equation 17

The linear regressions between log K. (i.e. log Kippg.w, 10g Kpp.w, l0g Keps.w and log Kpgr.w) and log
Cw*a of PAHs for LDPE, PP, PBS and PET are presented in Figure 15 (left) and shown in equations 18
(@) - (d):

log K;ppr—w = —0.851 *log C,,**" +2.907 (R2 = 0.992) equations 18 (a)
logKpp_w = —0.599 xlogC,,** +2.880 (R2 = 0.999) equations 18 (b)
log Kpps—w = —1.038 xlogC,,** +3.263 (R2 = 0.914) equations 18 (c)
log Kpgr—w = —0.092 xlogC,,** +2.681 (R2 = 0.970) equations 18 (d)

The log K. values were then modelled based on the derived equations 18 (a) - (d) with the log Cu5
values in the range of 0 to -5.5 mol m3, as shown in Figure 15 (right).

log K.,
log K.,
&

25 2,0 1,5 -1,0 05 0,0 0,5 6 - - - -
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log C,** (mol m3) log C,** (mol m)
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Figure 15: log Kp.w regression with log Cwsa": results from the experiment (left) and log Kpw modelled from the derived
equations (right)

The log Ky determined from the experiments on the four tested polymers correlated negatively with
log Cw*®, similar to Lohmann (2012). The range of R? values in this thesis was determined from 0.914
to 0.999, which are also similar or greater than the R? of the published study. The regressions shown
on the right in Figure 15 are extrapolated regressions that also show values outside the empirical
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fitting range (log log C** -1.61 to -0.01 mol m™). The error of the regressions increases sharply with
increasing distance from the fitting area to the edges.

The slopes of equations 18 (a) - (d) illustrate that the negative slope decreases with increasing
sorption capacity of the plastics from -1.038 (PBS) < -0.851 (LDPE) < -0.599 (PP) < -0.092 (PET),
while the intercept decreased from PBS (3.263) > LDPE (2.907) > PP (2.880) > PET (2.681). In
Figure 15 b), the log K,.w's for the 16 EPA PAHs were extrapolated using equations 18 (a) - (d) and
log Cy*2t according to Ma et al. (2010). However, the equations 18 (a) - (d) were limited by the range
of the tested PAHs represented by their log C,**, but within this log C.* range all equations resulted
in a good accuracy.

5.3.1. Correlation between log Kippe-w and log Cu* from this thesis versus published
studies

Since there is just one other study that correlated log C.* and plastic-water partition coefficient for
polyethylene (Lohmann, 2012), no further comparisons of the remaining polymers can be made.
Lohmann (2012) has used a data set of n = 65 log Kpg.w to derive the linear regression model shown
in Table 11. According to the SPSS-value of value (0.796), there is no significant difference between
the regression model of this thesis and Lohmann (2012).

Table 11: SPSS analysis of log Kpe-w — log Cws2t regression models of this thesis and Lohmann (2012)

log C,,** regression models SPSS
Reference
equation R2 p-value®
This thesis 1og Kyppr = -0.851 log C,* + 2.907 0.992
Lohmann (2012) log Kpg.,, = -0.845 (+ 0.027) log G,,* + 2.851 (+ 0.071) 0.94 0.796

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kpgr.. - MW of individual study
from the literature and log Kpgr.w - MW of this study

Both models from Table 11 are visualized in Figure 16 and affirm that there is no significant difference
between the existing linear regressions. However, references were missing for equations 18 (b) - (d)
in order to make a comparison.
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Figure 16: Correlation of log Kpe.w and log Cw®2t from this study versus Lohmann (2012).

5.4. Correlation of log Kp-w and log Knaw of this thesis

Moreover, the polyethylene-water partition coefficient correlated with the hexadecane-water
partition coefficient (log Knaw) of PAHs by Lohmann (2012) shows a standard deviation of < 30 %.
Hence, the partition coefficient of the Freundlich isotherm model as well as log Knaw Will be analysed
in this section. The log Knaw of the tested PAHs (naphthalene = 3.65, fluorene = 4.63 and
phenanthrene = 4.97) were evaluated using equation 19 by Schwarzenbach et al. (2003):

log Kpgw (=) = 1.21 xlog Ky, (—) — 0.43 equation 19

The linear regressions between log K,.w (i.e. 1og Kippe-w, l0g Kpp.w, log Kees.w and log Keer-w) and log
Khaw of PAHs for LDPE, PP, PBS and PET are presented in Figure 17 (left) and shown in equations 20

(a) - (d):

log K;ppg—w = 1.040 x log K4, — 0.876 (Rz2 =0.995) equations 20 (a)
log Kpp_,, = 0.731%logKy4, + 0.224 (Rz2 =0.997) equations 20 (b)
log Kpgs—y, = 1.274 *logKpqy, — 1.374 (R2=0.924) equations 20 (c)
log Kpgr—w = 0.113 *log Kpqy, + 2.272 (Rz2 =0.964) equations 20 (d)

The log K,.w values were then modelled based on the derived equations 20 (a) - (d) with log Khaw
values in the range of 0 to 8 shown in Figure 17 (right).
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Figure 17: log Kpw regression with log Knaw: results from the experiment (left) and log Kp-w modelled from the derived
equations (right).

The log K, determined from the experiments on the four tested polymers showed positive
correlations with log Knaw, similar to Lohmann (2012). In this thesis, the coefficient of determination
was within a range from 0.924 to 0.997. The regressions shown on the right in Figure 17 are
extrapolated regressions that also show values outside the empirical fitting range (log Knaw 3.65 -
4.97). The error of the regressions increases sharply with increasing distance from the fitting area to
the edges.

Equations 20 (a) - (d) illustrated an increase in slope with increasing sorption capacity for the tested
plastics (1.274 (PBS) > 1.040 (LDPE) > 0.731 (PP) > 0.113 (PET)), while the intersection decreased
from PET (2.272) > PP (0.224) > LDPE (-0.876) > PBS (-1.374). In Figure 17 on the right, the log
Ky-ws for the 16 EPA PAHs were extrapolated using equations 20 (a) - (d) and log Knaw according to
Schwarzenbach et al. (2003). Furthermore, an intersection point of all four linear regressions showed
up around log Knaw 3.20, which is the lowest PAH, naphthalene. However, the equations 20 (a) - (d)
were limited by the range of the tested PAHs represented by their log Khaw, but within this log Knaw
range, all equations resulted in a good accuracy.

5.4.1. Correlation between log Kippe-w and log Knaw from this thesis versus published
studies

Since there is just one other study that correlated log C.5* and plastic-water partition coefficient for
polyethylene (Lohmann, 2012), no further comparisons of the remaining polymers can be made.
Lohmann (2012) has used a data set of n = 65 log Kpg.w to derive the linear regression model shown
in Table 12. According to the SPSS-value (0.118), there is no significant difference between the
regression model of this thesis and Lohmann (2012).

Table 12: SPSS analysis of log Kpe-w — log Kndw regression models of this thesis and Lohmann (2012)

log Kyqw regression models SPSS
Reference
equation R2 p-value®
This thesis log Ky ppr.w = 1.040 log Kyg,, - 0.851 0.995
Lohmann (2012) log Kpg.w = 1.007 (+ 0.038) log Kpgw - 0.790 (+ 0.220) 0.92 0.118

2 Calculated p-value by SPSS; p > 0.05 no significant difference; p < 0.05 significant difference between log Kpgr.. - MW of individual study
from the literature and log Kpgr. - MW of this study
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Both models from Table 12 are visualized in Figure 18, which confirms that there is no significant
difference between the existing linear regressions. However, references were missing for equations
20 (b) - (d) in order to make a comparison.
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Figure 18: Correlation of log Kpe-w and log Kndaw from this study versus Lohmann (2012).

Summary

In this research, sorption isotherm experiments were conducted and log K. of three PAHs,
naphthalene, fluorene and phenanthrene, on three conventional polymers (LDPE, PP, PET) and one
biodegradable polymer PBS with the size of approx. 500 um in dso were determined. To the best of
knowledge, this is the first study that calculated log Kp.w values of naphthalene and fluorene for PBS
as well as log K,.w of naphthalene, fluorene and phenanthrene for PET in salt-free water.

Both the Freundlich and linear models fit the experimental data well, with R2 > 0.80 and R2 > 0.82,
respectively, except for phenanthrene on PET. In this thesis, the reproducibility in calculating
log K,.w was significantly better when applying the Freundlich isotherm model. The log Kp. using the
Freundlich model increased in order of PET < PP < LDPE < PBS for all tested PAHs. The results of
this thesis show that physicochemical properties of the polymer materials must have influenced the
sorption of these PAHs in the water phase.

Furthermore, a correlation between log K,-w, MW, log C,*%, log Knaw and the partition coefficient of
the Freundlich model for the selected PAHs and four polymers was investigated. Significant linear
correlations were observed between log K. and log Kow of the tested PAHs for LDPE, PP, PBS and
PET, with R?s of 0.995, 0.997, 0.924 and 0.964, respectively. All regression models showed a unique
correlation depending on the polymer type. In terms of LDPE, the log Kippe.w - log Kow regression
model in this thesis showed no significant difference compared to published ones, which shows that
the validity of this experimental settings were adequate. For PP, PBS and PET, log K. - log Kow
regression models were developed for the first time. These models can be applied to estimate log
K,.w values of other PAHs with an adequate accuracy, especially three-ring PAHs with log K, values
between 3.35 and 4.45 for LDPE, PBS, PP and PET.
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The correlation of MW and the LDPE Freundlich partition coefficient showed a good accuracy and
had no significant difference with published data. However, for PP, PET and PBS, there are a few
publications available showing no significant difference for PET, but for PP. In the case of PBS, there
is no comparable data set available for further investigation. For PP, PBS and PET, log K;.w - MW
regression models were developed for the first time. These models can be applied to estimate log Kp.
w values of other PAHs with good accuracy, especially three-ring PAHs with log MW values between
128.16 and 178.22 g mol! for LDPE, PBS, PP and PET.

Since MW and log K,w showed good correlation with partition coefficient, especially for LDPE,
aqueous solubility based on MW-values as well as log Knaw-values, which are based on log Kow, showed
a similar accuracy. Published data for PP, PET, as well as PBS were not available for log C,** and log
Knaw. Therefore, a comparison with literature data for PP, PET and PBS cannot be made. However,
one data set each for log C,* and log Knaw can be compared with the results of this thesis and shows
no significant difference.
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6. Correlations of plastic properties and log Kp-w

In chapter 6, linear correlations of plastic-water partition coefficients in this thesis and plastic
properties were determined and compared with published data.

6.1. Characterization of the microplastics

The thermal properties (crystallinity = X., glass transition temperature = Ty, melting temperature
Tm), surface structures (surface area = SA, pore volume = Vp), density (p) and median diameter of
the plastic particles (dso) were analysed to identify differences between the plastic materials used. In
Table 13, all results of LDPE, PP, PBS and PET are listed with the same sizes used for the
determination of log K., in the laboratory. In order to determine the surface free energy (SFE)
including the dispersive and polar proportions, plates of the selected plastic type were used.

6.1.1. Literature values of plastic properties

The following plastic properties were taken from the relevant sorption studies on the one hand and
from further literature on the other. Density, thermoplastic properties and surface free energy are
specific plastic properties. As only a few details of these plastic properties are available in the sorption
studies, values and value ranges from the general literature are used, as these are generally valid.

In the literature, the density range is between 0.91 and 0.93 g cm™ for LDPE (Lambert and Wagner,
2018), while for PBS the range is between 1.24 and 1.26 g cm™ (Lin et al., 2020), for PP between
0.85 and 0.93 g cm™ (Andrady, 2011), and for PET between 1.34 and 1.41 g cm™ (Lambert and
Wagner, 2018; Brignac et al., 2019), respectively.

Materials used for sorption test varied in their thickness between 12 and 100 um for LDPE (J. Wang
et al., 2019; Cornelissen et al., 2008), 150 and 200 um for PBS (Zhao et al., 2020), and 12.5 and
3000 um for PP (J. Wang et al., 2019; Loncarski et al., 2021). The material thickness of the only
relevant PET sorption test is 3000 um (Loncarski et al., 2021).

Furthermore, the surface area in relevant sorption studies is 1.58 m? g! for LDPE (J. Wang et al.,
2019), 0.04 m? g'! (Zhao et al., 2020) for PBS, 0.207 — 3.327 m? g'! for PP (J. Wang et al., 2019), and
0.164 m? g'! for PET (Loncarski et al., 2021). The only available pore volume in the relevant sorption
studies is given in the literature by Zhao et al. (2020) for PBS as 0.66E-4 cm? g'.

In the general literature, the glass transition temperature for LDPE is -118.1 °C (Khonakdar et al.,
2007), for PBS between -28.5 °C (L. Wang et al., 2019) and -33.8 °C (Qiu et al., 2003), for PP from
-11.15 °C (Gan et al., 1985) to -8.85 °C (Nitta and Takayanagi, 1999), and for PET is 78 °C (Lotti et
al., 2013). In addition, published melting temperature is between 106 °C (Prasad, 1998) and 120.08
°C (Zaky and Mohamed, 2010) for LDPE, between 100 °C (Shen, 2023) and 116.4 °C (L. Wang et al.,
2019) for PBS, 164.85 °C (Nitta and Takayanagi, 1999) for PP and 252 °C (Lotti et al., 2013) for PET.
In further studies, the crystallinity for LDPE, PBS, PP and PET is given in the range between 33.6 %
(Chen et al., 2020) and 60.0 % (Lambert and Wagner, 2018), 35.0 % (Zhang et al., 2012) and 65.6
% (Jin et al., 2014), 33.6 % (Thumsorn and Srisawat, 2014) and 58.1 % (Yang et al., 2016), and 2.0
% (Mishra and Deopura, 1989) and 40.0 % (Ehrenstein, 2012), respectively.
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The SFE is specifed in the literature between 21.15 (Phokhaphaiboonsuk et al., 2012) and 33.8 mN
m! (Aktas et al., 2023), 46.4 mN m'! (Valerio et al., 2018) and 48.6 mN m! (Wu et al., 2012), 20.2
mN m? (Fenouillot et al., 2009) and 30.75 mN m (Krasny et al., 2012), 26.84 mN m! (Pandiyaraj
et al., 2012) and 48.2 mN m™ (Struller et al., 2014) for LDPE, PBS, PP and PET. All literature values
are summerised in Table 13.

6.1.2. Measured plastic properties of this thesis compared with literature plastic
properties

Four types of pre-production plastic resin pellets, PBS, LDPE, PP and PET, and their density were
provided by CARAT GmbH (Germany) and are listed in Table 13.

The dso of the plastic particels were measured with a Malvern Mastersizer 3000 (Malvern Panalytical
Ltd, United Kingdom) at the Technical University of Darmstadt (Germany). All four different plastic
type samples were measured in a solution of technical grade Sodium dodecylbenzenesulfonate from
Sigma Aldrich (USA) 0.5 weight-% and Milli-Q water (conductivity < 0.056 uS cm* at 25 °C) at 1700
rpm propeller rotation and 10 % ultra sonic ratio. In this case Sodium dodecylbenzenesulfonate was
used in order to reduce surface tensions and increase wetting behaviour of the microplastic particles.
Particle propotion was measured with shadowing of the Malvern instruments in the range of 5 to 10
% for the whole measurement sequence. Each plastic type sample was measured eight times for 20
seconds. The average dso value of each selected plastic material is listed in Table 13.

Brunauer-Emmett-Teller surface area (SA) and pore volume (Vp) of the plastic particles were
determined by 3Flex (Micromeritics, Norcross, USA) at Fraunhofer Institut Alzenau (Germany) with
N, adsorption-desorption in isotherm measurements. The results are listed in Table 13.

The thermal plastic properties glass transition temperature (Tg), melting temperature (Tn) and
crystallinity (X.) were measured with the Netzsch DSC (200 F3, Germany) at the Technical University
of Darmstadt (Germany). The DSC analysis started at a minimum temperature of -100 °C and was
heated up to a maximum of 250 °C at a rate of 10 °C/min. The T, characterises the state of amorphous
regions of a polymer material under a certain temperature. At T,, the amorphous domain of a polymer
is transformed from a glassy (below T,) into a rubbery (above Ty) state (Endo and Koelmans, 2016;
Sgrensen et al., 2020; Torres et al., 2021). The T, of PP, PBS and PET were -18.5, -28.5 and 78 °C
respectively. The Ty of LDPE could not be measured with DSC. For LDPE, a T, literature value was
reported at -118.1 °C (Khonakdar et al., 2007). Thus, amorphous domains of LDPE, PP and PBS at
ambient temperature are in a rubbery state, whereas that of PET is in a glassy state. The results of
this thesis show that polymers whose amorphous domains at ambient temperature are in a rubbery
state have a higher crystallinity than polymers in a glassy state. X. decreases in order of PBS (59.4 %)
> LDPE (47.8 %) > PP (40.1 %) > PET (5.3 %), while T, increases in order of PBS (90.3 °C) < LDPE
(111.8°C) < PP (166.3 °C) < PET (251.5 °C). Since all tested polymers had a mixture of crystalline
and amorphous structures, they were classified as semicrystalline polymers (Goodship et al., 2015).
When the portion of X. in a polymer is > 0 % and < 100 %, they are called semicrystalline. The
crystallinity was determined by setting the measured melting enthalpy (AHm - AH,) in relation to the
literature value AHmo for a completely crystalline material. The X. is calculated using the following
equation:

AHy—AH,

X (%) = AHomo

equation 21
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Where AHn, (J g1) is the heat of melting, AH. (J g*') is the cold crystallization determined by
integrating the peaks and AHny is the reference value for a 100 % crystalline polymer.

Regarding other physical properties, PP had the highest pore volume among the four tested polymer
materials and a much higher BET surface area (Brunauer, Emmett, Teller) than the other three
polymer materials (Figure A6.9-A6.12).

The contact angle was determined with the drop shape analysis system DSA100 Kriiss GmbH at
Polymer Service GmbH Merseburg (Germany). Distilled water, diiodomethane and ethylene glycol
were used as test liquids. The drops were automatically deposited at a volume of 2 uL. Each sample
was placed on a line of eight drops with 4 mm drop spacing and then measured.

After completing the measurements, the analysed area was cleaned with compressed air and the new
row of drops was placed at a distance of approximately 8 mm from the previous row. The
measurement of the right and left contact angle of each drop was made 10 times with a time interval
of 1 s. The arithmetic mean was obtained from these 10 individual measurements of the contact angle.
The surface free energy was calculated based on the Owens, Wendt, Rabel and Kaelble (OWRK)
standard model for solid objects from the contact angles of different test liquids. The results, including
standard errors of the disperse, polar and sum of disperse, and polar proportions SFE are presented
in Table 13.

Furthermore, in Table 13 all physical and thermal plastic properties of this thesis are compared with
literature values.

Table 13: Physical and thermal properties of polymers used for the sorption experiments and literature values

Sorbent LDPE PBS PP PET
this thesis literature this thesis literature this thesis literature this thesis literature
p(gem?) 0.92 0.91 - 0.93" 1.24 1.24-1.26° 0.91 0.85-0.93% 1.34 1.34' - 1.41*
dso (um) 455 12°-100° 535 150 - 2007 536 12.5° - 3,000° 658 3,000°
SA (m> g™) 3.16 1.58° 2.77 0.04” 11.44 0.207 - 3.327° 4.24 0.164°
Vp (em®g ™) 0.0020 / 0.0018 0.66 E -47 0.0073 / 0.0028 /
Tg (°C) -118.1° / -45.0 -33.8"°--28.5" 2.6 -11.15" - -8.85" 78.0 78.0"
T (°C) 111.8 106.00™° - 120.08° 90.3 100.00"7 - 116.40" 166.30 164.85" 251.50 252.00"
X (%) 47.8"% 33.6' - 60.0 59.4%° 35.0%' - 65.6% 40.1% 33.6%*-58.1%° 5.3%¢ 2.0%7 - 40.0%
¥ SFE® (mN m™) 25.4+0.3 21.15% - 33.80%° 58.4+9.03  46.40% - 48.60% 25.6+1.29 20.20%-30.75* 52.8+8.1 26.84%-48.20+1.3%
SFE dispers SFE (mN m™) 25.0+0.27 / 43.8+561  32.40%-39.90% 24.1+1.05 19.80%-8.25% 42.5+5.33 20.95% - 38.60 + 0.9°°
polar SFE (mN m™) 0.4 +0.04 / 14.6 +3.43 14.00°! - 8.70% 1.2£0.24  0.40%-22.50* 10.2£2.77 5.89°-9.60 + 0.9%°
R2 0.999 / 0.993 / 0.995 / 0.991 /

! Lambert and Wagner (2018); 2 Lin et al. (2020); 3 Andrady (2011); 4 Brignac et al. (2019); > J. Wang et al. (2019); ¢ Cornelissen et al.
(2008); 7 Zhao et al. (2020); & Lonc¢arski et al. (2021); ® Khonakdar et al. (2007); 1° Qiu et al. (2003); ' L. Wang et al. (2019); 2 Gan et
al. (1985); 13 Nitta and Takayanagi (1999); 4 Lotti et al. (2013); !5 Prasad (1998); ¢ Zaky and Mohamed (2010); '7 Shen (2023); 8
melting enthalpy of 100 % crystalline LDPE AH® = 288 J g'! (Khonakdar et al., 2007); ° Chen et al. (2020); 2° melting enthalpy of 100 %
crystalline PBS AH® = 110.5J g'! (Xu et al., 2008); 2! Zhang et al. (2012); 22 Jin et al. (2014); 2% melting enthalpy of 100 % crystalline PP
homopolymer AH? = 209 J g!' (Gahleitner et al., 1999); 2* Thumsorn and Srisawat (2014); 25 Yang et al. (2016); 2¢ melting enthalpy of
100 % crystalline PET amorphous AH? = 140 J g' (Badia et al., 2012); 27 Mishra and Deopura (1989); 2% Ehrenstein (2012); 2°
Phokhaphaiboonsuk et al. (2012); 3° Aktas et al. (2023); 3! Valerio et al. (2018); 32 Wu et al. (2012); 32 Fenouillot et al. (2009); 34 Krasny
et al. (2012); 35 Pandiyaraj et al. (2012); 3¢ Struller et al. (2014)

2y SFE = sum of disperse and polar surface free energy

Table 13 shows that the density and crystallinity values of all four different plastic types of this thesis
are within the range of the literature values. In case of dso, only the value of PP is within the range of
the literaure values. All surface area values of published studies are lower than that of this thesis, and
the only available PBS pore volume value of a sorption study was also lower than that of this thesis.
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While the T, value of PBS and PP in this thesis is outside literaure values, the T, value of LDPE in this
thesis is already a literature value and the value of PET perfectly matches with the literature as well.
In addition, the Ty, value of PP and PET only differ from literature values in the single-digit or decimal
range and the LDPE value in this thesis is within the range of the literature, with the exception of
PBS, which is outside the literature range.

Published surface free energy data of LDPE range from 21.15 to 33.8 mN m (Phokhaphaiboonsuk et
al., 2012; Krasny et al., 2012; Chaudhari et al., 2012; Habib et al., 2019; Aktas et al., 2023) for
untreated and ungrafted LDPE respectively shows that LDPE as a polymer type can have different
surface free energies. The sum of dispersive and polar surface free energy measured for LDPE is within
the range of previous data from literature, which indicates that the tested LDPE is an average LDPE
material. However, >’ SFE of PP is 5.15 and 4.5 order of magnitude lower than published data by
Krasny et al. (2012) and Mamunya et al. (2016) respectively, but 5.4 mN m! higher than the } SFE
by Fenouillot et al. (2009). The tested PP is also within the average of various previously tested PP
materials. The results of PBS for the )’ SFE listed in Table 13 is higher than the Y’ SFE from Wu et al.
(2012) at 48.6 mN m! and Valerio et al. (2018) at 46.4 mN m™!, while the polar SFE by Valerio et al.
(2018) is in the same order of magnitude as this thesis, with 14 mN m™ and 14.6 + 3.43 mN m!
respectively. However, Valerio et al. (2018) did not specify any further PBS properties, which makes
a comparison difficult. The difference of Y’ SFE reported by Wu et al. (2012) and this thesis could
have been caused by the higher melting temperatur of 112 °C, which affects not only the internal
structure, but also the surface structure.

In addition, published data for ) SFE of PET is between 26.84 and 48.20 mN m! (Pandiyaraj et al.,
2012; Giol et al., 2019; Struller et al., 2014), while ) SFE of PET calculated in this thesis is 4.60 mN
m! higher (52.80 mN m!) than that of published data. While the polar surface free energy of this
thesis is 0.6 mN m™ higher than that of Struller et al. (2014), it is 3.9 mN m with disperse surface
free energy. Disperse surface free energy of Struller et al. (2014) is 38.6 mN m™. However, Struller
et al. (2014) did not further specify the PET in the literature. Both polar and disperse surface free
energy of Pandiyaraj et al. (2012) (5.89 mN m!, 20.95 mN m) and Giol et al. (2019) (7.7 mN m,
35.9 mN m!) are lower than the surface free energies of PET listed in Table 13. Giol et al. (2019)
specifies the PET density between 1.3 and 1.4 g cm3, while Pandiyaraj et al. (2012) gives no further
details. Figure 19 illustrates the drip image capture of distilled water, dilodomethane and ethylene
glycol on the tested polymers LDPE, PP, PBS and PET.
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Figure 19: drip image capture of a) distilled water b) diiodomethane and c) ethylene glycol on LDPE, PP, PBS and PET

6.2. Correlation of film thickness of sorbent materials on log K,.w of selected PAHs

First, the influence of film thickness and median diameter (dso) of polymers on log Kp.. for PAHs are
looked into by comparing relevant available studies and the results from this thesis (Table A6.2 -

A6.5).

There are a fair number of studies demonstrating the log Kipee-w Of naphthalene, fluorene and
phenanthrene using LDPE (Booij et al., 2003; Adams et al., 2007; Cornelissen et al., 2008; Fernandez
et al., 2009; Smedes et al., 2009; Hale et al., 2010; Choi et al., 2013; Zhu et al., 2015; J. Wang et al.,
2019) with a film thickness between 12 um and 100 um (Table 14). These studies are compared to

the derived values using LDPE particles with the size of dso = 455 um.
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The log Kp.w value of naphthalene on LDPE particles was determined to be 2.93 + 0.33, showing no
significant differences to the data available in other literature ranging from 2.81 to 3.23 (Cornelissen
et al., 2008; Smedes et al., 2009; Choi et al., 2013; Zhu et al., 2015; Wang and Wang, 2019;). With
regard to fluorene on LDPE, the log Kippr.w Was determined to be 3.88 + 0.28, which lies between the
results from Cornelissen et al. (2008), Smedes et al. (2009), Choi et al. (2013) and Zhu et al. (2015).
For phenanthrene, the log Kippew 4.33 £ 0.10 of this thesis was somewhat higher than the results
acquired by Booij et al. (2003) at 30 °C, Adams et al. (2007), Cornelissen et al. (2008), Smedes et al.
(2009), Hale et al. (2010), Choi et al. (2013), Zhu et al. (2015) and J. Wang et al. (2019). For
example, log Kipprw Of phenanthrene is 0.03 log units higher than that reported by Adams et al.
(2007), and 0.29 log units higher than calculated by Choi et al. (2013). When compared to Booij et
al. (2003), the log Kippew value for phenanthrene falls between the two determined values by Booij
et al. (2003) despite the larger particles used in this thesis. However, all these differences are
statistically not significant (p < 0.05) in program R.

Table 14: Comparison of polyethylene-water partition coefficient

This thesis A B C D E F G H I

Polyethylene LDPE LDPE LDPE LDPE LDPE LDPE PE LDPE LDPE LDPE
Film thickness (um) 455% 70 51 100 25 70 51 51 76 12 pm
p (gem®) 0.92 0.92 0.92 0.92
SA (m*g?) 3.16 1.58
log Kypp.w/pew (L kgrl)

naphthalene 2.93+£0.33 3.04 £ 0.14 2.81+0.14 3.23+0.06 2.94+0.04 2.84+1.85

fluorene 3.88+0.28 3.67 +0.04 3.77 £0.11 3.78+0.04 4.14+0.07

phenanthrene 4.33+0.10 441£0.01 (13°C) 4.30+0.1 4.14+0.02 4.30+£0.10 4.22+0.11 4.13+0.03 4.04£0.03 4.22+0.07 4.08+3.70

4.12 £ 0.02 (30°C)

References: A (Booij et al., 2003), B (Adams et al., 2007), C (Cornelissen et al., 2008), D (Fernandez et al., 2009), E (Smedes et al., 2009),
F (Hale et al., 2010), G (Choi et al., 2013), H (Zhu et al., 2015), I (J. Wang et al., 2019)

a median diameter (dso)

Hence, it can be concluded that the size and shape of LDPE materials has no significant influence on
log Kippe-w of naphthalene, fluorene and phenanthrene when the particle size or film thickness is in
the range of 12 to 455 um.

For PP, the results of Teuten et al. (2007), Karapanagioti and Klontza (2008), Lee et al. (2014), J.
Wang et al. (2019), Zhao et al. (2020) and Loncarski et al. (2021) can be compared to the results of
this study.

Lee et al. (2014) conducted a series of sorption experiments in sea water and used a third-phase
partitioning method to determine PP-seawater partition coefficients for eight PAHs and other
hydrophobic organic compounds. Among these eight PAHs, the only result that is to be compared to
this thesis is phenanthrene. For comparison purposes, the PP-seawater partition coefficients (log
Krpsw) by Teuten et al. (2007) and Lee et al. (2014) have been converted to PP-freshwater partition
coefficients based on the Setschenow constant by Jonker and Muijs (2010), using equation 14.

The log K. of phenanthrene on PP (dsp = 536 um) of this thesis was determined to be 3.83 = 0.2,
which is just 0.1 log units higher than the PP-freshwater partition coefficient value of 3.73 by Lee et
al. (2014) (the median longest dimension: 320 - 440 um). This comparison outcome shows that log
K,.w values of phenanthrene on PP of these two studies are comparable, with a certain difference in
particle size and form. While the PP particle size of Teuten et al. (2007) is also in the three-digit
magnitude, the specific surface area is one magnitude lower than in this thesis and the seawater
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partition coefficient of Teuten et al. (2007) converted into freshwater is 0.7 log units smaller.
Furthermore, published PP partition coefficients of naphthalene and phenanthrene by Karapanagioti
and Klontza (2008) and phenanthrene by J. Wang et al. (2019) had a standard error that is one
magnitude higher compared to this study, which make a direct comparison difficult. Although, the
PP density specified by J. Wang et al. (2019) is comparable to this study, the specific surface area is
at least one magnitude lower. The reason for poor comparability with J. Wang et al. (2019) is his use
of modified talcum-filled PP versus the unmodified PP of this study. Loncarski et al. (2021) also used
PP, but with six times higher film thickness, resulting in a higher partition coefficient compared to
this study.

For PBS, a comparison with the study of Zhao et al. (2020), and for PET with the study of Loncarski
et al., (2021) can be made. When considering the PBS properties by Zhao et al. (2020), a lower film
thickness and a three times lower magnitude of specific surface area result in a lower partition
coefficient compared to this study. On the other hand, the one magnitude higher film thickness and
two times lower magnitude of specific surface area of Loncarski et al. (2021) resulted in a at least
1.29 higher partition coefficient for naphthalene and fluorene.

Table 15: Comparison of polypropylene-water partition coefficient

This thesis A B C D D E This thesis E This thesis F
Polymer PP PP PP PP PP PP PP PET PET PBS PBS
Film thickness (um) 536° 200-250 <2000 440 59 12.5 3000 658" 3000 535% 150-200
density (gcm™) 0.91 0.92 0.91 0.92 1.34 1.24
specific surface area (m’g™) 11.44 1.56 3.327 0.201 4.24 0.164 2.77 0.04
log K ,., of naphthalene 2.88+0.32 406+2.03 2.72+1.70 4.18° 2.68+0.13 4.39° 3.35+0.22
log K ,..,, of fluorene 3.64+0.35 4.16° 2.81+0.24 4.55° 4.24+0.17
log K ,.,, of phenanthrene 3.83+0.20 3.06° 2.43+1.90 3.73° 4.18+3.28 3.74+2.42 2.82+1.06 5.16+0.10 4.92

References: A: (Teuten et al., 2007), B: (Karapanagioti and Klontza 2008), C: (Lee et al., 2014), D: (J. Wang et al., 2019), E: (Lon¢arski et
al., 2021), F: (Zhao et al., 2020)

2 median diameter (dso) in wm; ® seawater log Kpp.s values were converted to freshwater log Kpp., using the Setschenow constant by Jonker
and Muijs (2010); ¢ log K. values were determined in synthetic water enriched with a mixture of salts; values are not converted to fresh
water log Kp.iv

Since not every study specifies all properties, a tendency can be seen for polymers like PP, PBS and
PET with higher particle size or film thickness resulting in higher partition coefficient. However, a
combination of particle size and further properties e.g. density or thermal properties could also
influence the sorption behaviour of these polymers.
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6.3. Correlation of log Kp-w and thermal plastic properties

In the following subchapters, the thermal plastic properties are compared with the log K. values of
this thesis.

6.3.1. Influence of glass transition temperature (T;) of the tested plastics on log Kp.w

According to Endo and Koelmans (2016), Li et al. (2018), Uber et al. (2019), J. Wang et al. (2019)
and Wang et al. (2020), sorption affinity of hydrophobic organic compounds for polymers can be, to
a certain extent, influenced by thermal properties of polymers, such as crystallinity and glass
transition temperature affects. The tendency of this log K. indicates that the state of amorphous
domains of polymers affects the sorption capacity of polymer materials, as Endo and Koelmans (2016)
and Zhao et al. (2020) mentioned. For example, PET as a glassy polymer resulted in the lowest log
Kp.w values for all three PAHs in contrast to the rubbery polymers LDPE, PP and PBS.

Based on the results of this thesis, the correlation between log K,.w and Tg (Tgope = -118.1 °C,
Tgpes = -45.0 °C, Tgpp = -2.6 °C, Tgper = 78.0 °C) is looked into for naphthalene, fluorene and
phenanthrene (Figure 20).
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Figure 20: correlation between log Kpw of selected PAHs and glass transition temperature (Tg) of the tested polymer
materials

NAPH = naphthalene, correlation between log K., of naphthalene and crystallinity R> = 0.275;

FLU = fluorene, correlation of log K;. of fluorene and crystallinity R2 = 0.644;

PHEN = phenanthrene, correlation of log K., of phenanthrene and crystallinity R> = 0.561

Figure 20 shows a decreasing tendency of log K. values by increasing T,. However, the coefficient
of determination (R?) of the correlation between log K,.w and T, for naphthalene, fluorene and
phenanthrene was determined to be 0.275, 0.644 and 0.561 respectively, showing there is a lower
accuracy for linear correlation between log K. and T,. The equations are as follows:

naphthalene: log Kp.w = -0.002 T, (°C) + 2.920 (R? = 0.275) equations 22 (a)
fluorene: log Kp.w = -0.006 T, (°C) + 3.512  (R? = 0.644) equations 22 (b)
phenanthrene: log Kp.w = -0.009 T, (°C) + 3.840 (R? = 0. 561) equations 22 (c)
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6.3.2. Influence of crystallinity (X:) of the tested plastics on log Kp-w

Table 13 listed the crystallinity (X.) of polymers analysed in this thesis in the DSC measurement
(Figure A6.1-A6.4). The PET used for this study is labelled “amorphous” PET and possesses the lowest
X. of 5.3 %, which is in the same range as reported by Wei et al. (2019). X. of all rubbery polymers
in this study are an order of magnitude higher compared to PET. The X. of the rubbery PP
homopolymer (40.1 %) in this study was 2.1 % higher than the X. of PP homopolymer determined by
Eiras and Pessan (2009). The X. of the tested polymer materials decreases in the order of PBS (59.4
%) > LDPE (47.8 %) > PP (40.1 %) > PET (5.3 %), which is a similar tendency as the log Kp.,, of all
three PAHs. Therefore, the correlation between log K,..w and X. was determined by plotting a log
Kp-w-crystallinity curve. The results are presented in Figure 21.

As shown in Figure 21, log Kp.. values correlate well with X. of polymer sorbent materials with high
R2 values. A positive correlation between log K, and X. illustrates a greater sorption affinity of
selected PAHs for polymers with higher X. (Table A6.1).
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Figure 21: correlation of log Kp-w and crystallinity (Xc)

NAPH = naphthalene, correlation of log K., of naphthalene and crystallinity of four polymers R = 0.760;
FLU = fluorene, correlation of log K,,.,, of fluorene and crystallinity of four polymers R2 = 0.994;

PHEN = phenanthrene, correlation of log K., of phenanthrene and polymer crystallinity of four polymers R2 = 0.940

Some researchers discussed their results with an assumption that sorption takes place in the
amorphous regions of polymers (Endo and Koelmans, 2016; Wang et al., 2020). However, the results
of this thesis in Figure 21 show that sorption capacity, i.e., log K,.w of all three tested PAHs, is more
clearly influenced by polymer property X. than T,. Young and Weber (1995) expected that increasing
polymer X. enhances partition coefficient for organic sorbates. Similarly, Endo and Koelmans (2016),
Li et al. (2018) and Uber et al. (2019) mentioned in their studies that an increase of X. enhances
polymer sorption ability resulting in higher partition coefficients. The results not only support the
assumption by Young and Weber (1995), Li et al. (2018), Uber et al. (2019) and Endo and Koelmans
(2016), but also demonstrate a positive and significant correlation between log K, and the X. of
sorbent polymer materials for the first time to the best of knowledge.
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Further, the results in this thesis showed a possibility of predicting the log K;.w of the selected PAHs
from the X. of sorbent polymer materials using the following equations:

naphthalene: log Kpw = 1.05 X. (%) + 2.56 (R? = 0.760) equations 23 (a)
fluorene: log Kp-w = 2.61 Xc (%) + 2.65 (R? = 0.994) equations 23 (b)
phenanthrene: log Kp-w = 4.08 X. (%) + 2.48 (R? = 0.940) equations 23 (c)

6.3.3. Influence of melting temperature (Trm) of the tested plastics on log Kp.w

Melting temperatures (Tm) of the tested polymer particles are illustrated in Table 13. Unlike Ty, at
which the glassy state of polymer materials is converted into a rubbery state (Wang et al., 2020;
Andrady, 2017; dos Santos et al., 2013; Domininghaus, 2012), T, is the temperature at which an
ordered crystalline phase of semi-crystalline polymers like PET, PP, LDPE and PBS turns into the
disordered amorphous phase (Endo and Koelmans, 2016; Balani, et al., 2015). Overall, the molecular
chain topology of the polymers influences the melting temperature. For example, double bonds,
aromatic groups and large side groups in the polymer chain can restrict the flexibility of the polymer
chains, leading to a high melting temperature.

Among the four polymer materials in this study, the melting point of PET is the highest (Tm = 251.5
°C), followed by PP (T, = 166.3 °C), LDPE (T = 111.8 °C) and PBS (Tx = 90.3 °C). The tendency
is contrary to the tendency observed with crystallinity of polymers.
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Figure 22: correlation between log Kp-w and melting temperature (Tm) of the tested polymer materials

NAPH = naphthalene, correlation of log K., of naphthalene and T, of four polymers, R? = 0.741;
FLU = fluorene, correlation of log K,,.,, of fluorene and T,, of four polymers R = 0.975;

PHEN = phenanthrene, correlation of log K., of phenanthrene and T, of four polymers R2 = 0.947

Figure 22 shows correlation between log K. and melting points of sorbent polymer materials. This
thesis found a clear negative correlation for all PAHs between log K,.w and Tm. The highest log Kp.w
values of naphthalene, fluorene and phenanthrene were determined with PBS, which exhibits the
lowest melting temperature. Endo et al. (2005) suggested that T, may affect the sorption ability of
the sorbent. Here the results confirmed that the Ty, of polymers does affect log Kp. of selected two-
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to three-ring PAHs. Similar to the results for crystallinity, this thesis demonstrates a possibility of
predicting log K. of the selected PAHs from the melting point of sorbent polymer materials using
the following equations:

naphthalene: log Kp-w = -3.35E-3 T (°C) + 3.48 (R? = 0.741) equations 24 (a)
fluorene: log Kp-w = -8.37E-3 Tn (°C) + 4.94 (R? = 0.975) equations 24 (b)
phenanthrene: log Kp-w = -1.33E-2 T (°C) + 6.09 (R? = 0.947) equations 24 (c)

Furthermore, a negative tendency of crystalline polymer values plotted against polymer Tr, was found
(Figure 23) and resulted in equation 25.
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Figure 23: correlation of plastic properties Tm and Xc

Tm = -3.03 X (%) +270.73 (R2 = 0.97) equation 25

Summary

The results of the linear regressions of semi-crystalline plastic-water partition coefficients and polymer
crystallinity as well as melting temperature of the tested polymers LDPE, PP, PBS and PET correlate
well for 2- and 3-ring PAHSs, resulting in an R2 between 0.76 - 0.99 and 0.74 - 0.98 respectively.
However, glass transition temperature value did not correlate well with plastic-water partition
coefficients. Furthermore, polymer crystallinity and melting temperature turned out to have a strong
correlation in the investigated polymers. This was the first time thermodynamic polymer properties
related to PAH plastic-water partition coefficients.
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6.4. Correlation of log Kp.w and physical polymer properties

Uber et al. (2019) demonstrated for HDPE that the sorption of organic compounds depends on the
molar volume and therefore on the density as well as the crystallinity of the polymer. However, the
correlation of the partition coefficient and the density for HDPE was not directly applicable across
different polymer types. As shown in Figure 24 the tested polymer materials resulted in a low
coefficient of determination (R2), from 0.001 for NAPH < 0.053 for PHEN < 0.152 for FLN for linear
correlation. These results underscored the thesis that several physicochemical properties affect the
sorption behaviour of dissolved hydrophobic compounds on plastic materials.
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Figure 24: Correlation of density and log Kp-w

The surface area, pore volume, disperse and polar proportion of surface free energy (SFE), as well as
the sum of disperse and polar surface free energy resulted in pure correlations. The coefficient of
determination for surface area (SA) and pore volume (Vp) ranged from 0.03 to 0.10 and 0.03 to 0.11
respectively (Table A6.6). In addition, the R2 of disperse, polar and sum of disperse and polar surface
free energy was between 3.20E-7 and 0.21 (Figure 25). However, the influence of physical polymer
properties such as surface area and hydrophobicity assumed by Praveena and Aris (2020) could not
be confirmed by the four different polymer materials of this thesis.
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The given results of linear regression of polymer density, surface area, pore volume, disperse/polar
SFE as well as sum of SFE demonstrated inadequate accuracy for the deployed polymers, represented
by a coefficient of determination between 3.20E-7 and 0.21.

Correlations of plastic properties and log Kp-w

61



7. Development of an equation to predict log Kp.w

This chapter lays out how the equation for predicting polymer water partition coefficients based on
physicochemical properties of PAHs and plastics is developed. The two methods used to develop the
equation were 1) linear correlation consisting of the product of various combinations of plastic and
PAH properties and 2) individual correlations of plastic and PAH properties. The results from the
previous two chapters were used for this purpose.

In method 1, the physicochemical properties of PAHs and polymers as well as their reciprocals were
multiplied together. The linear correlation started with the product of one PAH property and one
plastic property and increased up to the product of two PAH properties and up to three plastic
properties.

For method 2, an individual combination of polymer and PAH properties was chosen, which did not
correspond to the linear approach in method 1. An evaluation of the developed equations from
method 1 and 2 with the laboratory values from Chapter 4 was performed using the Dikbas (2017)
method. In the course of the evaluation of Dikbas (2017), a range of accuracy was set to identify the
equations with a high accuracy. Subsequently, fitting parameters were determined and incorporated
into each individual equation. In the end, published regression models were compared to the best
results from the equations of this thesis.

7.1.Polymer properties and PAH properties versus values of this thesis — method 1

To compare each equation of method 1 and 2 with the polymer-water partition coefficient of chapter
4, the results of each model and the polymer-water partition coefficient were presented in a matrix
consisting of four rows and three columns (4 x 3). The four rows represent the plastic properties and
the three columns represent the properties of the PAHs. Table 16 shows, for example, the results from
the product of polymer density (p) and log K, of the PAHs of method 1 in a matrix. Furthermore,
the results of chapter 4 are represented in a matrix in Table 17.

Table 16: Matrix (A) of polymer density and log Kow of PAHs

NAPH FLN PHEN
p (g cm™) * log Koy () log Koy () | 10g Ko () | log Koy ()

3.37 4.18 4.46 Ay
LDPE p (gcem™) 0.92 3.10 3.85 4.10 3.68
PP p (gcm™) 0.91 3.07 3.80 4.06 3.64
PBS  p(gem?) 1.24 4.18 5.18 5.53 4.96
PET  p(gcem™) 1.34 4.52 5.60 5.98 5.36

A, 3.72 4.61 4.92

Table 17: Matrix (B) of log Kp-w from chapter 4

log K, (L kg™ | NAPH ’ FLN ‘ PHEN Bm

LDPE 2.93 3.88 4.33 3.72

PP 2.88 3.64 3.83 3.45

PBS 3.35 4.24 5.16 4.25

PET 2.68 2.81 2.82 2.77
Bn 2.96 3.64 4.04
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According to Dikbas’ (2017) method, two identical matrices can be compared and two correlation
coefficients can be calculated, which is represented by a horizontal (ry) and a vertical correlation
coefficient (ry). The horizontal correlation coefficients (ry) and the vertical correlation coefficients

(rv) were calculated according to equation 12 and equation 13, respectively, where 4,, and B,, were
the average of m™ row while 4, and B, were the average of n column of matrix A and B.

In the following, an example calculation is carried out for ry and ry using matrix A from Table 16 and
matrix B from Table 17 and the transformation in R.? and Ry2.

For 1y, the differences between each individual column values and the corresponding column mean
values (4,,) from matrix A are multiplied by the differences between the column values with identical
positions and the corresponding column mean values (B,) from matrix B, and summed up in the end.
This resulting sum is divided by the square root of the summed squared differences of all individual
column values and the corresponding column mean values (4,) from matrix A, multiplied by the
summed squared differences of all individual column values and the corresponding column mean
values (B,)) from matrix B.

B Yo S n(An — A By — B) B (3.10 — 3.72) * (2.93 — 2.96) + (3.07 — 3.72) * (2.88 — 2.96) + ---
B 2@ — A 712 20 Bom — B)?] J[(3.10 — 3.72)2 + (3.07 — 3.72)2 + ] * [(2.93 — 2.96) + (2.88 — 2.96)2 + -]

=—0.24

1)

For ry, the differences between each individual row values and the corresponding row mean values
(A,,) from matrix A are multiplied by the differences between the row values with identical positions
and the corresponding row mean values (B,,,) from matrix B, and then added up. This sum is divided
by the square root of the summed squared differences of all individual row values and the
corresponding row mean values (4,,) from matrix A, multiplied by the summed squared differences
of all individual row values and the corresponding row mean values (B,,) from matrix B.

Yo S (An — A By — B) (3.10 — 3.68) * (2.93 — 3,74) + (3.07 — 3.64) * (2.88 — 3.45) + ---

T o = 712 2n B — )2 JI(3.10 — 3.68)2 + (3.07 —3.64)2 + -] = [(203 _ 3.74)% 1 (2.88 _ 345)2 1 ] 081

Th

In order to better compare the results, the r, and the r, values were squared, which resulted in
coefficients of determination R.2 and Rp2, respectively.

- R,2 =1,2=-0242 = 0.06

- Ryt =12 =0812 = 0.66

In the example of matrix A from Table 16 and matrix B from Table 17, the calculated R,? and Ry?
values are 0.06 and 0.66.

Development of an equation to predict log Kp-w 63



7.1.1. Calculation of the equations of method 1

First, each plastic property was multiplied with each PAH property as well as their reciprocal values
(Table 18) and examined for high accuracy with the log K;. values derived from this study according
to the matrix comparison of chapter 7.1. In Table 18 the combinations of individual PAH properties
(log Kow, MW, log C.*, log Knaw) as well as the plastic properties (p, dso, Tm, Tg, X, SA, Vp, 3. SFE) were
included as well as R? and Ry were shown.

Table 18: Rv2 and Ru? calculation of the matrix of one PAH and one plastic properties with the log Kp-w matrix

PAH properties
plastic properties .
log Kou log Ky MW Mw! log G, ! log C,/* ! log Kiaw 10g Kogw '
Q) Q) (g mol™) (mol g™ (mol m*) (m® mol) Q) ©

Ry Ry? Ry Ry? Ry Ry? Ry Ry? Ry Ry? Ry Ry? Ry Ry? Ry Ry?
[ 3 (g cm'3) 0.06 0.66 0.04 0.65 0.06 0.66 0.04 0.64 0.07 0.66 0.00 0.58 0.06 0.58 0.04 0.65
p'1 (cm3 g'l) 0.04 0.76 0.02 0.75 0.04 0.76 0.02 0.74 0.05 0.76 0.00 0.68 0.04 0.68 0.02 0.75
dso “ (um) 0.45 0.64 0.35 0.63 0.45 0.63 0.34 0.62 0.51 0.63 0.01 0.56 0.44 0.56 0.34 0.63
(:150'1 (p.m'l) 0.37 0.80 0.28 0.79 0.38 0.80 0.28 0.78 0.42 0.80 0.01 0.71 0.37 0.71 0.28 0.79
Tmﬁ5 K) 0.84 0.61 0.67 0.60 0.85 0.61 0.65 0.60 0.90 0.61 0.05 0.54 0.82 0.54 0.66 0.60
Tm'1 ®hH 0.85 0.83 0.68 0.82 0.86 0.83 0.66 0.81 0.90 0.83 0.05 0.73 0.83 0.73 0.67 0.82
Tg N (K) 0.30 0.48 0.23 0.47 0.30 0.47 0.22 0.47 0.34 0.47 0.01 0.42 0.29 0.42 0.23 0.47
Tg'1 ®hH 0.11 0.74 0.08 0.73 0.11 0.74 0.08 0.73 0.13 0.74 0.00 0.66 0.11 0.66 0.08 0.73
Xc 7 (%) 0.84 0.95 0.67 0.94 0.85 0.95 0.65 0.93 0.90 0.95 0.05 0.83 0.83 0.83 0.66 0.93
Xc'1 (%'1) 0.66 0.05 0.52 0.05 0.67 0.05 0.51 0.05 0.72 0.05 0.03 0.05 0.65 0.05 0.51 0.05
sA "8 (m2 g'l) 0.06 0.43 0.05 0.43 0.06 0.43 0.05 0.43 0.06 0.43 0.01 0.40 0.06 0.40 0.05 0.43
sat (g m?) 0.24 0.78 0.20 0.76 0.24 0.77 0.19 0.75 0.25 0.77 0.02 0.67 0.24 0.67 0.19 0.76
Vp ° (ecm3 g’l) 0.06 0.43 0.05 0.43 0.06 0.43 0.05 0.43 0.06 0.43 0.01 0.40 0.06 0.40 0.05 0.43
Vp'1 (g em®) 0.25 0.78 0.20 0.77 0.25 0.78 0.20 0.76 0.26 0.78 0.02 0.68 0.25 0.67 0.20 0.77
YSFE™  (mNm")| 0.0 0.62 0.00 0.61 0.00 0.61 0.00 0.60 0.00 0.61 0.01 0.53 0.00 0.53 0.00 0.60
> SFE! (m Nm™) 0.00 0.69 0.00 0.68 0.00 0.69 0.00 0.68 0.00 0.69 0.00 0.62 0.00 0.62 0.00 0.68

“1og Cw*t: aqueous solubility of PAHs according to Ma et al. et al. (2010); "2log Knaw: hexadecane-water partition coefficient
of PAHs according to Schwarzenbach et al. (2003); *3 p: plastic density; " dso: median diameter of plastics; "> Tm: melting
temperature of plastics; “® Tg: glass transition temperature of plastics; *7 Xc: crystallinity of plastics; *® SA: surface area; ™
Vp: pore volume; “19 Y SFE; sum of polar and disperse surface free energy of plastics

According to the two-dimensional calculation of R.2 and Ry2, not only the accuracies of the plastic
rows of the horizontal values but also the accuracies of the PAH columns of the vertical values were
considered.

In many cases, the R,? values were found to be significantly smaller (more than 20x smaller) than the
corresponding Ry2 value. An example of this is the R value of the product of plastic density and log
Kow (Rv? = 0.02) to the corresponding Ry value (Rn2 = 0.76), which was 38 times smaller and thus
exhibited a high inaccuracy in relation to the R.2-value. Furthermore, the product of log C.** ! and
the plastic properties of R,? resulted in values smaller than 0.05. In contrast, the results of Ty, and
Tm ! as well as X. showed high accuracies for both R,2-values and Rn2-values for all PAH properties
except log Cy*2 (Table 18). Further results of the product of polymer properties and PAH properties
were listed in Table 19 and Table 20. Table 19 shows the results of the product of single
physicochemical properties of PAHs and two polymer properties with density as fixed parameter.
Furthermore, Table 20 shows the results of the product of two physicochemical properties of PAHs
log Kow and MW and three polymer properties with p and X. of the plastics as fixed parameter.
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Table 19: Ry? and Rn2 calculation of the matrix of one PAH and two plastic properties (p as fixed parameter) with the log
Kp-w matrix

properi(?ls;)lrco duct PAH properties
75t ond log Kow log Koy MW Mw? log C,"™* log G, log Kpnaw log Kngw*
fixed variable O © (g mol™) (mol g™ (mol m*) (m® mol™) Q) Q)

parameter parameter R Ry2 R Ry2 R Ry R2 Rp2 R2 Ry2 R2 Ry2 R2 Ry2 R? Ry2
ds (um) 0.23 0.54 0.18 0.54 0.24 0.54 0.17 0.53 0.27 0.54 0.00 0.48 0.23 0.48 0.17 0.53
d5071 (/.Lmrl) 0.15 0.79 0.11 0.78 0.15 0.79 0.10 0.78 0.17 0.79 0.00 0.71 0.14 0.71 0.11 0.78
T (K 0.47 0.52 0.36 0.51 0.47 0.52 0.35 0.51 0.52 0.52 0.02 0.46 0.46 0.46 0.36 0.51
Tm'1 (K'l) 0.30 0.78 0.25 0.77 0.30 0.78 0.25 0.76 0.29 0.78 0.04 0.68 0.29 0.68 0.25 0.76
Ty (K) 0.39 0.42 0.30 0.42 0.39 0.42 0.29 0.41 0.44 0.42 0.01 0.37 0.38 0.37 0.29 0.42
Tg'1 ®hH 0.40 0.83 0.32 0.82 0.41 0.83 0.31 0.81 0.44 0.83 0.02 0.73 0.40 0.73 0.31 0.82
p X (%) 0.87 0.94 0.71 0.92 0.88 0.93 0.69 0.91 0.91 0.93 0.06 0.81 0.86 0.81 0.70 0.92
€4 em™®) ’ X @™ 0.63 0.04 0.50 0.04 0.64 0.04 0.49 0.04 0.69 0.04 0.03 0.04 0.63 0.04 0.49 0.04
SA (m? g']) 0.14 0.45 0.11 0.44 0.14 0.45 0.11 0.44 0.15 0.45 0.01 0.41 0.14 0.41 0.11 0.44
N (g m,z) 0.14 0.70 0.11 0.69 0.14 0.70 0.11 0.68 0.13 0.70 0.02 0.60 0.13 0.60 0.11 0.69
Vp (cm3 g'l) 0.15 0.45 0.12 0.44 0.16 0.45 0.12 0.44 0.16 0.45 0.01 0.41 0.15 0.41 0.12 0.44
Vp'1 (g Cm’g) 0.15 0.71 0.12 0.70 0.15 0.71 0.12 0.69 0.15 0.71 0.02 0.61 0.15 0.61 0.12 0.70
> SFE (mN m’l) 0.00 0.52 0.00 0.51 0.00 0.52 0.00 0.50 0.01 0.52 0.00 0.45 0.00 0.44 0.00 0.51
> SFE'! (m Nm'l) 0.02 0.70 0.02 0.69 0.02 0.70 0.02 0.69 0.01 0.70 0.01 0.63 0.02 0.63 0.02 0.69

Table 20: Ry2 and Rn? calculation of the matrix of one/two PAH and three plastic properties (Xc*p as fixed parameters) with
the log Kp.w matrix

propeprlt?zSSrco duct PAH properties
15t % pnd 31 log Koy Mw log Koy ¥ MW MW * log Ko, " log Koy * MW (log Ky, * MW)™
fixed * variable () (g mol’) (g mol”) (gmol™) (mol g?) (molg?)
parameters parameter sz ha sz ha sz ha RVZ ha sz ha sz ha
dso (um) 0.83 0.92 0.84 0.91 0.88 0.93 0.78 0.85 0.75 0.85 0.56 0.89
dso! (um™) 0.88 0.95 0.89 0.95 0.94 0.96 0.82 0.88 0.79 0.88 0.58 0.92
T (K) 0.86 0.94 0.87 0.94 0.92 0.95 0.81 0.87 0.78 0.87 0.57 0.91
T (K 0.86 0.93 0.87 0.92 0.92 0.94 0.81 0.86 0.78 0.85 0.57 0.89
Ty (K) 0.72 0.88 0.73 0.88 0.76 0.89 0.68 0.81 0.65 0.81 0.49 0.85
X (%) * Ty (KD 0.81 0.94 0.82 0.94 0.87 0.95 0.76 0.87 0.73 0.87 0.53 0.91
p(gem?) SA (m2 g™) 0.11 0.63 0.11 0.63 0.11 0.64 0.10 0.60 0.09 0.60 0.07 0.62
SA! (gm™®) 0.73 0.84 0.74 0.83 0.78 0.84 0.69 0.76 0.66 0.76 0.49 0.80
Vp (cm3 g ™) 0.11 0.64 0.11 0.64 0.12 0.64 0.10 0.61 0.10 0.60 0.07 0.62
vp' (g em™) 0.74 0.84 0.75 0.83 0.78 0.85 0.69 0.77 0.67 0.76 0.49 0.80
> SFE (mN m™) 0.65 0.77 0.66 0.76 0.69 0.78 0.61 0.70 0.59 0.70 0.45 0.73
> SFE™ (m Nm') 0.47 0.88 0.48 0.88 0.51 0.89 0.44 0.83 0.42 0.83 0.29 0.86

An accuracy criterion for the results was established to filter out the combinations of plastic and PAH
properties that achieved a high correlation with the laboratory log Kp.. values. For this purpose, the
accuracy criterion was set at greater than or equal to 0.95 for the ry and ry, results of the original
equation. Accordingly, the accuracy criterion for R.2 and Rxy2 was 0.90 and has been marked in green
in Table 19 as well as Table 20. However only the polymer and PAH products from method 1 and 2
whose R.? and Ry? were greater than 0.90, were used to determine the regression models. All other
combination results of method 1 are listed in the appendix (Table A7.1 - A7.105).

In Table 18, no combination had an accuracy of at least 0.90 for R,? and Rx2. However, in Table 19,
the product of the two polymer properties density and crystallinity with the PAH property aqueous
solubility achieved this accuracy for both R,2 and Ru2. Therefore, the parameter calculation was
performed for this combination. In Table 20, the accuracy criterion was also met for the following
products: i) crystallinity, density and dso! of polymer properties with log Kow and MW of PAH
properties; ii) crystallinity, density and T of polymer properties with log Kow and MW of PAH
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properties; and iii) crystallinity, density and 1 Tm! of polymer properties with log Kow and MW of
PAH properties. The parameters were also calculated for each of these products. Following these
results, the coefficients of the equations with high accuracy for both R,? and Ry2 must be determined.

7.1.2. Selection of equations from method 1

In total, 48 equations were developed through method 1 in fulfilment with the accuracy criteria for
both Ry? and Rp2. These results were obtained from the product of a minimum of two polymer
properties and one PAH property, and a maximum of three polymer properties and two PAH
properties. An accuracy of > 0.90 for both R.?2 and Ry2 was not achieved for the product of one
polymer property and one PAH property.

Notably, the plastic property of crystallinity is involved in every one of the plastic-PAH product
combinations of the equations listed below (equations 26 — 73). This indicates that crystallinity is an
important criterion for the sorption capacity of plastics, as it provides information about the structural

composition of plastics.

Equations based on method 1

log Kp-w = -1.90 * log Co¥ pan* Xc p* p p + 2.90 equation 26
log Kp-w = -685.00 * log Cyw*3tpan * Xe p * Tmp ! + 2.93 equation 27
log Kp-w = 6.37E-3 * log Kowpan * MW pan * X p* pp + 1.98 equation 28
log Kp-w = 2.26 * log Kowpar * MW pap * Xe p* Tmp ! + 1.98 equation 29
log Kp-w = 0.18 * log Kow pan * 108 Kndw pan * Xe p* p p + 2.28 equation 30
log Kp-w = 68.90 * log Kow pan * 108 Knaw parr * Xe p * Tmp! + 2.36 equation 31
log Kp-w = -0.26 * log Kow panr * log Co® pa * Xe p* p p + 2.90 equation 32
log Kpw = -11.50 * log Cw* pan * log Kowpan™ * Xe p* p p + 2.90 equation 33
log Kp.w = -93.37 * log Cw*a® pan * 10g Kowpan * Xe p* Tmp! + 2.90 equation 34
log Kp-w = -4562.02 * log Cyw** panr * 1og Kowpan™ * Xc p * Tmp! + 2.90 equation 35
log Kp-w = -523.44 * log Cyw*3 panr * MW par! * Xe p* p p + 2.90 equation 36
log Kp-w = -1.98E+5 * log Cu*a parr * MW pan! * Xc p * Tmp! + 2.90 equation 37
log Kp.w = -0.25 * log Cu® pan * 10g Knawpan * Xe p* p p + 2.90 equation 38
log Kp-w = -15.20 * log Cw*® pan * 10g Knaw pan! * Xe p* p p + 2.90 equation 39
log Kp-w = -89.50 * log Cw*®" pan * 10g Knaw part * Xe p * Tmp ! + 2.90 equation 40
log Kp-w = -5521.82 * log C* pan * 10g Knawpar™? * Xc p* Tmpt + 2.90 equation 41
log Kp-w = 2.90E-3 * log Kowpan * MW pan* Xc p* pp * dso p! + 1.98 equation 42
log Kp-w = 0.11 * log Kow pan * 10g Kndw pan * Xe p* p p * dso p! + 1.88 equation 43
log Kp-w = -0.87 * log Cu*® pan * X p* p p * dso p* + 2.95 equation 44
log Kp-w = -0.15 * log Kow pan * 10g Co*3t pan * Xe p* p p * dso p! + 2.95 equation 45
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log Kp.w = 8.89E-3 * log Kow pan * l0og Cuws® pan * Xe p* p p * dso pt + 5.37 equation 46
log Kp.w = 1.00E+6 * MW pans * log Cof part * Xe p* pp * dso p + 5.25 equation 47
log Kp.w = -0.12 * log Knawpan * 10g Co’ pan* Xe p* pp ¥ dso p! + 3.14 equation 48
log Kp-w = 4.96 * log Knaw pan * 10g Cu’t pan * Xe p * dso p * Tmp + 1.98 equation 49
log Kp-w = 183.99 * log Kow pan * 108 Knaw pan * Xe p * dso p * Tmpt + 1.88 equation 50
log Kpw = -1510.00 * log Cw* pan * Xc p * dso p * Tmpt + 2.92 equation 51
log Kp-w = -235.00 * log Kow pan * 10g Cw* pan * Xe p * dso p * Tmp ! + 2.99 equation 52
log Kp.w = 0.50E-5 * MW pap * log Cus® pant * Xe p* pp * dso pt + 5.43 equation 53
log Kp-.w = 1.67E-5 * log Kowparr * MW pan * Xe p* p p * Tmp + 1.98 equation 54
log Kp.w = 6.14E-4 * log Kow pan * 10g Knaw pan * Xe p* pp * Tmp + 1.88 equation 55
log Kp-w = 0.50E-2 * log Cw*3'pan * Xc p* pp * Tmp + 2.93 equation 56
log Kp-w = -7.54E-4 * log Kow pan * l0g Cow*3tpan * Xep* pp * Tmp + 2.92 equation 57
log Kp.w = -0.70E-3 * log Knaw pan * 10g Cw*®pan * Xe p* p p * Tmp + 2.90 equation 58
log Kp.w = 1.26E-4 * log Kowpan * MW pan * Xe p* p p * Tmp! + 9.56 equation 59
log Kp-w = 91.00 * log Kow pan * 108 Knaw par * Xe p* p p ¥ Tmp! + 1.88 equation 60
log Kp-w = 106.42 * log Kow pan * 10g Cw*® pan * Xep* pp * Tmpt + 3.32 equation 61
log Kp-w = 0.50E-5 * log Kow pan * 10g Coft pan! * Xe p* pp * Tmp! + 5.23 equation 62
log Kp.w = -89.00 * log Knaw pan * 10g Cws® pan * X p* pp * Tmp! + 3.43 equation 63
log Kp.w = 0.82E-2 * log Knaw pan * 10g Cu pan! * Xe p* p p * dso p! + 5.38 equation 64
log Kp.w = 15.19 * log Kow pan * l0g Cw*a pan! * Xe p * dso p * Tmp ! + 5.37 equation 65
log Kp-w = 0.40 * MW pan * log Cuws® pan! * Xe p * dso p * Tmpt + 5.38 equation 66
log Kp-w = 0.11 * log Knaw pan * 1og Cus2t pan! * Xe p * dso p * Tmp! + 3.43 equation 67
log Kp-w = 71.41 * log Kowpan * MW pan * Xe p * Vpp * Y SFE, 1 + 2.10 equation 68
log Kp.w = 2641.17 * log Kow pan * 10g Knawpan * Xc p* Vpp * Y SFE, 1 + 2.01 equation 69
log Kp.w = 2.35E+4 * log Cy*a pan * Xc p* Vpp * Y SFE, 1 4+ 2.93 equation 70
log Kp-w = 3500.00 * log Kow pan * log Cyw*3tpan * Xc p* Vpp * SFE, 1 + 2.93 equation 71
log Kp-w = -1.57E45 * log Kow pan * 10g Cw*® part * Xe p * Vpp * DSFE, 1 + 2.93  equation 72

where log Kow pan, MW pan, log Cuw’ pan, log Knaw pan represented the properties of PAHs and
crystallinity (X.p), density (pp), melting temperature (T p), particle size distribution of 50 % (dso p),
pore volume (Vpp), and sum of surface free energy (3.SFE p) represented the polymer properties.

The determination of the coefficients for equations 26 to 73 was done by means of the Excel Add-Ins
Solver. Here, the 48 selected products of the plastic and PAH properties were compared with the log
Krr values derived from the laboratory experiments and the coefficients were calculated.
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7.2.Polymer properties and PAH properties versus values of this thesis — method 2

For method 2, a free approach was chosen, which was first set up on the basis of different
combinations of the plastic properties and added with an adjustment of the PAH properties. The basic
structure of the formula for method 2 is shown in equation 74.

log K,,_, = (a * properties pyy + b) * properties,, + ¢ equation 74

The equation was adjusted the three coefficients “a”, “b” and “c” shown in equation 74. These were
determined by the Excel Add-in Solver. The results of the equations from method 2 were evaluated
analogously to the results of method 1 using the two-dimensional method of Dikbas (2017). In the
following, only the three equations from method 2 whose results achieved a minimum discrepancy of
0.90 for both R? and Ry2 when using log K, values from the laboratory experiments are represented.
Table 21 details the equations, as well as the exact accuracy of R.2 and Rn? corresponding to each
equation:

Table 21: Equations derived through method 2

equation R} Ry’

log Ky = (-1.85 * log C,," pang + 1.00) * X . ,* p , + 2.50 0,95 0,93 equation 75
log K,y = (60 * MW papy - 6.75) * X p* pp + 2.50 0,95 0,93 equation 76
log K,y = (6.14 * log Koy pan * MW pay - 1.00) * X p* p p + 2.50 0,95 0,95 equation 77

where aqueous solubility (log Cw* pan), log Kow pan and molar weight pan (MW pan) were PAH
properties, while crystallinity (X.,) and density (p ,) were polymer properties. The three equations
based on the polymer properties X., and p , and the intercept 2.5 with the PAH properties log
Cw%t pan, log Kow pan and log Kow pan times MW pay resulted in the required accuracy. From the results,
it seems equation 77 has the comparatively highest accuracy. However, the following chapter will
determine whether this result can be confirmed after evaluation and comparison with literature
values.
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7.3.Evaluating the final equation from method 1 and 2

The goal of this chapter is to identify a final equation from equations 26 - 73 from method 1 and 75
- 77 from method 2. For this purpose, equations 26 - 73 and 75 - 77 are compared with an already
published equation as a reference equation. The final equation should achieve an equivalent or higher
accuracy when compared to the selected reference equation.

For example, Lohmann (2012) determined correlations of the different PAH properties octanol-water
partition coefficient (log Kow), molar weight (MW), aqueous solubility (log C*®), hexadecane-water
partition coefficient (log Knaw) with n = 65 published log Kippew values. This published log Kippe-w
values were determined by Booij et al. (2003), Adams et al. (2007), Cornelissen et al. (2008),
Fernandez et al. (2009), Smedes et al. (2009), Perron et al. (2009) and Hale et al. (2010). As a result,
from Lohmann (2012), aqueous solubility (log C.*) published by Ma et al. (2010) was best
correlated with the published data shown by equation 78.

log Kpg_,, = —0.85 (4 0.023) *log C,,°* + 2.85 (+ 0.071) equation 78

While Lohmann (2012) was the only study to establish equations for PAH properties and plastic-water
partition coefficients generated by multiple studies for LDPE, equations 26 - 73 and 75 - 77 can only
be compared to equation 78 as the reference equation. Extensive published studies for PP, PBS and
PET polymer type were still pending and could not be compared in this thesis.

To assess the accuracy of equations 26 - 73 and 75 - 77 against the reference equation by Lohmann
(2012), the root mean square error of n = 100 published log Kippe.w-values (Table A7.106) with
similar experimental settings was calculated for each of these equations (Table A7.107). The equation
of RMSE is as follows:

RMSE = |¥, @ equation 79
where §; are the predicted values for properties i of an equation-dependent variable y; and n
corresponds to the number of log Kippe.w values. The RMSE is the absolute error indicator and
describes how much a prediction deviates on average from the actual data. The smaller the RMSE,
the smaller the deviation and the greater the accuracy to the actual n = 100 published log Kippg.w.

The aim of the RMSE comparison was to obtain one final equation from equations 26 - 73 and 75 -
77 with a higher accuracy than the reference equation of Lohmann (2012). The following table listed
all the equations which had a higher accuracy than the reference equation of Lohmann (2012).
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Table 22: RMSE calculation of the selected equations of method 1 and 2

selected equations of method 1 and 2

RMSE

Ref. Lohmann (2012) log Kp.y = -0.85 ( = 0.023) * log C,,” + 2.85 ( + 0.071) equation 78 0.3097
log Ky = -1.90 * log C,," pan * X p * p p+ 2.90 equation 26  0.3026

log Ky = -685.00 * log Cy,™ pan* X p* Ty P'1+ 2.93 equation 27 0.2964

method 1 10g Ky, = -0.87 * log Cy,"™ pa* X p* p p * dsop - + 2.95 equation 44 0.2952
log Kp = -1510.00 * log C,** par* X p* dsop * T p'l +2.92 equation 51 0.2968

log K;y = 0.50¥10E-2 * log Cy,™ part * Xc p* p p * Timp + 2.93 equation 56 0.2964

method 2 log Ky = (-1.85 * log C,,*" pan + 1.00) * X p* p p + 2.50 equation 75 0.3079
log Kp,.y = (60 * MW ppp - 6.75) * X p* pp+ 2.50 equation 76 0.3092

The equations 26, 27, 44, 51, 56, 75 and 76 listed in Table 22 resulted in lower RMSE than the
reference equation of Lohmann (2012). This shows that methods 1 and 2 yield suitable equations
that satisfy the accuracy criterion. In the selected equations in Table 22 from method 1 as well as
equation 75, it stands out that the PAH property aqueous solubility (log C,*) was included in each
equation in addition to the plastic property crystallinity (X.). This finding coincided with the equation
determined by Lohmann (2012), which was also based on the PAH property log C.*.

Each of the seven equations resulted in a higher accuracy than the reference equation 78 with a RMSE
ranged from 0.2952 - 0.3092, compared to a RMSE of 0.3097 for the reference equation by Lohmann
(2012). The highest accuracy was determined for equation 44 with a RMSE of 0.2952. However, for
all five equations in method 1, the intercept indicating the lowest partition coefficient that can be
calculated was greater than 2.90. Therefore, a lower partition coefficient than 2.90 cannot be
calculated for equations 26, 27, 44, 51 and 56. For example, the log K. for PET of naphthalene
(2.68), fluorene (2.81) and phenanthrene (2.82) determined from the laboratory tests cannot be
calculated with these equations (26, 27, 44, 51, 56) since its intercept is larger. Therefore, not all
equations are considered further, which is not due to the selection of properties, but due to the
determined parameters that can result from this consideration.

However, equations 75 and 76 of method 2 satisfy the conditions i) a partition coefficient of
theoretically 2.5 can be calculated and ii) it has a higher accuracy than the reference equation of
Lohmann (2012). Since equation 75 had a higher accuracy than equation 76, equation 75 was set as
the final equation of this work to predict log Kp.w.

7.4.Proof of concept: comparison of modelled values versus published data

After choosing equation 75 to work with going forward, the next step was to determine whether the
previously published log Ky values could be mapped using equation 75. For this purpose, the upper
and lower limits of equation 75 were determined with the minimum and maximum literature values
of the polymer properties for all four plastic types tested in this thesis, while the PAH property log
C.w* based on molar weight remains as constant. In addition, the log Kp..» of PAHs were also mapped
whose molar weight were greater than that of phenanthrene. The following sections examined
whether published log K, values were within the plastic-specific limits of Equation 75. For this
purpose, the 16 EPA PAHs were used.
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Since the fitting accuracy of equation 75 depends on the type of plastic used, equations 80 to 83 list
the plastic-specific equations, including the uncertainties of the regression coefficients and the
coefficient of determination (R?) for the plastic-water partition coefficients determined in the
laboratory. The coefficient uncertainties were included in the respective equations in the following
four subsections in order to map the smallest and largest possible confidence band below and above
the plastic-specific trend line.

log Ky ppg—w = —0.81 (£ 0.082) *log €, +2.94 (+0.090) (R2 = 0.99) equation 80
logKpp_yy = —0.67 (+0.133) xlogC,°* +2.86 (+0.146) (R% = 0.96) equation 81
log Kpps—yy = —1.36 (+0.937) xlogC,,**" +3.24 (+1.034) (R = 0.68) equation 82

log Kppr—w = —0.13 (+0.187) *logC,,°*" +2.57 (+ 0.207)  (R% = 0.33) equation 83

7.4.1. Proof of concept for LDPE

The standard property of LDPE for density = 0.92 g cm?and crystallinity = 0.48 % from the previous
section has shown that modelled values based on equation 75 resulted in a lower RMSE compared to
reference equation 78 of Lohmann (2012). This indicates a higher accuracy and therefore, equation
75 was applied to published studies that determined at least three log Kippg-w.

For LDPE the lower and upper limits were determined by the minimum and maximum crystallinities
33.6 (Chen et al., 2020) and 60 % (Lambert and Wagner, 2018) as well as minimum and maximum
densities, 0.91 and 0.93 g cm™® (Lambert and Wagner, 2018) that were found in the literature.
Furthermore, the trendline of equation 80 and the confidence band of equation 80 can be seen in
Figure 26. The lowest number of published log Kippe.w - values that had been compared with the final
equation was five (Adams et al., 2007) and the highest 16 (Smedes et al., 2009; Zhu et al., 2015), as
well as log Kippe-w determined in this thesis. For display purposes, the constant of water solubility (log
Cw*) was mapped on the abscissa and the plastic property on the ordinate shown in the following
figure:

Booij et al. (2003)
Adams et al. (2007)
Cornelissen et al. (2008)
Smedes et al. (2009)
Fernandez et al. (2009)
Hale et al. (2010)

Bao et al. (2012)

Choi et al. (2013)

Zhu et al. (2015)

Wang et al. (2019)

log KLDPE-w from this thesis

> B ¢ @ ¢ > m O ¢ D ¢

1 ——LDPE trendline of equation 80
— —Confidence Band of equation 80

------ Upper Limit

5 -4 3 2 1 0

Lower Limit
log C,5** (mol m?3)

Figure 26: Results of literature LDPE-water partition coefficients within upper and lower limits of equation 75
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As shown in Figure 26, the lower and upper limits of equation 75 are undershot or exceeded in
individual cases. Overall, seven published log Kippew values out of 100 were not within the limits of
equation 75, which means that 93 % of the considered LDPE-water partition coefficients from the
literature could be calculated. For example, the value for acenapthylene from Smedes et al. (2009) is
0.09 log units below the lower limit, whereas all other 15 partition coefficients from Smedes et al.
(2009) are within the limits of equation 75. Furthermore, one partition coefficient of Booij et al.
(2003) anthrancene was 0.18 and three partition coefficients of Bao et al. (2012) acenaphthene,
fluorene and phenanthrene were 0.32, 0.18 and 0.06 log units above the upper limit. Moreover, log
Kippe-w Of naphthalene by Choi et al. (2013) and acenaphthene by Zhu et al. (2015) were 0.16 and
0.01 log units above the upper limit of equation 75. Since the confidence band of equation 80 lies
within the upper and lower limits of equation 75, this reflects the high accuracy of the laboratory
values determined for equation 80.

In all literatures no information about crystallinity was given, therefore a verification with exact
crystallinity values was not possible. However, it had been shown that equation 75 can be applied to
many LDPE-water partition coefficients, including PAHs whose molar mass was greater than that of
phenanthrene. This allowed a prediction of PAHs outside the considered study range of naphthalene
and phenanthrene.

7.4.2. Proof of concept for PP

For PP, publications by Lee et al. (2014) and Loncarski et al. (2021) are available to compare
modelled values of equation 75, having at least three different partition coefficients for PAH. For
example, Lee et al. (2014) tested eight different PAH (phenanthrene, anthracene, fluoranthene,
pyrene, chrysene, benzo(a)pyrene, dibenz(a,h)anthracene, benzo(g,h,i)perylene) in artificial sea
water and Loncarski et al. (2021) determined partition coefficients of four PAHs (naphthalene,
fluorene, fluoranthene, pyrene) in a synthetic water matrix. Both data sets were transferred to
freshwater according to Jonker and Muijs (2010). However, the focus of both publications was not
on determining polymer properties, therefore there is no data on crystallinity for either publication.
In the following, it was verified whether the published partition coefficients were within the limits of
equation 75, as the results from the previous chapter were mostly found to be. For this purpose, the
upper and lower limits of plastic properties were compiled from various publications. Published
polymer crystallinities for PP were in the range of 33.6 % (Thumsorn and Srisawat, 2014) to 58.1 %
(Yang et al., 2016), and the polymer density was between 0.85 — 0.93 g cm™ (Andrady, 2011).
Furthermore, the trendline of equation 81, the confidence band of equation 81, and the log Kpp.w of
this thesis can be seen in Figure 27. The results are shown in the following figure:
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Figure 27: Results of literature PP-water partition coefficients log Kep.w within upper and lower limits of equation 75

The results of Figure 27 show that all partition coefficients of Lee et al. (2014) that had been
converted into fresh-water partition coefficients, were within the limits of equation 75, as well as
three partition coefficients of Loncarski et al. (2021). Only the value of naphthalene by Loncarski et
al. (2021) was above the determined limit of equation 75. In total, eleven values were within the
limits, which corresponds to 91,7 %, and one value was above the limit. The upper confidence band
of equation 81 is within the limit range of equation 75, but the lower confidence band of equation 81
is only within the limits of equation 75 again from a log C* value of less than -0.27 mol m™.

Since Loncarski et al. (2021) did not specify any properties for PP other than surface properties, no
further statements can be made on the validation or accuracy of equation 75.

As a special feature, it should be mentioned that the eight partition coefficients determined by Lee et
al. (2014) had a molar mass greater than that of phenanthrene and no PAHs were determined to be
less than this. Thus, the range of a molar mass greater than 178.24 g mol! already represented a
prediction of the values and can be applied due to its compliance with the lower and upper limits.

However, there were no other publications that had determined at least three PP-water partition
coefficients, so the studies by Lee et al. (2014) and by Loncarski et al. (2021) were the only two
studies of comparison value.
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7.4.3. Proof of concept for PBS

Bioplastics such as PBS have not yet become the focus of sorption experiments, therefore available
publications were limited. For PBS, no publication was available that had determined three partition
coefficients for PAHs. However, Zhao et al. (2020) published a log Kpgs.w for phenanthrene and pyrene
that can be compared to the modelled values based on equation 75. Since Zhao et al. (2020) gave no
information about polymer density and crystallinity, the results were presented with both properties
unknown, as in the previous chapters.

Published polymer crystallinities were in the range of 35.0 % (Zhang et al., 2012) to 65.6 % (Jin et
al., 2014) and polymer density between 1.24 - 1.26 g cm™ (Lin et al., 2020). The upper and lower
limits were determined based on these values. The results of the lower and upper limit of equation
75 for the polymer type PBS, as well as the trendline of equation 82, the confidence band of equation
82, and the log Kpes.w oOf this thesis were shown in Figure 28.

@ Zhao etal. (2020)

A log KPBS-w from this thesis
——PBS trendline of equation 82
— —Confidence Band of equation 82
«---- Upper Limit

Lower Limit

log Kpgs

log C,* (mol m-3)

Figure 28: Results of literature PBS-water partition coefficients log Kessw within upper and lower limits of equation 75

The only published partition coefficients of phenanthrene and pyrene by Zhao et al. (2020) were
within the limits of equation 75 shown in Figure 28. Since the molar weight and hence aqueous
solubility (log Cw*3) of pyrene is greater than that of phenanthrene, and both phenanthrene and
pyrene partition coefficients were within the estimated limits of this equation, it follows that it might
be possible to apply the equation to the publication of Zhao et al. (2020). However, there were only
two partition coefficients available, which is why no further conclusions can be drawn about the
applicability of this equation for PBS. Due to the higher inaccuracy of equation 82, the upper and
lower confidence bands lie outside the upper and lower limit of equation 75. Further log Kpps.w-values
would be needed to confirm the accuracy and the applicability of the equation 75. In addition to the
partition coefficients of the individual plastics, further information on the used plastic properties
would be useful to specify equation 75.
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7.4.4. Proof of concept for PET

Publications of PAH sorption experiments on PET were also limited. However, Loncarski et al. (2021)
published PET-water partition coefficients for naphthalene, fluorene, fluoranthene and pyrene that
can be used to compare modelled values based on equation 75 and to verify if they were within the
lower and upper limits. The study by Loncarski et al. (2021) was the only one available for PET. Since
Loncarski et al. (2021) performed sorption experiments in a synthetic water matrix the data set was
transferred to freshwater according to Jonker and Muijs (2010).

However, further information on plastic properties was not provided by Loncarski et al. (2021). The
minimum and maximum values for density and the crystallinity were researched from other
publications to determine the lower and upper limits of equation 75 for PET. Published polymer
crystallinities were in the range of 2.0 % (Mishra and Deopura, 1989) to 40.0 % (Ehrenstein, 2012)
and polymer density between the lower and upper limits of 1.34 (Lambert and Wagner, 2018) - 1.41
g cm (Brignac et al., 2019). The log Kper.w of Loncarski et al. (2021) as well as the lower and upper
limits of equation 75 for PET and the log Kper.w from this thesis, as well as the trendline of eqution 83
and the associated confidence band were shown in the following figure:
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Figure 29: Results of literature PET-water partition coefficients log Keer.w within upper and lower limits of equation 75

Figure 29 shows partition coefficients of Loncarski et al. (2021) that were within the limits of equation
75 for fluoranthene, and pyrene, but the partition coefficients of naphthalene and fluorene were
above the upper limit of this equation. If all four partition coefficients of Loncarski et al. (2021) were
connected with a linear regression line, it runs nearly parallel to the lower limit but shifted upward
by about 2.0 log units. This suggests a similar combination of the plastic properties represented by
the parallelism of the slopes. Since Loncarski et al. (2021) did not specify the plastic properties, a
modified plastic may have been used. Furthermore, the upper confidence band of equation 83 lies
within the limits of equation 75, but the lower confidence band is outside these limits. For PET, there
were no other partition coefficients available. In order to be able to make equation 75 more precise
for PET as well, further partition coefficients and the associated plastic properties are required from
future publications.
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Summary

Equation 75 showed that of the 100 published LDPE water partition coefficients, 93 % fell within the
upper and lower limits of this equation, according to the lower and upper plastic property values
found in the literature. Concerning the partition coefficients that were not within the limits of this
equation, there was no further information on the polymer properties, so it is not possible within the
scope of this thesis to analyse in detail what may have caused this. When looking at the plastics PP,
PBS and PET, only few publications were available for comparison. Since the studies by Lee et al.
(2014), Zhao et al. (2020) and Loncarski et al. (2021) did not provide information on the plastic
properties, the equation of this study can only give a potential prediction for the plastics PP, PBS and
PET. The inaccuracies of the equations for PBS and PET, equations 82 and 83, have shown that more
published data is needed to be able to make a better statement about the accuracy and adequacy of
equation 75. However, a foundation stone has been laid with this equation and can be optimized by
further studies.
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8. Conclusion and outlook

The problem of pollutant accumulation on plastics is present in the marine environment. Such
contaminated plastic particles may have greater ecotoxicological impact on marine organisms
compare to the plastic particles themselves. To understand sorption behaviours of pollutants on
plastics in aquatic milieu, plastic-water partition coefficient (log Kp.w) is often determined and
compared. However, log K, values are available for limited combinations of pollutants and polymers.
For hydrophobic pollutants, it is not easy to implement the experiment to determine log Kp.., values,
since such pollutants may be adsorbed also on the surfaces other than polymer to be tested.

Therefore, the aim of my dissertation was to develop a mathematical equation based on
physicochemical properties of PAHs and plastics to estimate the plastic-water partition coefficient (log
Ky-w). This makes it possible to estimate the sorption potential and potential environmental impact of
existing or newly developed plastic materials based on their PAH accumulation properties.

The plastic-water partition coefficients were first determined on a series of small laboratory scale
experiments. Following this, the second step consisted of correlating single physicochemical
properties of PAHs and plastics with the log K, of the laboratory experiments. Afterwards
physicochemical properties of PAHs and plastics were combined and also correlated against log Kp.w
of the laboratory experiments. Finally, selected equations were compared with a published equation
for LDPE from Lohmann (2012), since it was the only such equation available. This resulted in the
formulation of one final equation that would be tested against literature data.

In the first step a series of sorption isotherm experiments was conducted to determine the plastic-
water partition coefficients of three PAHs, naphthalene, fluorene, and phenanthrene on three
conventional plastics (LDPE, PP, and PET) and one biodegradable plastic (PBS). A total of 12 sorption
experiments were performed. The log Kp.., of Freundlich isotherm increased in the order of PET < PP
< LDPE < PBS for all PAH tested. A comparison of the laboratory-determined partition coefficients
for LDPE with published partition coefficients confirmed the validity of the experimental setup and
its results. The same setup was therefore used for the other plastics. Since the published data base for
the other plastics (PP, PBS, PET) was not so large, the results could only be partially confirmed. The
partition coefficients that could not be confirmed had little or no published data to be compared to.
Therefore, further investigations need to carry out.

In the second step, individual physicochemical properties of the investigated PAHs and plastics were
correlated with the 12 log K, determined from the laboratory experiments. In this thesis significant
linear correlations were observed between these 12 log K. and the octanol-water partition
coefficient (log Kow), molar mass (MW), aqueous solubility (log C.) by Ma et al. (2010) and
hexadecane-water partition coefficient of the tested PAHs for LDPE, PP, PBS and PET with R? > 0.914.
With respect to LDPE, the log Kippe-w - log Kow equation of this thesis showed no significant difference
compared to the six published studies, confirming the validity of the experimental settings. For PP,
PBS, and PET, log Kp.w - log Kow and log Ky.w - MW regression models were developed for the first
time, to the best of knowledge. These models can be applied to estimate log Ky values of other PAHs
with relatively high accuracy, especially three-ring PAHs with log Ko values between 3.35 and 4.45,
for LDPE, PBS, PP, and PET.

Furthermore, the influence of physical, thermodynamic and surface plastic properties of the four
different types of plastics (LDPE, PP, PBS, PET) on the log K. of naphthalene, fluorene and
phenanthrene was analysed. For this purpose, the 12 log Kp. from the laboratory experiments were
initially correlated with thermodynamic plastic properties (crystallinity, melting temperature (Tr),
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glass transition temperature (Tg)) which were measured through differential scanning calorimetry
(DSC). The results of crystallinity as well as melting temperature of the tested plastics LDPE, PP, PBS
and PET correlate well for 2- and 3-ring PAHs, resulting in R2 between 0.76 - 0.99 and 0.74 - 0.98,
respectively. However, from the present results, no correlation of log K,.» greater than R2 = 0.21
could be found for neither individual surface plastic properties nor physical plastic properties.

In the third step, a final equation was developed that allows an estimation of the log K, while the
physicochemical properties of each plastic and PAH taking into account. The different PAH and plastic
properties from step one were first combined with each other and compared to the log K. from the
laboratory experiments. Only a small number of the combinations of plastic and PAH properties (n =
51) met the accuracy specifications to establish the final equation. The PAH properties log Kow, MW,
log Cw% and log Knaw as well as the plastic properties crystallinity and melting temperature were
found to be suitable to determine the partition coefficients of LDPE, PP, PBS and PET. In addition to
the accuracy comparison of the selected equations (n = 51) with each other, the reference equation
by Lohmann (2012) was included as a minimum accuracy criterion for the n = 100 published log
Kippew values. Finally, an equation derived from the physicochemical properties of plastics (X; pi =
crystallinity of plastic i, p i = density of plastic i) and PAH (log Cw*pan; = log water solubility of PAH
j) was identified whose modelled plastic-water partition coefficients (log Kpi.w) had higher accuracy
than the equation from Lohmann (2012). The final equation was as follows:

10g Kp,—y of PAH; = (—1.85 x1og C,,** ... +1.00) * Xc i * pp; + 2.50 equation 75

PAHj

Finally, a transferability of equation 75 to previously published log K. was performed and showed
that 93.0 % (93 out of 100 published log Kippe-w values), 91.7 % (11 out of 12 published log Kpp.w
values), 100 % (2 out of 2 published log Kpss.w values), and 50 % (2 out of 4 published log Kpgr.w
values) of the log K. of LDPE, PP, PBS, and PET were within the limits of this equation.
Comparatively few log Kp.. values were published for PP, PBS, and PET, so a literature comparison
was limited.

However, the equation can be used for future planning of experiments concerning the plastic types
used in this thesis and to estimate the ecotoxicological impact of these plastics in the marine
environment. In the future, this universal equation can be optimized by i) pollutants other than PAHs
and with a log Kow lower than 3.37 and higher than 6.70, ii) plastic properties measured for further
log K,.w experiments, iii) individual correlation between log K,.» and plastic properties (within the
same type of plastic, or different plastics).
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Chapter 1

Table A1.1: log Kpg.w of selected PAHs (L kg)

Booji etal., Adams et al., Karapanagioti etal., Cornelissen etal., Fernandezetal. Smedesetal., Haleetal, Baoetal, Choietal, Zhuetal, Wangetal,
Compound 2003 2007 2008 2008 2009 2009 2010 2012 2013 2015 2019
13°C 30°c
naphthalene 3.04 2.81 3.23 2.94 2.84
acenaphthylene 3.16 3.85
acenaphthene 3.81 3.52 3.62 4.25 3.53 3.94
fluorene 3.78 3.77 4.51 3.67 4.14
phenanthrene 4.41 4.12 4.30 3.96 4.14 4.30 4.22 4.20 4.78 4.04 4.22 4.08
anthracene 5.09 4.71 4.37 4.30 433 4.40 4.15 4.50
fluoranthene 4.90 4.85 4.90 4.93 4.93 4.75 5.05
pyrene 5.23 4.86 5.00 4.70 5.10 5.10 5.07 4.89 5.50
benzo(a)anthracene 5.53 5.48 5.70 5.62 5.50 5.73 5.79 5.43 6.35
chrysene 5.64 5.49 5.70 5.56 5.50 5.78 5.70 5.51 5.99
benzo(b)fluoranthene 6.06 6.30 6.66 6.33 6.06 6.46
benzo(k)fluoranthene 6.07 6.30 6.66 6.56 6.16 6.44
benzo(a)pyrene 5.73 6.06 6.22 6.50 6.75 6.14 6.39
dibenz(a,h)anthracene 7.32 7.20 6.30 7.39
benzo(g,h,i)perylene 5.81 7.27 7.36 6.23 7.20
indeno(1,2,3-cd)pyrene 6.01 7.40 7.04 6.50 7.19

Table A1.2: polymer-water partition coefficient of selected PAHs (L kg1)

Teuten et al., Karapanagioti Leeetal., Wangetal., zhaoetal., Loncarskietal.,
Compound 2007 etal., 2008 2014° 2019 2020 2021°
log Kpp.w log Kep.w log Kep.w log Kep.w log Kegs.w log Kper-w

naphthalene 4.06 4.39
fluorene 4.55
phenanthrene 3.33 2.43 3.73 4.18 4.92

anthracene 4.05

fluoranthene 4.54 4.43
pyrene 4.55 5.04 4.95
chrysene 5.25

benzo(a)pyrene 5.85

dibenz(a,h)anthracene 6.76

benzo(g,h,i)perylene 6.49

a seawater log Kpp.sw values were converted to freshwater log Kpp.., using the Setschenow constant by Jonker and
Muijs (2010); ® Freundlich partition coefficient was selected
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Chapter 2

Table A2.1: values of log Kow, MW, log Cy*2t and log Knaw used in this thesis

sat

no. PAH logKow' MW log C,™  log Kyqw
Q) @gmol) (molm® O
1 naphthalene 3.37 128.18 -0.01 3.65
2 acenaphthylene 3.93 152.20 -0.78 4.33
3 acenaphthene 3.92 154.20 -0.84 4.31
4 fluorene 4.18 166.23 -1.23 4.63
5 phenanthrene 4.46 178.24 -1.61 4.97
6 anthracene 4.60 178.24 -1.61 5.14
7 fluoranthene 5.22 202.26 -2.38 5.89
8 pyrene 5.18 202.26 -2.38 5.84
9 benzo(a)anthracene 5.61 228.30 -3.22 6.36
10 chrysene 5.61 228.30 -3.22 6.36
11 benzo(b)fluoranthene 5.78 252.32 -3.98 6.56
12 benzo(k)fluoranthene 6.11 252.32 -3.98 6.96
13 benzo(a)pyrene 6.20 252.32 -3.98 7.07
14 dibenz(a,h)anthracene 6.50 278.35 -4.82 7.44
15 benzo(g,h,i)perylene 6.63 276.34 -4.75 7.59
16 indeno(1,2,3-cd)pyrene 6.70 276.33 -4.75 7.68

! log K,w-values by Mackay et al. (1992)
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Chapter 4

Table A4.1: pseudo-first-order and pseudo-second-order model parameters for PAH adsorption on MP

PFO PSO
sorbate sample Ky qe (theoretical) R2 tos ka e (theoretical) R tos  q. (experimental)
(17d) (ng/e) (d) (g/ugd) (ne/e) (d) (ug/e)
naphthalene LDPE 1 2.71E+01 19.4 0.999 0.11 1.15E+01 195 0.999 0.08 19.8
LDPE 2 1.976+01 68.9 0.995 0.15 1.22E+00 69.4 0.997 0.22 75.9
LDPE 3 1.23e+01 1,032.4 0.900 0.24 2.58E-02 1,052.1 0.916 0.70 1,566.0
LDPE 4 2.05E+01 321.6 0.987 0.15 2.72E-01 3233 0.990 0.22 355.7
LDPE 5 1.06E+01 4,776.3 0.835 0.28 4.03E-03 4,898.1 0.863 0.96 9,176.9
LDPE6 1.98E+01 1,953.1 0.990 0.15 4.03E-02 1,970.1 0.993 0.24 2,263.2
LDPE 7 6.61E+00 30,386.3 0.675 0.45 2.65E-04 31,3215 0.728 229 44,291.2
PP1 2.02E+00 19.0 0.994 1.48 2.76E-01 19.4 0.999 3.54 19.8
PP2 1.05E+00 51.7 0.960 2.85 2.98E-02 54.8 0.988 11.63 61.6
PP3 1.05E+00 875.6 0.838 9.56 1.27€-03 955.9 0.903 15.65 1,663.7
PP4 1.11E+00 287.8 0.970 2.70 5.93E-03 303.5 0.994 10.56 344.9
PP5 2.99E-01 3,818.8 0.816 10.03 1.15€-04 4,141.0 0.896 39.91 7,675.5
PP6 1.06E+00 1,425.9 0.948 2.82 1.06E-03 1,514.6 0.984 11.85 1,777.6
pPP7 6.61E-02 35,779.1 0.811 45.31 2.54E-06 39,959.1 0.875 187.29 44,024.1
PBS1 3.48E+01 75.1 0.986 0.09 9.76E-01 76.3 0.998 0.26 78.7
PBS 2 2.62E+01 142.2 0.967 0.11 3.36E-01 144.8 0.992 0.39 160.9
PBS3 1.39E401 628.7 0.882 0.22 3.69E-02 640.0 0.925 0.81 989.0
PBS 4 3.09E+01 1,059.3 0.990 0.10 6.03E-02 1,074.9 0.999 0.29 1,138.6
PBSS 2.47E+01 4,850.6 0.921 0.12 5.10E-03 5,492.9 0.718 0.68 7,073.3
PBS 6 2.68E+01 5,352.9 0.988 0.11 9.67E-03 5,437.4 0.999 0.36 5,942.4
PBS7 9.93E+00 26,248.9 0.711 0.30 4.90E-04 26,822.2 0.758 1.44 37,634.8
PET1 1.16E-01 8.1 0.934 25.72 1.67E-02 9.1 0.975 124.36 9.2
PET 2 4.53E-02 216 0.881 66.08 2.51E-03 24.7 0.923 306.14 26.9
PET3 9.14€-02 26.9 0.935 32.77 3.87E-03 30.6 0.974 160.50 339
PET 4 3.57E-02 89.6 0.922 83.84 4.06E-04 106.2 0.948 440.80 98.1
PETS 8.20E-02 98.2 0.935 36.54 9.47E-04 112.2 0.971 178.81 114.1
PET6 4.49E-02 259.8 0.907 66.65 1.92€-04 302.0 0.941 328.42 330.7
PET7 4.38E-02 748.7 0.878 68.33 7.19€-05 852.1 0.920 310.21 7814
fluorene LDPE 1 2.62E+01 233.6 0.927 0.11 1.59E+00 2339 0.928 0.05 300.2
LDPE 2 1.35E+01 494.0 0.942 0.22 8.98E-02 497.3 0.948 0.43 552.8
LDPE 3 5.96E+00 1,694.9 0.669 0.50 3.22E-03 1,760.7 0.724 3.35 2,444.3
LDPE 4 1.23E401 2,091.1 0.960 0.24 2.05E-02 2,102.6 0.964 0.44 2,229.7
LDPES 1.05E+01 3,638.9 0.929 0.28 6.94E-03 3,675.5 0.941 0.75 4,131.8
LDPE6 5.83E+00 7,629.5 0.735 0.51 7.36E-04 79121 0.793 3.26 9,592.6
LDPE 7 4.69E+00 13,496.3 0.694 0.64 2.79E-04 14,137.2 0.765 4.81 17,969.0
PP1 2.90E+01 1389 0.939 0.10 1.96E-02 150.0 0.996 6.45 152.8
PP2 1.89E+01 403.3 0.680 0.16 1.90E-03 470.0 0.988 21.32 561.3
PP3 1.71E-01 1,612.9 0.800 17.47 1.58E-04 1,762.7 0.868 68.01 2,593.6
PP4 1.69E+01 1,609.8 0.829 0.18 6.90E-04 1,866.5 0.985 14.76 2171.2
PPS 5.51E-01 3,226.8 0.921 5.44 2.27E-04 3,490.9 0.973 23.95 4,110.5
PP6 3.52E-01 7,156.8 0.892 8.52 6.68E-05 7,800.1 0.953 36.49 9,694.3
pPP7 1.18E-01 13,568.8 0.889 2539 1.09E-05 15,120.0 0.942 114.81 18,981.9
PBS1 2.98E+01 593.8 0.988 0.10 1.03e-01 602.3 0.993 0.30 609.2
PBS 2 2.04E+01 1,273.5 0.947 0.15 2.74€-02 1,298.3 0.981 0.53 1,402.7
PBS 3 1.47E+01 2,268.8 0.961 0.20 1.06E-02 2,309.0 0.983 0.77 2,522.9
PBS 4 6.33E+01 2,269.2 0.999 0.05 1.24E-01 2,280.6 1.000 0.07 2,359.6
PBSS 4.48E+01 4,114.6 0.993 0.07 2.87E-02 4,159.8 0.999 0.16 4,431.8
PBS 6 2.84E+01 9,315.7 0.969 0.11 5.62E-03 9,490.7 0.991 0.36 10,730.8
PBS7 1.10E+01 17,191.6 0.934 0.27 1.01E-03 17,511.3 0.971 1.07 18,092.8
PET1 1.10E-01 37.2 0.936 27.16 4.11E-03 40.5 0.969 114.19 43.7
PET 2 5.16E-02 87.7 0.942 58.06 6.55E-04 101.5 0.972 285.85 101.6
PET3 5.51E-02 168.8 0.937 54.37 3.71E-04 194.2 0.966 263.78 191.7
PET 4 3.90E-02 454.3 0.968 76.81 8.33E-05 544.1 0.979 419.09 456.6
PETS 3.04E-02 418.3 0.988 98.54 5.85E-05 525.9 0.993 617.79 454.4
PET6 2.43€-02 888.9 0.997 123.14 1.88E-05 1,170.7 0.996 861.84 861.2
PET7 4.10E-02 1,689.8 0.915 73.02 3.77€-05 1,806.0 0.948 278.85 1,798.0
phenanthrene  LDPE 1 1.02E+01 191.9 1.000 0.29 1.44E+00 192.1 1.000 0.07 177.9
LDPE 2 1.01E+01 448.2 1.000 0.30 6.08E-01 448.7 1.000 0.07 418.2
LDPE 3 1.09e+01 625.8 1.000 0.28 4.88E-01 626.5 1.000 0.06 564.9
LDPE 4 1.07E+01 878.6 1.000 0.28 3.06E-01 879.8 1.000 0.07 805.6
LDPE5 8.48E+00 1,507.8 0.999 0.35 5.17E-02 1,515.4 1.000 0.24 1,382.6
LDPE 6 6.36E+00 3,253.2 0.991 0.47 8.01E-03 3,300.4 0.994 0.72 2,453.8
LDPE7 3.49E+00 5,396.2 0.992 0.86 1.61E-03 5,534.1 0.996 214 6,522.4
PP1 2.42E+00 60.3 0.998 1.24 1.31E-01 61.4 1.000 2.36 57.9
PP2 2.36E-01 2,1349 0.932 12.69 1.26E-04 2,4418 0.968 61.79 2,220.5
PP3 2.46E+00 116.9 0.999 1.22 7.39-02 118.9 1.000 2.16 1313
PP4 1.71E-01 3,909.2 0.922 17.50 4.83E-05 4,524.9 0.958 86.88 5,182.7
PPS 2.78E+00 185.7 0.999 1.08 6.60E-02 187.9 1.000 1.53 192.9
PP6 1.03E+00 5,864.3 0.894 2.90 2.01E-04 6,450.7 0.944 14.66 9,288.7
PBS1 7.50E+00 334.7 1.000 0.40 2.19E-01 336.2 1.000 0.26 315.4
PBS 2 7.36E+00 479.2 1.000 0.41 1.40E-01 481.6 1.000 0.28 491.7
PBS3 5.16E+00 644.7 0.999 0.58 3.43E-02 653.3 1.000 0.85 575.7
PBS 4 5.73E+00 881.3 1.000 0.52 3.43E-02 890.0 1.000 0.62 956.5
PBSS 3.56E+00 1,918.3 0.998 0.84 4.88E-03 1,969.7 0.999 1.98 1,644.5
PBS 6 3.37E+00 3,892.8 0.997 0.89 2.14E-03 4,007.5 0.999 221 3,395.5
PBS7 2.14E+00 5,485.4 0.975 1.40 6.64E-04 5,787.0 0.997 4.94 7,688.2
PET1 2.28E-01 214 0.982 13.12 7.36E-03 28.0 0.990 92.32 19.2
PET 2 2.97€-01 117.4 0.958 10.09 1.55E-03 160.9 0.965 76.34 343.8
PET3 1.06E-01 200.9 0.957 28.32 4.15E-04 253.5 0.974 180.78 186.1
PET 4 1.50E-01 368.2 0.973 20.01 1.55E-04 604.5 0.972 202.99 615.2
PETS 1.06E-01 2,367.5 0.732 28.32 1.18E-05 4,078.5 0.968 395.01 2,905.7
PET6 3.13E-01 1,501.2 0.780 9.58 2.04E-04 1,754.7 0.856 52.98 1,551.4
PET 7 3.11E-01 3,360.5 0.879 9.62 9.14E-05 3,923.4 0.933 52.97 3,810.0
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Table A4.2: Glass adsorption determination of each concentration series and experimental series for
naphthalene (NAPH) in duplicates

NAPH on PBS

NAPH on PET

NAPH on LDPE

NAPH on PP

Sample Name Area

Sample Name Area

Sample Name Area

Sample Name Area

NAPH,PBS,E1.1 NF  |NAPH,PET,E1.1  NF  |NAPH,LDPE,E11 NF |NAPH,PP,E11 NF
NAPH,PBS,E1.1 NF  |NAPH,PET,E11  NF  |NAPH,LDPE,E11 NF |NAPH,PP,EL1 NF
NAPH,PBS,E1.2 NF  |NAPH,PET,E12  NF  |NAPH,LDPE,E12 NF |NAPH,PP,E12 NF
NAPH,PBS,E1.2 NF  |NAPH,PET,E12  NF  |NAPH,LDPE,E12 NF |NAPH,PP,E12 NF
NAPH,PBS,E1.3 NF  |NAPH,PET,E14  NF  |NAPH,LDPE,E13 NF |NAPH,PP,E13 NF
NAPH,PBS,E1.3 NF  |NAPH,PET,E14  NF  |NAPH,LDPE,E13 NF |NAPH,PP,E13 NF
NAPH,PBS,E1.5 NF  |NAPH,PET,EL5  NF  |NAPH,LDPE,EL5 NF [NAPH,PP,EL5 NF
NAPH,PBS,E1.5 NF  |NAPH,PET,EL5  NF  |NAPH,LDPE,EL5 NF |NAPH,PP,EL5 NF
NAPH,PBS,E1.6 NF  |NAPH,PET,E17  NF  |NAPH,LDPE,E1.6 NF |NAPH,PP,E16 NF
NAPH,PBS,E1.6 NF  |NAPH,PET,E17  NF  |NAPH,LDPE,E16 NF |NAPH,PP,E16 NF
NAPH,PBS,E1.8 NF  |NAPH,PET,E1.8 NF  |NAPH,LDPE,E1.8 NF |NAPH,PP,E18 NF
NAPH,PBS,E1.8 NF  |NAPH,PET,E1.8 NF  |NAPH,LDPE,E18 NF [NAPH,PP,E18 NF
NAPH,PBS,E1.9 NF  |NAPH,PET,E1.10 NF  |NAPH,LDPE,E19 NF [NAPH,PP,EL9 NF
NAPH,PBS,E1.9 NF  |NAPH,PET,E1.10 NF  |NAPH,LDPE,E19 NF |NAPH,PP,EL9 NF

Abbreviation: NF = not found

Table A4.3: Glass adsorption determination of each concentration series and experimental series for fluorene
(FLN) in duplicates

FLN on PBS FLN on PET FLN on LDPE FLN on PP
Sample Name Area Sample Name  Area |Sample Name Area |Sample Name Area
FLN,PBS,E2.1  NF FLN,PET,E1.1  NF FLN,LDPE,E2.1 NF |FLN,PP,E2.1  NF
FLN, PBS,E 2.1 NF FLN, PET,E 1.1 NF FLN, LDPE,E2.1 NF FLN, PP, E 2.1 NF
FLN, PBS, E 2.2 NF FLN, PET,E 1.2 NF FLN, LDPE,E2.2 NF FLN, PP, E 2.2 NF
FLN, PBS, E 2.2 NF FLN, PET,E 1.2 NF FLN,LDPE,E2.2 NF |FLN,PP,E2.2 NF
FLN,PBS,E2.3  NF FLN,PET,E1.4  NF FLN,LDPE,E2.3 NF |FLN,PP,E2.3  NF
FLN,PBS,E2.3  NF FLN,PET,E1.4  NF FLN,LDPE,E2.3 NF |FLN,PP,E2.3  NF
FLN,PBS,E2.5  NF FLN,PET,E15  NF FLN,LDPE,E3.5 NF |FLN,PP,E2.5 NF
FLN, PBS,E 2.5 NF FLN, PET,E 1.5 NF FLN, LDPE,E3.5 NF FLN, PP, E 2.5 NF
FLN, PBS,E 2.6 NF FLN, PET,E 1.7 NF FLN, LDPE,E2.6 NF FLN, PP,E 2.6 NF
FLN, PBS, E 2.6 NF FLN, PET,E 1.7 NF FLN, LDPE,E2.6  NF FLN, PP, E 2.6 NF
FLN, PBS, E 2.7 NF FLN, PET,E 1.8 NF FLN,LDPE,E2.7 NF |FLN,PP,E2.7 NF
FLN,PBS,E2.7  NF FLN,PET,E1.8  NF FLN,LDPE,E2.7 NF |FLN,PP,E2.7 NF
FLN,PBS,E2.8  NF FLN, PET,E1.10 NF FLN,LDPE,E2.8 NF |FLN,PP,E2.8 NF
FLN, PBS,E 2.8 NF FLN, PET,E1.10 NF FLN, LDPE,E2.8 NF FLN, PP, E 2.8 NF

Abbreviation: NF = not found

Table A4.4: Glass adsorption determination of each concentration series and experimental series for
phenanthrene (PHEN) in duplicates

PHEN on PBS PHEN on PET PHEN on LDPE PHEN on PP
Sample Name Area |[Sample Name Area |Sample Name  Area [Sample Name Area
PHEN, PBS,1E  NF PHEN, PET,1E  NF PHEN,LDPE,1E NF  |PHEN,PP,1E  NF
PHEN, PBS,1E  NF PHEN, PET,1E  NF PHEN,LDPE,1E NF |PHEN,PP,1E  NF
PHEN, PBS,2E  NF PHEN, PET,2E NF PHEN, LDPE,2E  NF PHEN, PP, 2 E NF
PHEN, PBS,2E  NF PHEN, PET,2E  NF PHEN,LDPE,2E NF  |PHEN,PP,2E  NF
PHEN, PBS,3E  NF PHEN, PET,4E  NF PHEN,LDPE,3E NF  |PHEN,PP,4E  NF
PHEN, PBS,3E  NF PHEN, PET,4E  NF PHEN, LDPE,3E NF  |PHEN,PP,4E  NF
PHEN, PBS,4E  NF PHEN, PET,5E NF PHEN, LDPE,4E  NF PHEN, PP, 5 E NF
PHEN, PBS,4E  NF PHEN, PET,5E NF PHEN, LDPE,4E  NF PHEN, PP, 5 E NF
PHEN, PBS,5E  NF PHEN, PET,6E  NF PHEN, LDPE,5E NF  |PHEN,PP,7E  NF
PHEN, PBS,5E  NF PHEN, PET,6E  NF PHEN, LDPE,5E NF  |PHEN,PP,7E  NF
PHEN, PBS,6 E  NF PHEN, PET,8E NF PHEN, LDPE,6 E  NF PHEN, PP, 8 E NF
PHEN, PBS,6 E  NF PHEN, PET,8E NF PHEN, LDPE,6 E  NF PHEN, PP, 8 E NF
PHEN, PBS,7E  NF PHEN, PET,9E NF PHEN, LDPE,7E  NF
PHEN, PBS,7E  NF PHEN, PET,9E  NF PHEN, LDPE,7E  NF
PHEN, LDPE,1E  NF
PHEN, LDPE,1E  NF
PHEN, LDPE,2E  NF
PHEN, LDPE,2E  NF
PHEN, LDPE,3E  NF
PHEN, LDPE,3E  NF
PHEN, LDPE,4E  NF
PHEN, LDPE,4E  NF
PHEN, LDPE,5E  NF
PHEN, LDPE,5E  NF
PHEN, LDPE,6E  NF
PHEN, LDPE,6E  NF

Abbreviation: NF = not found
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Chapter 5

Table A5.1: log Kow and log Kipprw (L kg1) selected PAHs

PAHs Booij et al. (2003) Adams et al. (2007) Smedes et al. (2009) Choi et al. (2013)* Zhu et al. (2015)
log Kow log Kippe.w log Kow log Kippe.w log Kow 1og Kippe.w log Kow 1og Kipp.w log Kow log Kippe.w
naphthalene 3.37 2.81 3.3 3.23 3.37 2.94
acenaphthylene 4 3.16 4 3.85
acenaphthene 3.92 3.7 3.92 3.62 3.92 3.53 3.92 3.94
fluorene 4.18 3.77 4.18 3.67 4.18 4.14
phenanthrene 4.57 4.3 4.5 4.3 4.57 4.22 4.46 4.04 4.57 4.22
anthracene 4.54 4.33 4.45 4.15 4.54 4.50
fluoranthene 5.22 4.9 5.1 4.9 5.22 4.93 5.16 4.75 5.22 5.05
pyrene 5.18 5.1 5 5 5.18 5.1 4.88 4.89 5.18 5.50
benzo(a)anthracene 5.91 5.5 5.62 5.7 5.91 5.73 5.76 5.43 5.91 5.99
chrysene 5.86 5.6 5.9 5.7 5.86 5.78 5.81 5.51 59 6.66
benzo(b)fluoranthene 5.9 6.66 5.78 6.06 5.9 6.66
benzo(k)fluoranthene 5.9 6.66 6.11 6.16 5.9 6.66
benzo(a)pyrene 6.04 5.9 6.04 6.75 6.13 6.14 6.04 6.46
dibenz(a,h)anthracene 6.75 7.32 6.8 6.3 6.75 7.32
benzo(g,h,i)perylene 6.5 7.27 6.7 6.23 6.5 7.27
indeno(1,2,3-cd)pyrene 6.5 7.4 6.7 6.5 6.5 7.4
benzo(e)pyrene 5.9 6.04 5.3 6.2 6.44 6.04
2-methyl phenanthrene 52 4.8
perylene 6.3 6.5 6.25 5.92

2 log Kippr.w Of 17 parent PAHs were presented

Table A5.2: log Kow and log Kpp.w (L kg!) selected PAHs

PAHs Lee et al. (2014)? Lonéarski et al. (2021)°
log Kow log Kpp.w log Kow log Kpp.
naphthalene 3.37 4.18
acenaphthylene
acenaphthene
fluorene 4.18 4.16
phenanthrene 4.57 3.73
anthracene 4.54 4.05
fluoranthene 5.22 4.54 5.22 4.29
pyrene 5.18 4.55 5.18 4.27
benzo(a)anthracene
chrysene 5.86 5.25
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene 6.04 5.85
dibenz(a,h)anthracene 6.75 6.76
benzo(g,h,i)perylene 6.5 6.49

indeno(1,2,3-cd)pyrene

2 converted to log Kpp.,, in fresh water based on the Setschenow constant from Jonker and Muijs (2010); ° converted to log Kpp.,, in fresh
water based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs

(2010)
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Table A5.3: log Kow and log Kperw (L kg!) selected PAHs

PAHs Lonéarski et al. (2021)?
log Ko log Kpgr-w

naphthalene 3.37 4.39

acenaphthylene

acenaphthene

fluorene 4.18 4.55

phenanthrene

anthracene

fluoranthene 5.22 4.43

pyrene 5.18 4.95

benzo(a)anthracene

chrysene

benzo(b)fluoranthene

benzo(k)fluoranthene

benzo(a)pyrene

dibenz(a,h)anthracene

benzo(g,h,i)perylene

indeno(1,2,3-cd)pyrene

2 log Kper.w values of four PAHs in synthetic water by Lonéarski 2021 were converted to log Kpgrw in fresh water, based on the Setschenow
constant from Burant et al. (2016) and Jonker and Muijs (2010)

Table A5.4: MW (g mol!) and log Kipprw (L kg1) selected PAHs

PAHs Smedes et Choi et
al. (2007) al. (2013)"
MW log Kippg.w log Kippg.w

naphthalene 128.2 2.81 3.23
acenaphthylene 152.2 3.16

acenaphthene 154.2 3.62 3.53
fluorene 166.2 3.77 3.67
phenanthrene 178.2 4.22 4.04
anthracene 178.2 4.33 4.15
fluoranthene 202.3 4.93 4.75
pyrene 202.3 5.1 4.89
benzo(a)anthracene 228.3 5.73 5.43
chrysene 228.3 5.78 5.51
benzo(b)fluoranthene 252.3 6.66 6.06
benzo(k)fluoranthene 252.3 6.66 6.16
benzo(a)pyrene 252.3 6.75 6.14
dibenz(a,h)anthracene 278.4 7.32 6.3
benzo(g,h,i)perylene 276.3 7.27 6.23
indeno(1,2,3-cd)pyrene 276.3 7.4 6.5
perylene 252.32 5.92

2 log Kippr.w Of 17 parent PAHs were presented
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Table A5.5: MW (g mol') and log Kep.w (L kg'1) selected PAHs

PAHSs Lee et al. Loncarski et

(2014)* al. (2021)°
Mw log Kpp.w log Kpp.w

naphthalene 128.2 4.18

acenaphthylene 152.2

acenaphthene 154.2

fluorene 166.2 4.16

phenanthrene 178.2 3.73

anthracene 178.2 4.05

fluoranthene 202.3 4.54 4.29

pyrene 202.3 4.55 4.27

benzo(a)anthracene 228.3

chrysene 228.3 5.25

benzo(b)fluoranthene 252.3

benzo(k)fluoranthene 252.3

benzo(a)pyrene 252.3 5.85

dibenz(a,h)anthracene 278.4 6.76

benzo(g,h,i)perylene 276.3 6.49

indeno(1,2,3-cd)pyrene 276.3

a converted to log Kepw in fresh water based on the Setschenow constant from Jonker and Muijs (2010); b converted to log
Kpp.w in fresh water based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)

Table A5.6: MW (g mol!) and log Kper.w (L kg'1) selected PAHs

PAHSs Loncarski et
al. (2021)*

MW log Kpgr.w

naphthalene 128.2 4.39

acenaphthylene 152.2

acenaphthene 154.2

fluorene 166.2 4.55

phenanthrene 178.2

anthracene 178.2

fluoranthene 202.3 4.43

pyrene 202.3 4.95

benzo(a)anthracene 228.3

chrysene 228.3

benzo(b)fluoranthene 252.3

benzo(k)fluoranthene 252.3

benzo(a)pyrene 252.3

dibenz(a,h)anthracene 278.4

benzo(g,h,i)perylene 276.3

indeno(1,2,3-cd)pyrene 276.3

a Log Kper.w values of four PAHs in synthetic water by Loncarski et al. 2021 were converted to log Keerw in fresh water,
based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)
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Chapter 6
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Figure A6.1: DSC Analysis of LDPE
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Figure A6.2: DSC Analysis of PP
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Figure A6.3: DSC Analysis of PBS
Durchfluss /(ml/min)
DSC /(mW/mg) DDSC /(mW/mg/min)
0.8 1 | exo - 0.4
f | 250
071k i A 0.2
1! \\ }_f l VAN e s
0.6 - | s e e+ o ¢ e £ e i <8 A l f’ _.._....____‘\. f -—--..-—--..........11:.— r....._.. s+ 200 0.0
] li Vi i
051 _ i oo Al; 0.2
] Gt " 7g 5 \';I?ir%pé egﬁ-fg;g ] - 150
1 P . 3, eak*: 138.8° :
0.4 1 mﬁﬁlbunkt 704G Onset 1280°C 7. L 0.4
] R » : 1617 °
R bamce 03 Jig) Brete: 1271637000 % %
0.3 Onset 0251 °C ‘ Hohe:  0.2192mWMG  i(omp), : L. _n3t100 |-06
] Midpkt.: 204°C I
1 Wen:.iepunkt: 340 :C g |
0.2 ggﬁ-c - 43'32&:{ " Enier Saee I -0.8
] P S Breite: 157 “C(3}3.000 %)
Hohe: 0454?%&%9 - 50
0.1 1 ’ 1 L3 +-1.0
i © '
0.0 0 12
-50 0 50 100 150 200 250
I } Temperatur /°C
Figure A6.4: DSC Analysis of PET
From the DSC analyses, the thermal properties such as Tg, X. and T, were obtained (Table A6.1)
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Table A6.1: Results of DSC Analysis for LDPE, PP, PBS and PET
Melting enthalpy of

plastic type 0 ) Te . Tm 100 % crystalline ) Xe
with DSC with DSC polymer with DSC

(gcm-3) (°C) (°c) veh (%)
LDPE 0.92 -46.9 (Midp.) 111.8 2881 47.81
PP 0.91 22.9 (Midp.) 166.3 2092 40.09
PBS 1.24 -45.5 (Midp.) 90.3 110.5° 59.40
PET 1.34 77.8 (Midp.) 251.5 140* 5.29
1 Khonakdar et al. (2006)
2 Gahleitner et al. (1999)
3 Xu et al. (2008)
4 Badia et al. (2012)
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Figure A6.5: Evaluating the BET surface area of LDPE
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The adsorbed and desorbed amount of Nj-gas in an isothermal state on the LDPE particles was investigated
(left Figure), so the BET surface plots could be derived (right Figure) and the BET surface area of 3.1586 m?

g1 could be determined.
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Isotherm Linear Plot
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Figure A6.6: Evaluating the BET surface area of PP

The adsorbed and desorbed amount of Nj-gas in an isothermal state on the PP particles was investigated (left
Figure), so the BET surface plots could be derived (right Figure) and the BET surface area of 11.4393 m? g'!
could be determined.
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Figure A6.7: Evaluating the BET surface area of PBS

The adsorbed and desorbed amount of Ny-gas in an isothermal state on the PBS particles was investigated (left
Figure), so the BET surface plots could be derived (right Figure) and the BET surface area of 2.7728 m? g'!
could be determined.
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Isotherm Linear Plot BET Surface Area Plot
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Figure A6.8: Evaluating the BET surface area of PET

The adsorbed and desorbed amount of N»-gas in an isothermal state on the PET particles was investigated (left
Figure), so the BET surface plots could be derived (right Figure) and the BET surface area of 4.2438 m? g'!
could be determined.
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Figure A6.9: Evaluating the pore volume of LDPE

While the BET surface area was measured, the pore volume of LDPE was also recorded at the same time, which
is 0.002009 cm3 g
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Figure A6.10: Evaluating the pore volume of PP

While the BET surface area was measured, the pore volume of PP was also recorded at the same time, which is
0.007317 cm?® g'l.
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Figure A6.11: Evaluating the pore volume of PBS

While the BET surface area was measured, the pore volume of PBS was also recorded at the same time, which
is 0.001826 cm? g1
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Figure A6.12: Evaluating the pore volume of PET

While the BET surface area was measured, the pore volume of PET was also recorded at the same time, which
is 0.002828 cm? gl

Table A6.2: Results of particle size distribution (dso) with Malvern Unit for LDPE

Trend

Mittel
1xStd. Abw.
1xRSD (%)
Min.
Max.

Table A6.3: Results of particle size distribution (dso) with Malvern Unit for PP

Messdatensatz-Nr.

19
20
21
22
23
24
25
26

Probenname
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs
201217_LDPE102.50_sdbs

Dx (10) (um) Dx (50) (um)

145
146
135
138
139
137
133
133
138
4,75
3,43
133
146

459
477
435
458
466
453
441
447
455
13,6
3,00

477

Dx (90) (um) Gewichtete Abweichung (%)

894
951
856
898
909
201
856
885
894
30,6
342
856
951

0,54
0,57
0,57
0,59
0,56
0,58
0,58
0,59
0,57
0,02
2,66
0,54
0,59

Laserabschattung (%)

6,97
7,08
6,68
6,75
6,74
6,67
6,57
6,52
6,75
0,19
2,85
6,52
7,08

Trend
Messdatensatz-Nr. Probenname Dx (10) (um) Dx (50) (um) Dx (90) (um) Gewichtete Abweichung (%) Laserabschattung (%)

11 201217_PP200.00 190 541 1000 0,62 5,94

12 201217_PP200.00 179 525 1010 0,58 563

13 201217_PP200.00 177 516 975 0,62 5,61

14 201217_PP200.00 193 554 1020 0,64 6,11

15 201217_PP200.00 194 536 995 0,63 6,20

16 201217_PP200.00 190 544 1010 0,69 6,02

17 201217_PP200.00 181 532 995 0,66 5,67

Mittel 186 536 1000 0,64 5,88

1xStd. Abw. 7,14 12,5 14,6 0,03 0,25

1xRSD (%) 3,84 2,33 1,46 5,06 4,18

Min. 177 516 975 0,58 5.61

Max. 194 554 1020 0,69 6,20
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Table A6.4: Results of particle size distribution (dso) with Malvern Unit for PBS

Trend

Mittel
1xStd. Abw.
1xRSD (%)
Min.
Max.

Table A6.5: Results of particle size distribution (dso) with Malvern Unit for PET

""MI.L'Nr.
28
29
30
31
32
33
34
35

201217_PBS900_sdbs
201217 _PBS900_sdbs
201217 _PBS900_sdbs
201217_PBS900_sdbs
201217 _PBS900_sdbs
201217 _PB5900_sdbs
201217 _PBS900_sdbs
201217 _PB5900_sdbs

Dx (10) (um) Dx (50) (um) Dx (90) (um) Gewichtete Abweichung (%) Laserabschattung (%)

143
144
141
142
140
141
140
141
141
1,36
0,965
140

532
546
524
529
534
544
528
542
535
831
1,55
524
546

1130
1180
1110
1120
1160
1130
1090
1170
1140
38,2
3,33
1090
11920

0,49
0,48
0,53
0,54
048
0,49
0,66
0,55
0,53
0,06
11,78
0,48
0,66

9,75
10,03
10,27
10,48
10,63
10,85
10,94
11,18
10,52

0,48
4,59

9,75
11,18

Trend
Messdatensatz-Nr. Probenname Dx (10) (um) Dx (50) (am) Dx (90) (pm) Gewichtete Abweichung (%) Laserabschattung (%)
37 201217_PET400_sdbs 293 677 1170 105 7,37
38 201217_PET400_sdbs 302 696 1220 110 7,53
39 201217_PET400_sdbs 295 681 1200 0,94 7,53
40 201217 PETA00_sdbs 296 681 1200 1,04 7,72
a1 201217_PET400_sdbs 295 685 1200 1,00 7,80
a2 201217_PET400_sdbs 300 680 1170 1,16 7,96
43 201217_PET400_sdbs 290 601 1240 1,04 7,88
4 201217 PETA00_sdbs 297 689 1210 1,07 818
Mittel 296 685 1200 1,05 7,75
1xStd. Abw. 3,92 6,67 23,8 0,07 0,26
1xRSD (%) 1,32 0,974 1,99 6,22 3,39
Min. 290 677 1170 0,94 7.37
Max. 302 696 1240 116 818
Table A6.6: Determination of correlation coefficients for plastic properties and log Kp. values
SA Vp dispers SFE  polar SFE Y SFE
R2 R2 R2 R2 R
NAPH  0.10 0.11 0.07 0.21 0.12
FLU  0.03 0.03 0.03 8.97E-04 0.01
PHEN 0.08 0.09 3.20E-07 0.04 0.01
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Chapter 7

Table A7.1 Calculation of Ry2 and R.2 with the matrix of one PAH property multiplied with two plastic properties
(p! as fixed parameter) and the log K, matrix

propelzltj'slt)lfoduc[ PAH properties
It ond 10g Kow log Ko, MW MW log C,* log ¢, ™ 10g Ky log Kyg
fixed ¥ variable ] [l (g mol”) (mol g™) (mol m?) (m®mol™) 0 Sl

parameter parameter R? Ry R? Ry? R? Ry? R? Ry? Rz Ry? R} Ry? R} Ry? RS2 Ry
dso (um) 0.15 0.69 0.13 0.69 0.16 0.69 0.13 0.68 0.15 0.69 0.02 0.62 0.15 0.62 0.13 0.68
dso ! (um™) 0.13 0.80 0.10 0.79 0.13 0.79 0.09 0.78 0.16 0.79 0.00 0.71 0.13 0.71 0.09 0.78
T () 0.22 0.66 0.19 0.65 0.22 0.66 0.18 0.65 0.21 0.66 0.03 0.59 0.22 0.59 0.18 0.65
T (K1) 0.35 0.84 0.27 0.82 0.36 0.83 0.26 0.82 0.41 0.83 0.01 0.74 0.35 0.74 0.27 0.82
Ty (K) 0.38 0.58 0.30 0.57 0.38 0.58 0.29 0.57 0.41 0.58 0.02 0.52 0.37 0.52 0.29 0.57
T " 0.17 0.80 0.13 0.79 0.17 0.80 0.12 0.79 0.21 0.80 0.00 0.71 0.17 0.71 0.12 0.79
ot X (%) 0.65 0.93 0.52 0.91 0.66 0.92 0.50 0.90 0.72 0.92 0.03 0.81 0.65 0.81 0.51 0.91
(em’g™) X" 0.70 0.08 0.56 0.08 0.71 0.08 0.54 0.08 0.76 0.08 0.03 0.08 0.69 0.08 0.55 0.08
SA (m2g™) 0.02 0.41 0.02 0.40 0.02 0.41 0.02 0.40 0.02 0.41 0.00 0.38 0.02 0.38 0.02 0.40
SA™ (gm™®) 0.29 0.81 0.23 0.80 0.29 0.81 0.22 0.79 0.31 0.81 0.01 0.71 0.28 0.70 0.22 0.80
Vp (em? g™) 0.03 0.41 0.02 0.41 0.03 0.41 0.02 0.40 0.03 0.41 0.00 0.38 0.03 0.38 0.02 0.41
vp' (g em™) 0.29 0.81 0.23 0.80 0.29 0.81 0.22 0.79 0.31 0.81 0.01 0.71 0.28 0.71 0.22 0.80
Y SFE(mNm™) | 0.06 0.72 0.05 0.70 0.06 0.71 0.05 0.70 0.05 0.71 0.02 0.62 0.06 0.62 0.05 0.70
Y SFE'(mNm™)|  0.00 0.65 0.00 0.65 0.00 0.65 0.00 0.64 0.01 0.65 0.00 0.59 0.00 0.59 0.00 0.65

Table A7.2: Calculation of Ry? and R,? with the matrix of one PAH property multiplied with two plastic
properties (dso as fixed parameter) and the log Kp.» matrix

propelj'lrayssfo duct PAH properties
- o 10g Ko log Ko, MW Mw? log C,* log €, 108 Ko 108 Kyaw

fixed * variable Sl ) (g mol’) (mol g”) (mol m™) (m® mol™) Q] [l
parameter parameter R? Ry? R? Ry? R.?2 Ry R? Ry? R? Ry? R2 Ry? R2 Ry R2 Ry
p (g em?) 0.23 0.54 0.18 0.54 0.24 0.54 0.17 0.53 0.27 0.54 0.00 0.48 0.23 0.48 0.17 0.53
pt(em’g?) 0.15 0.69 0.13 0.69 0.16 0.69 0.13 0.68 0.15 0.69 0.02 0.62 0.15 0.62 0.13 0.68
T (K) 0.70 0.50 0.55 0.49 0.71 0.50 0.54 0.49 0.76 0.50 0.03 0.44 0.69 0.44 0.54 0.49
T (K1) 0.15 0.69 0.13 0.69 0.16 0.69 0.13 0.68 0.15 0.69 0.02 0.62 0.15 0.62 0.13 0.68
Ty (K) 0.54 0.41 0.42 0.40 0.54 0.41 0.41 0.40 0.60 0.41 0.02 0.36 0.53 0.36 0.41 0.40
Ty KD 0.29 0.81 0.22 0.80 0.29 0.81 0.22 0.79 0.33 0.81 0.01 0.71 0.29 0.71 0.22 0.80
dso B Xe (%) 0.84 0.94 0.68 0.93 0.85 0.94 0.66 0.92 0.89 0.94 0.05 0.82 0.83 0.82 0.67 0.93
(um) X 0.65 0.04 0.52 0.04 0.66 0.04 0.50 0.04 0.71 0.04 0.03 0.04 0.64 0.04 0.51 0.04
SA (m? g™ 0.12 0.40 0.09 0.39 0.12 0.40 0.09 0.39 0.12 0.40 0.01 037 0.11 0.36 0.09 0.39
SA™ (gm™®) 0.08 0.70 0.07 0.69 0.08 0.70 0.07 0.68 0.08 0.70 0.01 0.60 0.08 0.60 0.07 0.68
Vp (cm® g 0.13 0.40 0.10 0.39 0.13 0.40 0.10 0.39 0.13 0.40 0.01 0.36 0.12 0.36 0.10 0.39
Vp' (g em™) 0.09 0.71 0.08 0.70 0.09 0.71 0.08 0.69 0.09 0.71 0.01 0.61 0.09 0.61 0.08 0.69
S SFEmNm™)| 0.04 0.51 0.02 0.50 0.04 0.51 0.02 0.49 0.05 0.51 0.00 0.44 0.04 0.44 0.02 0.50
¥ SFE' (mNm™)|  0.04 0.65 0.04 0.64 0.04 0.65 0.04 0.64 0.03 0.65 0.01 0.59 0.04 0.59 0.04 0.64

Table A7.3: Calculation of Ry? and R,? with the matrix of one PAH property multiplied with two plastic
properties (dso! as fixed parameter) and the log K, matrix

propeny produc P properis
15 ond log Ko log Ko, MW Mw? log G, log ™! 10g Kngw 1og Kngu*
fixed * variable Sl ) (g mol™) (molg?) (mol m™) (m*mol™) (] (]
parameter parameter R? R, R? R, R? Ry? R? Ry? R? Ry R? Ry R.? Ry? R? Ry?
p (g cm?) 021 0.76 0.17 0.75 021 0.76 0.17 074 0.20 0.76 0.02 0.67 0.20 0.67 0.17 0.75
p(em’g?) 0.13 0.80 0.10 0.79 0.13 0.79 0.09 078 0.16 0.79 0.00 071 0.13 071 0.09 0.78
T (K) 0.28 0.70 023 0.69 0.28 0.70 023 0.69 0.26 0.70 0.04 0.62 0.27 0.62 023 0.69
T, &Y 0.65 0.87 051 0.86 0.65 0.87 0.49 0.85 071 0.87 0.03 0.77 0.64 0.77 0.50 0.86
Ty (K) 039 0.62 0.30 0.61 0.40 0.62 0.29 0.61 0.44 0.62 0.01 055 0.38 055 0.30 0.61
T, KD 0.26 0.83 0.20 0.82 027 0.83 0.19 081 0.30 0.83 0.01 0.73 0.26 073 0.20 0.82
g’ . X (%) 0.79 0.95 0.63 0.94 0.80 0.95 0.61 0.93 0.86 0.95 0.04 0.83 0.78 0.83 0.62 0.93
(um) X% 0.67 0.08 0.53 0.08 0.68 0.08 052 0.08 0.73 0.08 0.03 0.07 0.66 0.07 0.52 0.08
SA (m2 g 0.02 0.47 0.02 0.46 0.02 0.47 0.02 0.46 0.02 0.47 0.00 0.43 0.02 043 0.02 0.46
sa'l(gm?) 035 0.82 0.28 0.80 035 0.81 027 0.79 037 081 0.02 071 0.34 071 027 0.80
Vp (em® g™) 0.02 0.47 0.02 0.47 0.02 0.47 0.02 0.46 0.02 0.47 0.00 0.43 0.02 043 0.02 0.47
vp' (g em™) 035 0.82 0.28 0.80 035 0.82 027 0.80 037 0.82 0.02 071 0.34 071 027 0.80
Y SFE(mNm™)| 012 0.72 0.11 071 0.12 0.72 0.11 0.70 0.11 072 0.02 0.62 0.12 0.62 0.11 0.70
Y SFE'(mNm™")|  0.02 0.70 0.01 0.70 0.02 0.70 0.01 0.69 0.03 0.70 0.00 0.64 0.02 0.63 0.01 0.70
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Table A7.4: Calculation of Ry? and R.? with the matrix of one PAH property multiplied with two plastic
properties (Tn as fixed parameter) and the log K. matrix

pmpe‘:_l:;;':o duct PAH properties
It ond log Ko, log Koy MW Mw? log C,** log G, log Ky, 10g Kyau "

fixed variable () ) (g mol™) (mol g™) (molm?) (m®mol™) () ()
parameter parameter Rp2 Ry? RS2 Ry? R2 Ry? R2 Ry R2 Ri2 R2 Ry? R2 Ry? R2 Ry
p(gcm?) 0.47 0.52 0.36 0.51 047 0.52 0.35 0.51 0.52 0.52 0.02 0.46 0.46 0.46 0.36 0.51
pt(em’g?) 0.35 0.84 0.27 0.82 0.36 0.83 0.26 0.82 0.41 0.83 0.01 0.74 0.35 0.74 0.27 0.82
dso (um) 0.70 0.50 0.55 0.49 0.71 0.50 0.54 0.49 0.76 0.50 0.03 0.44 0.69 0.44 0.54 0.49
dso” (um™) 0.65 0.87 0.51 0.86 0.65 0.87 0.49 0.85 0.71 0.87 0.03 0.77 0.64 0.77 0.50 0.86
Ty (K) 0.66 0.38 0.52 0.38 0.67 0.38 0.50 0.37 0.72 0.38 0.03 0.34 0.65 0.34 0.51 0.38
Ty KD 0.44 0.88 0.34 0.86 0.44 0.87 0.33 0.85 0.49 0.87 0.02 0.77 043 0.77 0.34 0.86
Th . Xe (%) 0.77 0.94 0.62 0.92 0.78 0.93 0.60 091 0.83 0.93 0.04 0.82 0.76 0.82 0.61 0.92
® " XM 0.65 0.08 0.52 0.08 0.66 0.08 0.50 0.08 0.71 0.08 0.03 0.08 0.64 0.08 0.51 0.08
SA (m2g") 0.13 0.38 0.10 0.38 0.13 0.38 0.10 0.37 0.13 0.38 0.01 0.35 0.12 0.35 0.10 0.37
sa' gm?) 0.44 0.83 0.36 0.81 045 0.83 0.35 0.80 0.46 0.83 0.03 0.71 043 0.71 0.35 0.81
Vp (em? g™) 0.14 0.38 0.11 0.37 0.14 0.38 0.11 0.37 0.14 0.38 0.01 0.35 0.14 0.35 0.11 0.37
vp' (g em™) 0.45 0.83 0.36 0.82 045 0.83 0.35 0.81 0.47 0.83 0.03 0.72 0.44 0.72 0.36 0.82
Y SFE(mNm') | 013 0.48 0.10 0.47 0.13 0.48 0.09 0.47 0.16 0.48 0.00 0.42 0.13 0.42 0.10 0.47
Y SFE'(mNm™) | 0.05 0.74 0.03 0.74 0.05 0.74 0.03 0.73 0.07 0.74 0.00 0.67 0.05 0.67 0.03 0.73

Table A7.5: Calculation of Ry? and R,? with the matrix of one PAH property multiplied with two plastic
properties (T! as fixed parameter) and the log K, matrix

pmpeﬂ;s‘;:()dua PAH properties
I ond log Ko, log Koy MW Mw? log C,*™ log C,** 108 Kyaw 1og Kyg™*
fixed  * variable 8 ) (g mol’) (molg?) (mol m?) (m*mol™) ) (Sl
parameter parameter R? Ry? R2 Ry? R2 Ry2 R2 Ry? R? Ry? R2 Ry2 R? Ry2 RS2 Ry?
p(gcm?) 0.30 0.78 0.25 0.77 0.30 0.78 0.25 0.76 0.29 0.78 0.04 0.68 0.29 0.68 0.25 0.76
pt(em’g?) 0.35 0.84 0.27 0.82 0.36 0.83 0.26 0.82 0.41 0.83 0.01 0.74 0.35 0.74 0.27 0.82
dso (um) 0.31 0.76 0.26 0.75 0.31 0.76 0.26 0.74 0.30 0.76 0.04 0.67 0.31 0.67 0.26 0.75
dsg! (um™) 0.65 0.87 0.51 0.86 0.65 0.87 0.49 0.85 0.71 0.87 0.03 0.77 0.64 0.77 0.50 0.86
Ty (10 0.09 0.65 0.07 0.64 0.09 0.64 0.06 0.63 0.12 0.64 0.00 0.57 0.09 0.57 0.06 0.64
T KD 0.44 0.88 0.34 0.86 0.44 0.87 0.33 0.85 0.49 0.87 0.02 0.77 0.43 0.77 0.34 0.86
Tm' N X (%) 0.87 0.96 0.70 0.94 0.88 0.95 0.68 0.93 0.93 0.95 0.05 0.83 0.86 0.83 0.69 0.94
®" A X @ 0.65 0.08 0.52 0.08 0.66 0.08 0.50 0.08 0.71 0.08 0.03 0.08 0.64 0.08 0.51 0.08
SA (m2g") 0.01 0.49 0.01 0.49 0.01 0.49 0.01 0.49 0.01 0.49 0.00 045 0.01 0.45 0.01 0.49
sa’ (gm?) 0.44 0.83 0.36 0.81 0.45 0.83 0.35 0.80 0.46 0.83 0.03 0.71 043 0.71 0.35 0.81
Vp (em® g™) 0.01 0.50 0.01 0.49 0.01 0.50 0.01 0.49 0.01 0.50 0.00 045 0.01 0.45 0.01 0.49
Vp' (g em™) 0.45 0.83 0.36 0.82 0.45 0.83 0.35 0.81 047 0.83 0.03 0.72 0.44 0.72 0.36 0.82
¥ SFE (mN m™) 0.19 0.72 0.16 0.71 0.19 0.72 0.16 0.70 0.18 0.72 0.03 0.62 0.19 0.62 0.16 0.70
> SFE! (m Nm™) 0.05 0.74 0.03 074 0.05 0.74 0.03 0.73 0.07 0.74 0.00 0.67 0.05 0.67 0.03 0.73

Table A7.6: Calculation of Ry? and R,? with the matrix of one PAH property multiplied with two plastic
properties (T, as fixed parameter) and the log K, matrix

propelzltj'slt)i:oduct PAH properties
I ond log Koy, log Koy MW MW log C,* log C,™ " 108 Kng 10g Kngw "
fixed * variable 6] [G] (g mol™) (molg?) (mol m™) (m*mol™) [l ©
parameter parameter R? Ry? R? Ry R? Ry? R? Ry2 R2 Ry R? Ry? R2 R? R2 Ry?
p (gem?) 0.39 0.42 0.30 0.42 0.39 0.42 0.29 0.41 0.44 0.42 0.01 0.37 0.38 0.37 0.29 0.42
pt(em’g?) 0.38 0.58 0.30 0.57 0.38 0.58 0.29 0.57 0.41 0.58 0.02 0.52 0.37 0.52 0.29 0.57
dso (um) 0.54 0.41 0.42 0.40 0.54 0.41 0.41 0.40 0.60 0.41 0.02 0.36 0.53 0.36 0.41 0.40
dso ! (um™) 0.39 0.62 0.30 0.61 0.40 0.62 0.29 0.61 0.44 0.62 0.01 0.55 0.38 0.55 0.30 0.61
T (K) 0.66 0.38 0.52 0.38 0.67 0.38 0.50 0.37 0.72 0.38 0.03 0.34 0.65 0.34 0.51 0.38
To' (K" 0.09 0.65 0.07 0.64 0.09 0.64 0.06 0.63 0.12 0.64 0.00 0.57 0.09 0.57 0.06 0.64
T, . X (%) 0.70 0.90 0.57 0.88 0.71 0.89 0.55 0.87 0.73 0.89 0.05 0.78 0.69 0.78 0.56 0.88
(K) X @ 0.65 0.03 0.52 0.03 0.66 0.03 0.50 0.03 0.71 0.03 0.03 0.03 0.65 0.03 0.51 0.03
SA (m2 g") 0.16 0.33 0.13 0.33 0.16 0.33 0.12 0.33 0.17 0.33 0.01 0.31 0.15 0.31 0.12 0.33
sa’ (gm?) 0.00 0.59 0.00 0.58 0.00 0.59 0.00 0.57 0.00 0.59 0.00 0.51 0.00 0.51 0.00 0.58
Vp (em? g) 0.17 0.33 0.14 0.33 0.17 0.33 0.13 0.33 0.18 0.33 0.01 0.31 0.17 0.31 0.13 0.33
vp' (gem®) 0.00 0.60 0.00 0.59 0.00 0.60 0.00 0.59 0.00 0.60 0.00 0.52 0.00 0.52 0.00 0.59
S SFE(mNm?) | 0.6 0.40 0.12 0.39 0.16 0.40 0.11 0.39 0.19 0.40 0.00 0.35 0.15 0.35 0.11 0.39
Y SFE'(mNm")| 0.19 0.55 0.16 0.55 0.19 0.55 0.15 0.54 0.19 0.55 0.02 0.50 0.18 0.50 0.15 0.55
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Table A7.7: Calculation of Ry? and R.? with the matrix of one PAH property multiplied with two plastic
properties (Ty! as fixed parameter) and the log Kp..w matrix

pmpeﬂ?,ssfo duct PAH properties
I o log Ko log Ko, " MW Mw? log C,™ log C,*™* 10g Koy 10g Kya
fixed ¥ variable §) &) (g mol”) (molg”) (molm?) (m’ mol™) [§) 5]
parameter parameter R.2 Ry R? R,? R.2 Ry R? R R.2 Ry? R? Ry? R2 R? R2 Ry?
p (gem?) 0.40 0.83 0.32 0.82 0.41 0.83 0.31 0.81 0.44 0.83 0.02 0.73 0.40 0.73 0.31 0.82
p(em’g?) 0.17 0.80 0.13 0.79 0.17 0.80 0.12 0.79 0.21 0.80 0.00 0.71 0.17 0.71 0.12 0.79
dso (um) 0.29 0.81 0.22 0.80 0.29 0.81 0.22 0.79 0.33 0.81 0.01 0.71 0.29 0.71 0.22 0.80
dsg! (um™ 0.26 0.83 0.20 0.82 0.27 0.83 0.19 0.81 0.30 0.83 0.01 0.73 0.26 0.73 0.20 0.82
T (K) 0.07 0.77 0.05 0.76 0.07 0.77 0.04 0.76 0.09 0.77 0.00 0.69 0.06 0.68 0.05 0.76
Ty ") 0.44 0.88 0.34 0.86 0.44 0.87 0.33 0.85 0.49 0.87 0.02 0.77 0.43 0.77 0.34 0.86
Tg! X (%) 0.67 0.93 0.53 0.91 0.68 0.92 0.52 0.90 0.74 0.92 0.03 0.81 0.66 0.80 0.52 0.91
(K" X% 0.66 0.12 0.53 0.12 0.67 0.12 0.51 0.12 0.72 0.12 0.03 0.11 0.66 0.11 0.52 0.12
SA (m2 g 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.55 0.00 0.56 0.00 0.51 0.00 0.51 0.00 0.56
sa’ (gm?) 0.34 0.81 0.27 0.79 0.34 0.80 0.26 0.78 0.37 0.80 0.02 0.70 0.33 0.70 0.26 0.79
Vp (em® g™) 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.51 0.00 0.51 0.00 0.56
Vp' (g em™®) 0.33 0.80 0.26 0.79 0.34 0.80 0.25 0.78 0.37 0.80 0.02 0.70 0.33 0.70 0.26 0.79
Y SFE(mNm™)| 038 0.81 0.32 0.79 0.39 0.80 0.31 0.78 0.38 0.80 0.04 0.69 0.37 0.69 0.31 0.79
Y SFE' (mNm")|  0.05 0.70 0.04 0.69 0.06 0.70 0.04 0.68 0.07 0.70 0.00 0.63 0.05 0.63 0.04 0.69

Table A7.8: Calculation of Ry2 and R.? with the matrix of one PAH property multiplied with two plastic
properties (X; as fixed parameter) and the log K. matrix

propel:lt?ls;l;) ot PAH properties
15t ond 108 Kow log Ky, MW Mw? log C,* log C,*™* 108 Kiaw 108 Kpaw
fied ¥ variable ) ) (g mol™) (mol g”) (mol m?) (m® mol™) ) Q]

parameter parameter R? R R? R R? Ry R? R R? R R? Ry R? R R? R
p (gem?) 0.87 0.94 0.71 0.92 0.88 0.93 0.69 0.91 0.91 0.93 0.06 0.81 0.86 0.81 0.70 0.92
o (em’g?) 0.65 0.93 0.52 0.91 0.66 0.92 0.50 0.90 0.72 0.92 0.03 0.81 0.65 0.81 0.51 0.91
dso (um) 0.84 0.94 0.68 0.93 0.85 0.94 0.66 0.92 0.89 0.94 0.05 0.82 0.83 0.82 0.67 0.93
ds" (um™) 0.79 0.95 0.63 0.94 0.80 0.95 0.61 0.93 0.86 0.95 0.04 0.83 0.78 0.83 0.62 0.93
Tin (K) 0.77 0.94 0.62 0.92 0.78 0.93 0.60 0.91 0.83 0.93 0.04 0.82 0.76 0.82 0.61 0.92
Ty (K 0.87 0.96 0.70 0.94 0.88 0.95 0.68 0.93 0.93 0.95 0.05 0.83 0.86 0.83 0.69 0.94
X. . Ty (K) 0.70 0.90 0.57 0.88 0.71 0.89 0.55 0.87 0.73 0.89 0.05 0.78 0.69 0.78 0.56 0.88
(%) T K 0.67 0.93 0.53 091 0.68 0.92 0.52 0.90 0.74 0.92 0.03 0.81 0.66 0.80 0.52 0.91
SA (m? g™) 0.05 0.56 0.04 0.56 0.05 0.56 0.04 0.55 0.06 0.56 0.00 0.51 0.05 0.51 0.04 0.55
sa’ g m'z) 0.75 0.88 0.61 0.86 0.76 0.87 0.59 0.85 0.79 0.87 0.05 0.75 0.74 0.75 0.60 0.86
Vp (em? g7) 0.05 0.57 0.04 0.56 0.05 0.56 0.04 0.56 0.06 0.56 0.00 0.51 0.05 0.51 0.04 0.56
vp' (g em™) 0.75 0.88 0.60 0.86 0.76 0.87 0.59 0.85 0.79 0.87 0.05 0.75 0.74 0.75 0.60 0.86
YSFEmNm') | 074 0.84 0.60 0.82 0.74 0.83 0.59 0.81 0.75 0.83 0.06 0.71 0.73 0.71 0.60 0.82
Y SFE ! (m Nrn'l) 0.28 0.81 0.21 0.80 0.28 0.81 0.21 0.80 0.32 0.81 0.01 0.72 0.28 0.72 0.21 0.80

Table A7.9: Calculation of Ry? and R,? with the matrix of one PAH property multiplied with two plastic
properties (X:! as fixed parameter) and the log K, matrix

pmp:’rlt?f;‘rco duct PAH properties
1% o log Koy log Koy, MW Mw?! log €, log €, 108 K 10g Kyau

fied ¥ variable Sl © (g mol’) (mol g”) (mol m?) (m mol™) ) )
parameter parameter R? Ry R? R,? R? R R? Ry R? R;? R? Ry R? R;? R? R
p(gem? 063 0.04 050 0.04 0.64 0.04 0.49 0.04 0.69 0.04 0.03 0.04 0.63 0.04 0.49 0.04
p (em’g?) 0.70 0.08 0.56 0.08 071 0.08 054 0.08 0.76 0.08 0.03 0.08 0.69 0.08 055 0.08
dso (um) 065 0.04 0.52 0.04 0.66 0.04 050 0.04 071 0.04 0.03 0.04 0.64 0.04 051 0.04
dso” (um™) 0.67 0.08 053 0.08 068 0.08 052 0.08 0.73 0.08 0.03 0.07 0.66 0.07 052 0.08
Ty (K) 0.66 0.04 053 0.04 0.67 0.04 051 0.04 072 0.04 0.03 0.03 0.65 0.03 052 0.04
Tm 1 (K 1) 0.65 0.08 0.52 0.08 0.66 0.08 0.50 0.08 0.71 0.08 0.03 0.08 0.64 0.08 0.51 0.08
Xt T, (K 065 0.03 0.52 0.03 0.66 0.03 050 0.03 0.71 0.03 0.03 0.03 0.65 0.03 051 0.03
oY T, kY 0.66 012 053 012 067 012 051 012 072 012 0.03 011 0.66 011 052 012
SA (m2g") 0.77 0.07 0.62 0.07 078 0.07 0.60 0.07 0.84 0.07 0.04 0.07 0.76 0.07 061 0.07
sa™ (g m?) 057 0.06 0.45 0.06 058 0.06 0.44 0.06 062 0.06 0.02 0.06 0.56 0.06 0.44 0.06
Vp (em® g) 077 0.07 0.61 0.07 078 0.07 059 0.07 083 0.07 0.04 0.07 0.76 0.07 0.60 0.07
Vp' (g em™) 057 0.07 0.45 0.07 058 0.07 0.44 0.07 062 0.07 0.02 0.06 0.56 0.06 0.4 0.07
Y SFEmNm™) | 0.60 0.03 0.47 0.03 061 0.03 0.46 0.03 0.66 0.03 0.03 0.03 059 0.03 0.47 0.03
¥ SFE™ (m Nm ]) 0.77 0.11 0.62 0.11 0.78 0.11 0.60 0.11 0.83 0.11 0.04 0.10 0.76 0.10 0.61 0.11
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Table A7.10: Calculation of Ry2 and R,? with the matrix of one PAH property multiplied with two plastic
properties (SA as fixed parameter) and the log K.~ matrix

propelj'ltzfslt)‘rcoduct PAH properties
It o log Ko log Koy, MW Mw? log C,” log C, ™" 108 Knaw 10g Kng

fixed  * variable S 5] (g mol”) (molg”) (mol m?) (m® mol’) 3] 3]
parameter parameter R? Ry R? Ry R? Ry R? Ry? R? Ry? R? Ry? R? Ry? R? Ry?
p(gem?) 0.14 0.45 0.11 0.44 0.14 0.45 0.11 0.44 0.15 0.45 0.01 0.41 0.14 0.41 0.11 0.44
p(em’g’) 0.02 0.41 0.02 0.40 0.02 0.41 0.02 0.40 0.02 0.41 0.00 0.38 0.02 0.38 0.02 0.40
dso (um) 0.12 0.40 0.09 0.39 0.12 0.40 0.09 0.39 0.12 0.40 0.01 0.37 0.11 0.36 0.09 0.39
dso! (um™) 0.02 0.47 0.02 0.46 0.02 0.47 0.02 0.46 0.02 0.47 0.00 0.43 0.02 0.43 0.02 0.46
T (10 0.13 0.38 0.10 0.38 0.13 0.38 0.10 0.37 0.13 0.38 0.01 0.35 0.12 0.35 0.10 0.37
T K 0.01 0.49 0.01 0.49 0.01 0.49 0.01 0.49 0.01 0.49 0.00 0.45 0.01 0.45 0.01 0.49
sA Ty (K) 0.16 0.33 0.13 0.33 0.16 0.33 0.12 0.33 0.17 0.33 0.01 0.31 0.15 0.31 0.12 0.33
(m>g") T, KY 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.55 0.00 0.56 0.00 0.51 0.00 0.51 0.00 0.56
X (%) 0.05 0.56 0.04 0.56 0.05 0.56 0.04 0.55 0.06 0.56 0.00 0.51 0.05 0.51 0.04 0.55
X" 0.77 0.07 0.62 0.07 0.78 0.07 0.60 0.07 0.84 0.07 0.04 0.07 0.76 0.07 0.61 0.07
Vp (em? g 0.03 0.23 0.02 0.23 0.03 0.23 0.02 0.23 0.03 0.23 0.00 0.22 0.03 0.22 0.02 0.23
vp' (g em™) 0.08 0.74 0.06 0.73 0.08 0.74 0.05 0.72 0.10 0.74 0.00 0.66 0.08 0.65 0.06 0.73
Y SFE (mN m™) 0.18 0.49 0.14 0.48 0.18 0.49 0.14 0.48 0.20 0.49 0.01 0.44 0.18 0.44 0.14 0.48
Y SFE' mNm™) | 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.00 0.34 0.02 0.34 0.02 0.36

Table A7.11: Calculation of Ry and R.2 with the matrix of one PAH property multiplied with two plastic
properties (SA! as fixed parameter) and the log K. matrix

prupeprlt;S::o ot PAH properties
1 o 10g Kou log Koy, MW Mw? log C,* log C,™™* 108 Kngw 10g Kngu

fixed  * variable Q) 8] (g mol’) (molg) (mol m?) (m* mol™) © §)
parameter parameter R? R;? Rz Ry R2 Ry? R? Ry? R? R;? R? Ry R2 Ry R? Ry
p(g Cm’gl 0.14 0.70 0.11 0.69 0.14 0.70 0.11 0.68 0.13 0.70 0.02 0.60 0.13 0.60 0.11 0.69
p'I (em*g™) 0.29 0.81 0.23 0.80 0.29 0.81 0.22 0.79 0.31 0.81 0.01 0.71 0.28 0.70 0.22 0.80
dso (um) 0.08 0.70 0.07 0.69 0.08 0.70 0.07 0.68 0.08 0.70 0.01 0.60 0.08 0.60 0.07 0.68
dso ! (;Lm") 0.35 0.82 0.28 0.80 0.35 0.81 0.27 0.79 0.37 0.81 0.02 0.71 0.34 0.71 0.27 0.80
T (K) 0.02 0.68 0.02 0.67 0.02 0.68 0.02 0.66 0.02 0.68 0.00 0.59 0.02 0.59 0.02 0.67
T,.{l (@) 0.44 0.83 0.36 0.81 0.45 0.83 0.35 0.80 0.46 0.83 0.03 0.71 0.43 0.71 0.35 0.81
sAt « Tg (K) 0.00 0.59 0.00 0.58 0.00 0.59 0.00 0.57 0.00 0.59 0.00 0.51 0.00 0.51 0.00 0.58
(gm?) Tg" ®"h 0.34 0.81 0.27 0.79 0.34 0.80 0.26 0.78 0.37 0.80 0.02 0.70 0.33 0.70 0.26 0.79
X (%) 0.75 0.88 0.61 0.86 0.76 0.87 0.59 0.85 0.79 0.87 0.05 0.75 0.74 0.75 0.60 0.86
XC'l (U] 0.57 0.06 0.45 0.06 0.58 0.06 0.44 0.06 0.62 0.06 0.02 0.06 0.56 0.06 0.44 0.06
Vp (ecm?® g ]) 0.08 0.73 0.06 0.72 0.08 0.72 0.06 0.71 0.11 0.72 0.00 0.64 0.08 0.64 0.06 0.71
Vp'] (g em™) 0.38 0.78 0.31 0.76 0.39 0.78 0.30 0.76 0.40 0.78 0.03 0.67 0.37 0.66 0.31 0.76
Y SFE (mN m’ ‘) 0.16 0.64 0.14 0.63 0.16 0.64 0.13 0.62 0.15 0.64 0.02 0.54 0.16 0.54 0.14 0.63
M SFE” (m Nm™) 0.12 0.74 0.09 0.73 0.12 0.74 0.08 0.73 0.14 0.74 0.00 0.66 0.11 0.66 0.08 0.73

Table A7.12: Calculation of Ry2 and R.? with the matrix of one PAH

properties (Vp as fixed parameter) and the log K, matrix

property multiplied with two plastic

1 ond log Ko, log Koy, * MW Mw? log C,** log €, 108 K log Ky

fixed  * variable §) &) (g mol’) (mol g”) (mol m?) (m’ mol”) &) Q)

parameter parameter R? R:2 R? Ry? R2 Ry2 R? Ry? R? Ry2 R? R, R Ry? R? R,

plg em?) 0.15 0.45 0.12 0.44 0.16 0.45 0.12 0.44 0.16 0.45 0.01 0.41 0.15 0.41 0.12 0.44

ptem’g?) 0.03 0.41 0.02 0.41 0.03 0.41 0.02 0.40 0.03 0.41 0.00 0.38 0.03 0.38 0.02 0.41

dso (um) 0.13 0.40 0.10 0.39 0.13 0.40 0.10 0.39 0.13 0.40 0.01 0.36 0.12 0.36 0.10 0.39

dsg'1 (um ‘) 0.02 0.47 0.02 0.47 0.02 0.47 0.02 0.46 0.02 0.47 0.00 0.43 0.02 0.43 0.02 0.47

T (K) 0.14 0.38 0.11 0.37 0.14 0.38 0.11 0.37 0.14 0.38 0.01 0.35 0.14 0.35 0.11 0.37

To' (K 0.01 0.50 0.01 0.49 0.01 0.50 0.01 0.49 0.01 0.50 0.00 0.45 0.01 0.45 0.01 0.49

Vp L T, (K) 0.17 0.33 0.14 0.33 0.17 0.33 0.13 0.33 0.18 0.33 0.01 0.31 0.17 0.31 0.13 0.33

(em? g7) T, (KD 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.56 0.00 0.51 0.00 0.51 0.00 0.56

X (%) 0.05 0.57 0.04 0.56 0.05 0.56 0.04 0.56 0.06 0.56 0.00 0.51 0.05 0.51 0.04 0.56

X @™ 0.77 0.07 0.61 0.07 0.78 0.07 0.59 0.07 0.83 0.07 0.04 0.07 0.76 0.07 0.60 0.07

SA (m2 g h 0.03 0.23 0.02 0.23 0.03 0.23 0.02 0.23 0.03 0.23 0.00 0.22 0.03 0.22 0.02 0.23

SA' (gm ) 0.08 0.73 0.06 0.72 0.08 0.72 0.06 0.71 0.11 0.72 0.00 0.64 0.08 0.64 0.06 0.71

Y SFE (mN m'l) 0.20 0.49 0.15 0.48 0.20 0.48 0.15 0.48 0.22 0.48 0.01 0.44 0.19 0.43 0.15 0.48

X SFE” (m Nm™) 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.00 0.34 0.02 0.34 0.02 0.36
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Table A7.13: Calculation of Ry2 and R,? with the matrix of one PAH property multiplied with two plastic
properties (Vp! as fixed parameter) and the log K., matrix

plastic
property product
1 2m
fixed * variable
parameter parameter
p(gem?)
' em’g?)
dso (um)
dsg”! (um™)
T (K)
T (K1)
vp't Ty (0
Ty (KD
X (%)

X @™
SA (m2 g
saT (gm™®)

Y SFE (mN m™)

(gem?)

> SFE' (m Nm™)

PAH properties
10g Kou log Ky, MW Mw? log C,** log €, 10g K log K
(-) ) (g mol™) (mol g (mol m?) (m® mol™) () ()

R? R R? R R? R R? R R? R R? R R} R R} Ry
0.15 0.71 0.12 0.70 0.15 0.71 0.12 0.69 0.15 0.71 0.02 0.61 0.15 0.61 0.12 0.70
0.29 0.81 0.23 0.80 0.29 0.81 0.22 0.79 0.31 0.81 0.01 0.71 0.28 0.71 0.22 0.80
0.09 0.71 0.08 0.70 0.09 0.71 0.08 0.69 0.09 0.71 0.01 0.61 0.09 0.61 0.08 0.69
0.35 0.82 0.28 0.80 0.35 0.82 0.27 0.80 0.37 0.82 0.02 0.71 0.34 0.71 0.27 0.80
0.03 0.69 0.02 0.68 0.03 0.69 0.02 0.67 0.03 0.69 0.00 0.60 0.03 0.60 0.02 0.68
0.45 0.83 0.36 0.82 0.45 0.83 0.35 0.81 0.47 0.83 0.03 0.72 0.44 0.72 0.36 0.82
0.00 0.60 0.00 0.59 0.00 0.60 0.00 0.59 0.00 0.60 0.00 0.52 0.00 0.52 0.00 0.59
0.33 0.80 0.26 0.79 0.34 0.80 0.25 0.78 0.37 0.80 0.02 0.70 0.33 0.70 0.26 0.79
0.75 0.88 0.60 0.86 0.76 0.87 0.59 0.85 0.79 0.87 0.05 0.75 0.74 0.75 0.60 0.86
0.57 0.07 0.45 0.07 0.58 0.07 0.44 0.07 0.62 0.07 0.02 0.06 0.56 0.06 0.44 0.07
0.08 0.74 0.06 0.73 0.08 0.74 0.05 0.72 0.10 0.74 0.00 0.66 0.08 0.65 0.06 0.73
0.38 0.78 031 0.76 0.39 0.78 0.30 0.76 0.40 0.78 0.03 0.67 0.37 0.66 0.31 0.76
0.17 0.65 0.15 0.64 0.17 0.65 0.14 0.63 0.16 0.65 0.02 0.55 0.17 0.55 0.14 0.64
0.11 0.74 0.08 0.73 0.12 0.74 0.08 0.72 0.14 0.74 0.00 0.65 0.11 0.65 0.08 0.73

Table A7.14: Calculation of Ry2 and R.? with the matrix of one PAH property multiplied with two plastic
properties (3 SFE as fixed parameter) and the log Kp.» matrix

plastic
property product
1 2m
fixed variable
parameter parameter
p(gem?)
p? (em’g?)
dsp (um)
dsg” (um’™)
T (K)
T (K"
T, (K)
Ty (KD
X (%)
X7 @)
SA (m2 g™
sA (gm?)

¥ SFE
(mN m?)

Vp (em? g™
Vp' (g em™)

Table A7.15: Calculation of Ry2 and R.?2 with the matrix of one PAH

PAH properties

10g Koy log Ko, MW Mw? log €, log ¢, 10g Ky log Kyg ™
() () (g mol™) (mol g} (mol m?) (m’ mol™?) () ()

R Ry R? Ry? R? R R Ry R? Ry R? R R Ry R? Ry
0.00 052 0.00 051 0.00 0.52 0.00 050 0.01 052 0.00 045 0.00 0.44 0.00 051
0.06 0.72 0.05 0.70 0.06 071 0.05 0.70 0.05 071 0.02 0.62 0.06 0.62 0.05 0.70
0.04 051 0.02 050 0.04 0.51 0.02 0.49 0.05 051 0.00 0.4 0.04 0.44 0.02 050
0.12 0.72 0.11 071 0.12 0.72 0.11 0.70 011 0.72 0.02 0.62 0.12 0.62 0.11 0.70
013 0.48 0.10 0.47 013 048 0.09 0.47 016 048 0.00 0.42 013 0.42 0.10 0.47
019 072 0.16 071 0.19 0.72 0.16 0.70 018 072 0.03 062 019 0.62 016 0.70
0.16 0.40 0.12 0.39 0.16 0.40 0.11 0.39 0.19 0.40 0.00 035 0.15 035 011 0.39
038 0.81 032 0.79 039 0.80 031 078 038 0.80 0.04 0.69 037 0.69 031 0.79
0.74 0.84 0.60 0.82 0.74 0.83 059 0.81 0.75 0.83 0.06 071 073 071 0.60 0.82
0.60 0.03 0.47 0.03 0.61 0.03 0.46 0.03 0.66 0.03 0.03 0.03 0.59 0.03 0.47 0.03
018 0.49 014 048 0.18 0.49 0.14 0.48 0.20 0.49 0.01 0.4 018 0.44 014 0.48
0.16 0.64 0.14 0.63 0.16 0.64 013 0.62 015 0.64 0.02 0.54 0.16 0.54 0.14 0.63
020 0.49 0.15 0.48 0.20 048 015 0.48 022 0.48 0.01 0.44 019 043 015 0.48
017 0.65 0.15 0.64 017 0.65 0.14 0.63 016 065 0.02 0.55 017 055 0.14 0.64

properties (3.SFE! as fixed parameter) and the

plastic
property product
1 2"
fixed * variable
parameter parameter
p(gem?)
p(em’g?)
ds (um)
dsg (um™)
To (K)
Ty (K1)
Ty (1
Ty (K"
X (%)
X
SA (m?g™)
sa'(gm?)

YSFE'
(m Nm™)

Vp (em? g™
vp' (g em®)

log Kp.w matrix

property multiplied with two plastic

PAH properties
log Koy log Koy MW mMw? log C,*™ log C,™* 108 Knaw 10g Kpgu*
0 &l (g mol’) (mol g (molm?) (m” mol”) © ©
R} Ry R} Ry? R} Ry? R} Ry? R} Ry? R} Ry? R} Ry? R} R;?
0.02 0.70 0.02 0.69 0.02 0.70 0.02 0.69 0.01 0.70 0.01 0.63 0.02 0.63 0.02 0.69
0.00 0.65 0.00 0.65 0.00 0.65 0.00 0.64 0.01 0.65 0.00 0.59 0.00 0.59 0.00 0.65
0.00 0.69 0.00 0.68 0.00 0.69 0.00 0.68 0.00 0.69 0.00 0.62 0.00 0.62 0.00 0.68
0.02 0.70 0.01 0.70 0.02 0.70 0.01 0.69 0.03 0.70 0.00 0.64 0.02 0.63 0.01 0.70
0.06 0.62 0.05 0.61 0.06 0.62 0.05 0.61 0.05 0.62 0.01 0.56 0.06 0.56 0.05 0.61
0.05 0.74 0.03 0.74 0.05 0.74 0.03 0.73 0.07 0.74 0.00 0.67 0.05 0.67 0.03 0.73
0.19 0.55 0.16 0.55 0.19 0.55 0.15 0.54 0.19 0.55 0.02 0.50 0.18 0.50 0.15 0.55
0.05 0.70 0.04 0.69 0.06 0.70 0.04 0.68 0.07 0.70 0.00 0.63 0.05 0.63 0.04 0.69
0.28 0.81 0.21 0.80 0.28 0.81 0.21 0.80 0.32 0.81 0.01 0.72 0.28 0.72 0.21 0.80
0.77 0.11 0.62 0.11 0.78 0.11 0.60 0.11 0.83 0.11 0.04 0.10 0.76 0.10 0.61 0.11
0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.00 0.34 0.02 0.34 0.02 0.36
0.12 0.74 0.09 0.73 0.12 0.74 0.08 0.73 0.14 0.74 0.00 0.66 0.11 0.66 0.08 0.73
0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.02 0.36 0.00 0.34 0.02 0.34 0.02 0.36
0.11 0.74 0.08 0.73 0.12 0.74 0.08 0.72 0.14 0.74 0.00 0.65 0.11 0.65 0.08 0.73
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Table A7.16: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, MW) multiplied with
two plastic properties (X. as fixed parameter) and the log K, matrix

plastic
property product
1 2™
fixed variable
parameter pa.ra.meter
p(gem™)
p’ (em®g™h
dso (um)
dsg" (um™)
T (K)
Ty &Y
X, . Tx (K)
w1
SA (m2 g™)
sA' (gm?)
Vp (em? g™
vp (g em™)
¥ SFE (mN m™)
S SFE™! (m Nm")

PAH properties
log Koy MW log Koy * MW MW * log K, log Koy * MW (10g Koy * MW)!
O] (g mol™") (g mol™) (g mol™) (mol g™ (mol g™

R? Ry? Ry Ry? R? Ry? Ry Ry? R? Ry? Ry Ry?
0.87 0.94 0.88 0.93 0.93 0.95 0.81 0.87 0.79 0.87 0.58 0.91
0.65 0.93 0.66 0.92 0.70 0.93 0.61 0.86 0.58 0.86 0.41 0.90
0.84 0.94 0.85 0.94 0.90 0.95 0.79 0.88 0.76 0.87 0.55 0.91
0.79 0.95 0.80 0.95 0.85 0.96 0.74 0.89 0.71 0.88 0.51 0.92
0.77 0.94 0.78 0.93 0.82 0.94 0.72 0.88 0.69 0.87 0.50 0.91
0.87 0.96 0.88 0.95 0.93 0.96 0.81 0.89 0.78 0.88 0.57 0.92
0.70 0.90 0.71 0.89 0.74 0.90 0.65 0.83 0.63 0.83 0.46 0.87
0.67 0.93 0.68 0.92 0.72 0.93 0.62 0.86 0.60 0.86 0.43 0.89
0.05 0.56 0.05 0.56 0.05 0.56 0.05 0.53 0.04 0.53 0.03 0.55
0.75 0.88 0.76 0.87 0.80 0.89 0.70 0.81 0.68 0.80 0.50 0.84
0.05 0.57 0.05 0.56 0.06 0.57 0.05 0.54 0.05 0.54 0.03 0.55
0.75 0.88 0.76 0.87 0.80 0.89 0.70 0.81 0.67 0.81 0.49 0.84
0.74 0.84 0.74 0.83 0.78 0.85 0.69 0.77 0.67 0.77 0.50 0.80
0.28 0.81 0.28 0.81 0.30 0.82 0.26 0.77 0.24 0.77 0.17 0.79

Table A7.17: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with two plastic properties (X as fixed parameter) and the log K, matrix

propel:}rilssfoduct PAH properties
1 ond log Ko log Kiaw log Koy, * 108 Knaw 108 Kiaw * 108 Ko 10g Ko * 108 Kn ™ (log Koy, * 10g Knga) ™
fixed ¥ variable () () () () () ()
parameter parameter RS2 Ry2 RS2 Ry? R Ry? RS2 Ry2 RS2 Ry? R Ry?
p(g Cm’a) 0.87 0.94 0.64 0.94 0.92 0.95 0.81 0.92 0.79 0.92 0.59 0.91
ptem’g?) 0.65 0.93 0.66 0.93 0.70 0.93 0.60 0.91 0.59 0.91 0.42 0.90
dso (um) 0.84 0.94 0.85 0.94 0.90 0.95 0.79 0.88 0.76 0.87 0.55 0.91
dsu'l ([l.mrl) 0.79 0.95 0.80 0.95 0.85 0.96 0.74 0.89 0.71 0.88 0.51 0.92
T (K) 0.77 0.94 0.78 0.93 0.82 0.94 0.72 0.88 0.69 0.87 0.50 0.91
T (K1) 0.87 0.96 0.88 0.95 0.93 0.96 0.81 0.89 0.78 0.88 0.57 0.92
X. . T, (K) 0.70 0.90 0.71 0.89 0.74 0.90 0.65 0.83 0.63 0.83 0.46 0.87
(%) T, (KD 0.67 0.93 0.68 0.92 0.72 0.93 0.62 0.86 0.60 0.86 0.43 0.89
SA (m? g'l) 0.05 0.56 0.05 0.56 0.05 0.56 0.05 0.53 0.04 0.53 0.03 0.55
sA™ (gm™®) 0.75 0.88 0.76 0.87 0.80 0.89 0.70 0.81 0.68 0.80 0.50 0.84
Vp (em? g™) 0.05 0.57 0.05 0.56 0.06 0.57 0.05 0.54 0.05 0.54 0.03 0.55
Vp'1 (g Cm’z) 0.75 0.88 0.76 0.87 0.80 0.89 0.70 0.81 0.67 0.81 0.49 0.84
> SFE (mN m™) 0.74 0.84 0.74 0.83 0.78 0.85 0.69 0.77 0.67 0.77 0.50 0.80
Y SFE' (m Nm™)| 0.28 0.81 0.28 0.81 0.30 0.82 0.26 0.77 0.24 0.77 0.17 0.79

Table A7.18: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with two plastic properties (X as fixed parameter) and the log K;.v matrix

propeprlt?fslt::o duct PAH properties
1t ond log Ko log C,** log Koy, * log €, log Gy * log Koy, log Ko, * log C,*™ " (10g Koy, * log €)™
fixed * variable (-) (mol m™) (mol m?) (mol m™) (m*mol™) (m®mol?)
parameter parameter R? R2 R2 R R2 Ry R?2 Ry? R2 R R R.?
p(g cm’z) 0.87 0.94 0.14 0.93 0.92 0.95 0.91 0.91 0.06 0.81 0.06 0.81
p'1 (cm3 g'l) 0.65 0.93 0.72 0.92 0.72 0.93 0.71 0.90 0.03 0.81 0.03 0.81
dso (um) 0.84 0.94 0.89 0.94 0.90 0.95 0.89 0.92 0.05 0.82 0.05 0.82
dsu'l (p.m’l) 0.79 0.95 0.86 0.95 0.86 0.96 0.85 0.93 0.04 0.83 0.04 0.83
T (K 0.77 0.94 0.83 0.93 0.83 0.95 0.82 0.92 0.04 0.82 0.04 0.82
T,-,{l (@] 0.87 0.96 0.93 0.95 0.93 0.97 0.92 0.93 0.05 0.83 0.05 0.83
X . Ty (K 0.70 0.90 0.73 0.89 0.73 0.91 0.73 0.87 0.05 0.78 0.04 0.78
(%) T; (@] 0.67 0.93 0.74 0.92 0.74 0.93 0.73 0.90 0.03 0.81 0.03 0.81
SA (m? g’l) 0.05 0.56 0.06 0.56 0.06 0.56 0.06 0.55 0.00 0.51 0.00 0.51
sa’! (g m?) 0.75 0.88 0.79 0.87 0.80 0.89 0.79 0.85 0.05 0.75 0.05 0.75
Vp (cm3 g’l) 0.05 0.57 0.06 0.56 0.06 0.57 0.06 0.56 0.00 0.51 0.00 0.51
Vp'1 (g cm®) 0.75 0.88 0.79 0.87 0.80 0.89 0.79 0.85 0.05 0.75 0.05 0.75
> SFE (mN m™") 0.74 0.84 0.75 0.83 0.76 0.85 0.75 0.81 0.06 0.71 0.06 0.71
> SFE™ (m Nm™) 0.28 0.81 0.32 0.81 0.32 0.82 0.32 0.80 0.01 0.72 0.01 0.72
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Table A7.19: Calculation of Rx? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
two plastic properties (X. as fixed parameter) and the log K, matrix

propel:i?lss:o duct PAH properties
e ond MW 10g Knaw MW * log Kuqw MW * log Kng, log Ky * MW (MW * log Kogu) ™
fixed ¥ variable (g mol) [l (gmol™) (gmol™) (molg™) (molg™)
parameter parameter RS2 R,2 R2 R;? RS2 Ry2 RS2 R,2 R2 R;? RS2 R,?
p (gem?) 0.88 0.93 0.14 0.94 0.32 0.25 0.79 0.78 0.81 0.78 0.57 0.90
pt(em’g?) 0.66 0.92 0.66 0.93 0.26 021 0.59 0.79 0.60 0.79 041 0.90
dso (um) 0.85 0.94 0.85 0.94 0.32 0.23 0.77 0.79 0.78 0.79 0.54 0.91
dso” (um™) 0.80 0.95 0.80 0.95 0.30 0.23 0.72 0.80 0.73 0.80 0.50 0.92
T (K) 0.78 0.93 0.78 0.94 0.30 0.22 0.70 0.79 0.71 0.79 0.49 0.91
To' (KD 0.88 0.95 0.88 0.96 0.32 0.24 0.79 0.80 0.80 0.80 0.56 0.92
Xe . Ty (K 0.71 0.89 0.70 0.90 0.27 0.22 0.64 0.75 0.65 0.75 0.46 0.87
(%) ’ Ty (KDY 0.68 0.92 0.68 0.93 0.25 0.22 0.61 0.78 0.62 0.78 0.42 0.89
SA (m2 g™) 0.05 0.56 0.05 0.56 0.03 0.10 0.04 0.49 0.04 0.49 0.03 0.55
sA’ (gm™®) 0.76 0.87 0.76 0.88 0.27 0.25 0.68 0.72 0.69 0.72 0.49 0.84
Vp (em? g™) 0.05 0.56 0.05 0.57 0.03 0.10 0.05 0.50 0.05 0.50 0.03 0.55
vp' (g em™®) 0.76 0.87 0.76 0.88 0.27 0.25 0.68 0.72 0.69 0.72 0.48 0.84
> SFE(mNm™)| 074 0.83 0.74 0.84 0.26 0.25 0.68 0.68 0.68 0.68 0.49 0.80
Y SFE' (mNm™)| 028 0.81 0.28 0.81 0.12 0.16 0.25 0.70 0.25 0.70 0.16 0.79

Table A7.20: Calculation of Ry2 and R,2 with the matrix of two PAH properties (MW, log C,*®") multiplied with
two plastic properties (X. as fixed parameter) and the log K., matrix

prope]:'II;S;:o duct PAH properties
I o MW log G, MW * log C,* log G, * mw™* MW * log C,*™* (log K, * log ¢,
fied ¥ variable (gmol™) (mol m?) (gm?) (mol’m”g") (gm’mol?) (m*g™)
parameter parameter R? Ry? R? Ry? R? Ry? R2 Ry? RS2 R? RS2 R,?
p (g em™) 0.88 0.93 0.16 0.93 0.28 0.02 0.91 0.91 0.06 0.81 0.06 0.81
pt(em’g?) 0.66 0.92 0.72 0.92 0.25 0.03 0.71 0.90 0.03 0.81 0.03 0.81
dso (um) 0.85 0.94 0.89 0.94 0.29 0.02 0.89 0.92 0.05 0.82 0.05 0.82
dso” (um™) 0.80 0.95 0.86 0.95 0.28 0.02 0.85 0.93 0.04 0.83 0.04 0.83
T (K) 0.78 0.93 0.83 0.93 0.28 0.02 0.82 0.91 0.04 0.82 0.04 0.82
To' (K" 0.88 0.95 0.93 0.95 0.29 0.02 0.92 0.93 0.05 0.83 0.05 0.83
X. B Ty (10 0.71 0.89 0.73 0.89 0.24 0.02 0.73 0.87 0.05 0.78 0.04 0.78
(%) Ty K 0.68 0.92 0.74 0.92 0.24 0.02 0.73 0.90 0.03 0.81 0.03 0.81
SA (m? g™) 0.05 0.56 0.06 0.56 0.03 0.03 0.06 0.55 0.00 0.51 0.00 0.51
SA' (gm™®) 0.76 0.87 0.79 0.87 0.23 0.01 0.79 0.85 0.05 0.75 0.05 0.75
Vp (em? g™ 0.05 0.56 0.06 0.56 0.03 0.03 0.06 0.56 0.00 0.51 0.00 0.51
vp! (g em™) 0.76 0.87 0.79 0.87 0.23 0.01 0.78 0.85 0.05 0.75 0.05 0.75
Y SFE@mNmY)| 074 0.83 0.75 0.83 0.22 0.01 0.75 0.81 0.06 0.71 0.06 0.71
Y SFE'(mNm™)| 028 0.81 0.32 0.81 0.13 0.03 0.32 0.80 0.01 0.72 0.01 0.72

Table A7.21: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*3) multiplied
with two plastic properties (X. as fixed parameter) and the log K;.w matrix

prope]:}t?zs[t;rco duct PAH properties
& ond 108 Knaw log C,** 10g Knaw * log C,** log ™" * log Knaw 10g Knay * log €, | (log Kpgy, * log €, ™"
fixed ¥ variable §) (mol m?) (mol m?) (mol m?) (m? mor™) (m’ mol”)
parameter parameter R? Ry? R? Ry? R? Ry? R? Ry? R Ry? R Ry?
p (gcm?) 0.88 0.94 0.15 0.93 0.92 0.95 0.91 0.91 0.06 0.81 0.06 0.81
ol em’g?) 0.66 0.93 0.72 0.92 0.72 0.93 0.71 0.90 0.03 0.81 0.03 0.81
dso (um) 0.85 0.94 0.89 0.94 0.90 0.95 0.89 0.92 0.05 0.82 0.05 0.82
dso! (um™) 0.80 0.95 0.86 0.95 0.86 0.96 0.85 0.93 0.04 0.83 0.04 0.83
T (K) 0.78 0.94 0.83 0.93 0.83 0.95 0.82 0.91 0.04 0.82 0.04 0.82
T (K" 0.88 0.96 0.93 0.95 0.93 0.97 0.92 0.93 0.05 0.83 0.05 0.83
Xe . Ty (K) 0.70 0.90 0.73 0.89 0.73 0.91 0.73 0.87 0.05 0.78 0.04 0.78
(%) ’ T, (KD 0.68 0.93 0.74 0.92 0.74 0.93 0.73 0.90 0.03 0.81 0.03 0.81
SA (m2 g™ 0.05 0.56 0.06 0.56 0.06 0.56 0.06 0.55 0.00 0.51 0.00 0.51
sA™ (gm?) 0.76 0.88 0.79 0.87 0.80 0.89 0.79 0.85 0.05 0.75 0.05 0.75
Vp (em? g 0.05 0.57 0.06 0.56 0.06 0.57 0.06 0.56 0.00 0.51 0.00 0.51
vp'(gem?) 0.76 0.88 0.79 0.87 0.80 0.89 0.78 0.85 0.05 0.75 0.05 0.75
Y SFE(mNm™")| 074 0.84 0.75 0.83 0.76 0.85 0.75 0.81 0.06 0.71 0.06 0.71
Y SFE' (mNm™)| 028 0.81 0.32 0.81 0.32 0.82 0.32 0.80 0.01 0.72 0.01 0.72
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Table A7.22: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
two plastic properties (Tr, as fixed parameter) and the log K. matrix

1st
fixed

parameter

plastic
property product

2 nd
* variable
parameter
p (gem?)
pt(em’g?)
dsp (um)
dso”! (@m™)
T, ()
Tgrl ®YH
SA (m2 g™)
SA™ (gm™®)
Vp (em? g™
vp' (g em®)
> SFE (mN m™)
¥ SFE™ (m Nm™)

PAH properties
10g Kow MW log Koy * MW MW * log Ko, " log Koy * MW™ (10g Koy * MW)™
(-) (g mol™) (g mol™) (gmol™) (mol g?) (mol g™

R/ Ry? R/ Ry? R/ Ry? R? Ry? R Ry? R Ry?

0.47 0.52 0.00 0.52 0.50 0.52 0.43 0.49 0.41 0.48 0.29 0.50
0.22 0.66 0.22 0.66 0.23 0.66 0.21 0.63 0.20 0.63 0.16 0.65
0.70 0.50 0.71 0.50 0.75 0.50 0.65 0.47 0.62 0.47 0.44 0.48
0.28 0.70 0.28 0.70 0.29 0.71 0.26 0.66 0.26 0.66 0.20 0.68
0.66 0.38 0.67 0.38 0.71 0.38 0.61 0.36 0.58 0.36 0.42 0.37
0.07 0.77 0.07 0.77 0.07 0.78 0.06 0.73 0.06 0.73 0.03 0.75
0.13 0.38 0.13 0.38 0.14 0.38 0.12 0.36 0.11 0.36 0.09 0.37
0.02 0.68 0.02 0.68 0.02 0.69 0.02 0.63 0.02 0.63 0.02 0.66
0.14 0.38 0.14 0.38 0.15 0.38 0.13 0.36 0.13 0.36 0.09 0.37
0.03 0.69 0.03 0.69 0.03 0.69 0.03 0.64 0.03 0.64 0.02 0.67
0.13 0.48 0.13 0.48 0.14 0.49 0.12 0.45 0.11 0.45 0.07 0.47
0.06 0.62 0.06 0.62 0.06 0.62 0.06 0.59 0.06 0.59 0.05 0.61

Table A7.23: Calculation of Ry2 and R,2? with the matrix of two PAH properties (log Kow, 10g Knaw) multiplied
with two plastic properties (Tr, as fixed parameter) and the log K. matrix

15(
fixed

parameter

plastic
property product

2nd
* variable
parameter
p (g cm?)
-1 3 -1
p(cm’g?)
dso (um)
dso" (um™)
T, (K
Ty (KDY
SA (m2 g™)
sa' gm™)
Vp (em® g

%

vp' (g em™)
3 SFE (mN m™")
> SFE! (m Nm™)

PAH properties
log Ko, log Kyaw 10g Koy * 108 Kngs log Kyay * 10g Koy, log Ko, * l0g Kngy " (10g Koy * 108 i)
) () ) ) ) )

R, Ry R, Ry R Ry? R? Ry? R? R;? R? R;?
0.47 0.52 0.00 0.52 0.50 0.52 0.43 0.51 0.42 0.51 0.29 0.50
0.22 0.66 0.22 0.66 0.23 0.66 0.21 0.65 0.20 0.65 0.16 0.65
0.70 0.50 0.71 0.50 0.75 0.50 0.65 0.47 0.62 0.47 0.44 0.48
0.28 0.70 0.28 0.70 0.29 0.71 0.26 0.66 0.26 0.66 0.20 0.68
0.66 0.38 0.67 0.38 0.71 0.38 0.61 0.36 0.58 0.36 0.42 0.37
0.07 0.77 0.07 0.77 0.07 0.78 0.06 0.73 0.06 0.73 0.03 0.75
0.13 0.38 0.13 0.38 0.14 0.38 0.12 0.36 0.11 0.36 0.09 0.37
0.02 0.68 0.02 0.68 0.02 0.69 0.02 0.63 0.02 0.63 0.02 0.66
0.14 0.38 0.14 0.38 0.15 0.38 0.13 0.36 0.13 0.36 0.09 0.37
0.03 0.69 0.03 0.69 0.03 0.69 0.03 0.64 0.03 0.64 0.02 0.67
0.13 0.48 0.13 0.48 0.14 0.49 0.12 0.45 0.11 0.45 0.07 0.47
0.06 0.62 0.06 0.62 0.06 0.62 0.06 0.59 0.06 0.59 0.05 0.61

Table A7.24: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with two plastic properties (Tr, as fixed parameter) and the log K, matrix

propeI;lt';S;:oduct PAH properties
v 2" log Koy log €, 1og Ko, * l0g €™ log Gy *log Kou" | log Kow *log ™" | (log Ko, * log €,
fixed variable (-) (mol m'a) (mol m's) (mol m'a) (m3 mol'l) (m3 mol'l)
parameter parameter R Ry? R2 Ry? R, Ry? R, Ry? R, Ry2 R, Ry?
p(g Cm's) 0.47 0.52 0.00 0.52 0.52 0.52 0.52 0.51 0.02 0.46 0.02 0.46
p'l(cng’l) 0.22 0.66 0.21 0.66 0.21 0.66 0.21 0.65 0.03 0.59 0.03 0.59
dso (um) 0.70 0.50 0.76 0.50 0.77 0.50 0.76 0.49 0.03 0.44 0.03 0.44
dso! (um™) 0.28 0.70 0.26 0.70 0.26 0.71 0.26 0.69 0.04 0.62 0.04 0.62
Ty (K) 0.66 0.38 0.72 0.38 0.72 0.38 0.72 0.37 0.03 0.34 0.03 0.34
T B Tg'1 (K'l) 0.07 0.77 0.09 0.77 0.09 0.78 0.09 0.76 0.00 0.69 0.00 0.69
(K) ’ SA (m? g'l) 0.13 0.38 0.13 0.38 0.13 0.38 0.13 0.37 0.01 0.35 0.01 0.35
sA™ (g m'2) 0.02 0.68 0.02 0.68 0.02 0.69 0.02 0.66 0.00 0.59 0.00 0.59
Vp (cm3 g'l) 0.14 0.38 0.14 0.38 0.15 0.38 0.14 0.37 0.01 0.35 0.01 0.35
Vp'1 (g em™) 0.03 0.69 0.03 0.69 0.03 0.70 0.03 0.67 0.00 0.60 0.00 0.60
> SFE (mN m'l) 0.13 0.48 0.16 0.48 0.16 0.49 0.16 0.47 0.00 0.42 0.00 0.42
> SFE* (m Nm'l) 0.06 0.62 0.05 0.62 0.05 0.62 0.05 0.61 0.02 0.56 0.01 0.56
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Table A7.25: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
two plastic properties (Tr, as fixed parameter) and the log K. matrix

plastic
property product
1 2m
fixed variable
parameter parameter
p (gem?)
pt(em’g?)
dso (um)
dso”! (um™)
Ty (K)
Tgrl )
(K) ) SA (m2 g™
SA! g m'z)
Vp (em? g™)
Vp' (g em™)
Y SFE (mN m™)
Y SFE? (m Nm™)

PAH properties
MW 108 K MW * log Ky MW * log Kyay 108 Kngy * MW (MW * 10g Knge)
(g mol?) (-) (g mol™) (gmol™) (molg™) (molg?)

R? R;? R? Ry? R/? Ry? R Ry? R? Ry? R? Ry?
0.47 0.52 0.00 0.52 0.19 0.11 0.42 0.44 0.42 0.44 0.28 0.50
0.22 0.66 0.22 0.66 0.07 0.13 0.20 0.58 0.21 0.58 0.16 0.64
0.71 0.50 0.70 0.50 0.27 0.10 0.63 0.43 0.64 0.43 0.43 0.48
0.28 0.70 0.28 0.70 0.09 0.14 0.26 0.61 0.26 0.61 0.20 0.68
0.67 0.38 0.66 0.38 0.25 0.07 0.59 0.33 0.60 0.33 0.41 0.37
0.07 0.77 0.07 0.77 0.03 0.16 0.06 0.67 0.06 0.67 0.03 0.75
0.13 0.38 0.13 0.38 0.04 0.06 0.12 0.34 0.12 0.34 0.08 0.37
0.02 0.68 0.02 0.68 0.00 0.17 0.02 0.57 0.02 0.57 0.02 0.66
0.14 0.38 0.14 0.38 0.04 0.06 0.13 0.34 0.13 0.34 0.09 0.37
0.03 0.69 0.03 0.69 0.01 0.17 0.03 0.58 0.03 0.58 0.02 0.67
0.13 0.48 0.13 0.48 0.06 0.12 0.11 0.40 0.12 0.40 0.07 0.46
0.06 0.62 0.06 0.62 0.01 0.11 0.06 0.55 0.06 0.55 0.05 0.61

Table A7.26: Calculation of Ry2 and R.? with the matrix of two PAH properties
two plastic properties (Tr, as fixed parameter) and the log K. matrix

plastic
property product
15( 2 nd
fixed * variable
parameter parameter

p (g em?)
p(em’g?)
dsp (um)
dso” (um™)
T, (K)
Tgrl (Krl)
(K) ‘ SA (m2 g ™)
sa' (gm?)
Vp (em?® g)
vp' (g em®)
Y SFE (mN m™)
Y SFE! (m Nm™)

(MW, log Cy*a") multiplied with

PAH properties
MW log C,™ MW * log C,** log G, * Mw™* MW * log G,/ (log Ko\, * log ¢, "
(gmol™) (mol m™) (gm™) (mol”m™g”) (gm’ mol?) (m’g)

R? Ry R2 Ry? RS2 Ry? RS2 Ry? RS2 Ry? RS2 Ry?
0.47 0.52 0.00 0.52 0.19 0.02 0.52 0.51 0.02 0.46 0.01 0.46
0.22 0.66 0.21 0.66 0.04 0.03 0.21 0.65 0.03 0.59 0.03 0.59
0.71 0.50 0.76 0.50 0.26 0.02 0.76 0.49 0.03 0.44 0.03 0.44
0.28 0.70 0.26 0.70 0.06 0.03 0.26 0.69 0.04 0.62 0.04 0.62
0.67 0.38 0.72 0.38 0.24 0.02 0.72 0.37 0.03 0.34 0.03 0.34
0.07 0.77 0.09 0.77 0.04 0.03 0.09 0.76 0.00 0.69 0.00 0.69
0.13 0.38 0.13 0.38 0.03 0.03 0.13 0.37 0.01 0.35 0.01 0.35
0.02 0.68 0.02 0.68 0.00 0.01 0.02 0.66 0.00 0.59 0.00 0.59
0.14 0.38 0.14 0.38 0.03 0.03 0.14 0.37 0.01 0.35 0.01 0.35
0.03 0.69 0.03 0.69 0.00 0.01 0.03 0.67 0.00 0.60 0.00 0.60
0.13 0.48 0.16 0.48 0.08 0.01 0.16 0.47 0.00 0.42 0.00 0.42
0.06 0.62 0.05 0.62 0.00 0.03 0.05 0.61 0.02 0.56 0.01 0.56

Table A7.27: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*3) multiplied
with two plastic properties (Tr, as fixed parameter) and the log K.w matrix

propepl)‘lt;ssrco duct PAH properties
15t ond log Kigw log C,”™ log Kygy * log C,"™" log C,*™ * log Knaw * log Kyg, * log C," " (log Kug, * log C,0™)™"
fixed ¥ variable ) (mol m?) (mol m?) (mol m?) (m® mol™) (m® mol™)
parameter parameter va ha sz ha RVZ ha sz ha va RhZ sz ha
p (gem?) 0.47 0.52 0.00 0.52 0.52 0.52 0.52 0.51 0.02 0.46 0.01 0.46
pt(em’g?) 0.22 0.66 0.21 0.66 0.21 0.67 0.21 0.65 0.03 0.59 0.03 0.59
dso (um) 0.70 0.50 0.76 0.50 0.77 0.50 0.76 0.49 0.03 0.44 0.03 0.44
dse (um™ 0.28 0.70 0.26 0.70 0.26 0.71 0.26 0.69 0.04 0.62 0.04 0.62
T, (K) 0.66 0.38 0.72 0.38 0.72 0.38 0.72 0.37 0.03 0.34 0.03 0.34
T, Ty D 0.07 0.77 0.09 0.77 0.09 0.78 0.09 0.76 0.00 0.69 0.00 0.69
(K) SA (m2 g™ 0.13 0.38 0.13 0.38 0.13 0.38 0.13 0.37 0.01 0.35 0.01 0.35
sAl (gm?) 0.02 0.68 0.02 0.68 0.02 0.69 0.02 0.66 0.00 0.59 0.00 0.59
Vp (em? g 0.14 0.38 0.14 0.38 0.15 0.38 0.14 0.37 0.01 0.35 0.01 0.35
vp! (g em®) 0.03 0.69 0.03 0.69 0.03 0.70 0.03 0.67 0.00 0.60 0.00 0.60
Y SFE (mN m™) 0.13 0.48 0.16 0.48 0.16 0.49 0.16 0.47 0.00 0.42 0.00 0.42
S SFE'(mNm™) | 0.06 0.62 0.05 0.62 0.05 0.62 0.05 0.61 0.02 0.56 0.01 0.56
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Table A7.28: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
two plastic properties (T! as fixed parameter) and the log K., matrix

propei‘lrzlssfo duct PAH properties
1 o log Kow MW log Koy * MW MW * log Ko, " log Koy * MW™ (log Koy, * MW)™
fixed ¥ variable () (g mol) (g mol™) (gmol™) (mol g™) (mol g™)
parameter parameter R/ Ry2 R, Ry? R? Ry? R? R,? R? Ry? R? Ry?
p (gem?) 0.30 0.78 0.00 0.78 0.31 0.78 0.28 0.73 0.28 0.72 0.21 0.75
pt(em®g?) 0.35 0.84 0.36 0.83 0.38 0.84 0.33 0.79 0.31 0.78 0.21 0.81
dso (um) 0.31 0.76 0.31 0.76 0.32 0.77 0.30 0.71 0.29 0.71 0.22 0.74
dso! (um™) 0.65 0.87 0.65 0.87 0.69 0.88 0.60 0.82 0.57 0.82 0.41 0.85
T, (K) 0.09 0.65 0.09 0.64 0.10 0.65 0.08 0.61 0.08 0.61 0.05 0.63
.5, Ty (KD 0.44 0.88 0.44 0.87 0.47 0.88 0.40 0.82 0.39 0.82 0.27 0.85
(KY) ‘ SA (m2 g™ 0.01 0.49 0.01 0.49 0.01 0.50 0.01 0.47 0.01 0.47 0.01 0.49
SA™ (gm™) 0.44 0.83 0.45 0.83 0.47 0.84 0.41 0.77 0.40 0.76 0.29 0.80
Vp (cm3 g 0.01 0.50 0.01 0.50 0.02 0.50 0.01 0.48 0.01 0.48 0.01 0.49
vp! (g em™) 0.45 0.83 0.45 0.83 0.48 0.84 0.42 0.77 0.40 0.77 0.30 0.80
> SFE (mN m™) 0.19 0.72 0.19 0.72 0.20 0.73 0.18 0.66 0.18 0.66 0.14 0.69
¥ SFE™ (m Nm™) 0.05 0.74 0.05 0.74 0.06 0.75 0.04 0.71 0.04 0.70 0.02 0.73

Table A7.29: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with two plastic properties (T! as fixed parameter) and the log Kp.. matrix

propert)‘lt?lssso duct PAH properties
15 ond log Koy log Kpgw log Koy * 108 Kigw log Kpqw * log Kc,w'1 log K,,,, * log Khdw'1 (log K,y * log Khdw)'1
fixed * variable ) () () () () ()
parameter parameter R Ry2 R? Ry? R? R? R? R;2 R2 Ry2 R? Ry2
p (gem™) 0.30 0.78 0.81 0.78 0.31 0.79 0.28 0.77 0.28 0.76 0.22 0.76
pt(em’g?) 0.35 0.84 0.36 0.84 0.38 0.84 0.32 0.82 0.31 0.82 0.22 0.82
dso (um) 0.31 0.76 0.31 0.76 0.32 0.77 0.30 0.71 0.29 0.71 0.22 0.74
dse! (um™) 0.65 0.87 0.65 0.87 0.69 0.88 0.60 0.82 0.57 0.82 0.41 0.85
Ty (K) 0.09 0.65 0.09 0.64 0.10 0.65 0.08 0.61 0.08 0.61 0.05 0.63
Tt . Tg'l ®"hH 0.44 0.88 0.44 0.87 0.47 0.88 0.40 0.82 0.39 0.82 0.27 0.85
(k") i SA (m2 g 0.01 0.49 0.01 0.49 0.01 0.50 0.01 0.47 0.01 0.47 0.01 0.49
sA’ (gm?) 0.44 0.83 0.45 0.83 0.47 0.84 0.41 0.77 0.40 0.76 0.29 0.80
Vp (em? gh) 0.01 0.50 0.01 0.50 0.02 0.50 0.01 0.48 0.01 0.48 0.01 0.49
vp' (g em™) 0.45 0.83 0.45 0.83 0.48 0.84 0.42 0.77 0.40 0.77 0.30 0.80
> SFE (mN m™) 0.19 0.72 0.19 0.72 0.20 0.73 0.18 0.66 0.18 0.66 0.14 0.69
Y SFE' (m Nm™) 0.05 0.74 0.05 0.74 0.06 0.75 0.04 0.71 0.04 0.70 0.02 0.73

Table A7.30: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with two plastic properties (Tm! as fixed parameter) and the log Kp.. matrix

propel;lt;s;rcoduct PAH properties
v 2" log Koy log G, 1og Ko, *10g €™ log Gy *logKou | log Kou *log ™™ | (log Ko, * log €,
fixed * variable (-) (mol m'z) (mol m's) (mol m's) (m3 mol'l) (m3 mol'l)
parameter parameter R R? R Ry? R Ry? R/ Ry? RS2 Ry? R R,?
p(g cm™) 0.30 0.78 0.81 0.78 0.29 0.79 0.29 0.76 0.04 0.68 0.03 0.68
p'1 (&:m3 g’ 0.35 0.84 0.41 0.83 0.40 0.84 0.40 0.82 0.01 0.74 0.01 0.74
dso (um) 0.31 0.76 0.30 0.76 0.30 0.77 0.29 0.74 0.04 0.67 0.04 0.67
dso'l (;Lm'l) 0.65 0.87 0.71 0.87 0.71 0.88 0.71 0.85 0.03 0.77 0.03 0.77
Ty (K 0.09 0.65 0.12 0.64 0.12 0.65 0.12 0.63 0.00 0.57 0.00 0.57
Tt B Tg'1 ®h 0.44 0.88 0.49 0.87 0.49 0.88 0.49 0.86 0.02 0.77 0.02 0.77
(K" i SA (m? g'l) 0.01 0.49 0.01 0.49 0.01 0.50 0.01 0.49 0.00 0.45 0.00 0.45
SA™! (g m?) 0.44 0.83 0.46 0.83 0.47 0.84 0.46 0.81 0.03 0.71 0.03 0.71
Vp (cm3 g’l) 0.01 0.50 0.01 0.50 0.01 0.50 0.01 0.49 0.00 0.45 0.00 0.45
vp! (g em™) 0.45 0.83 0.47 0.83 0.47 0.84 0.47 0.81 0.03 0.72 0.03 0.72
> SFE (mN m™) 0.19 0.72 0.18 0.72 0.18 0.73 0.17 0.70 0.03 0.62 0.03 0.62
> SFE (m Nm™) 0.05 0.74 0.07 0.74 0.07 0.75 0.07 0.73 0.00 0.67 0.00 0.67
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Table A7.31: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
two plastic properties (T! as fixed parameter) and the log K., matrix

plastic
property product
lst znd
fixed * variable
parameter parameter
p (g em?)
-1 3 -1
p(ecmig’)
dso (um)
dsor] (I-Lmrl)
T, (K)

- -1 1.
To' Ty (KD
(§] SA (m2g™)

SA™' (gm?)
Vp (em? g7
vp' (g em?)
Y SFE (mNm™)
> SFE! (m Nm™)

PAH properties
MW 108 Kigu MW * log Kpaw MW * log Knay* log Kngw * MW™ (MW * log Kngy) "
(g mol™) ) (g mol™) (gmol™) (mol g?) (mol g?)

R/ Ry? R/ Ry? R Ry? R/ Ry? R/ Ry? R} Ry?
0.30 0.78 0.50 0.78 0.10 0.19 0.28 0.66 0.28 0.66 0.21 0.75
0.36 0.83 0.36 0.84 0.14 0.18 0.31 0.72 0.32 0.72 0.21 0.81
0.31 0.76 0.31 0.76 0.10 0.17 0.29 0.65 0.29 0.65 0.22 0.74
0.65 0.87 0.65 0.87 0.24 0.20 0.58 0.74 0.59 0.74 0.40 0.85
0.09 0.64 0.09 0.65 0.04 0.14 0.08 0.55 0.08 0.55 0.05 0.63
0.44 0.87 0.44 0.88 0.16 0.20 0.39 0.75 0.40 0.74 0.26 0.85
0.01 0.49 0.01 0.49 0.00 0.08 0.01 0.44 0.01 0.44 0.01 0.49
0.45 0.83 0.45 0.83 0.15 0.22 0.40 0.69 041 0.69 0.29 0.80
0.01 0.50 0.01 0.50 0.00 0.08 0.01 0.44 0.01 0.44 0.01 0.49
0.45 0.83 0.45 0.83 0.15 0.22 0.41 0.69 0.41 0.69 0.29 0.80
0.19 0.72 0.19 0.72 0.06 0.20 0.18 0.60 0.18 0.60 0.14 0.69
0.05 0.74 0.05 0.74 0.03 0.14 0.04 0.65 0.04 0.65 0.02 0.73

Table A7.32: Calculation of Ry? and R.? with the matrix of two PAH properties
two plastic properties (T! as fixed parameter) and the log K., matrix

plastic
property product
1 2M

fixed * variable
parameter parameter
p (g em™)
plem’g)

dsp (um)
dsorl (P'mrl)

Ty (K)

T, T, (K'Y
(K" SA (m? g™)
sA (gm?)

*

Vp (em? g™
vp' (g em?)
> SFE (mNm™)
> SFE™ (m Nm™)

(MW, log Cy*a") multiplied with

PAH properties
MW log G, MW * log G, log G, * Mw™ MW * log C,** (log Ko, * log C,*™)*
(g mol'?) (mol m?) (gm?) (mol’m?¢g?) (g m>mol?) (m*g?)

R/ Ry? R/ Ry? R} Ry? R Ry? R/ Ry? R/ Ry?
0.30 0.78 0.00 0.78 0.06 0.02 0.29 0.76 0.04 0.68 0.03 0.68
0.36 0.83 0.41 0.83 0.16 0.03 0.40 0.82 0.01 0.74 0.01 0.74
0.31 0.76 0.30 0.76 0.07 0.02 0.29 0.74 0.04 0.67 0.04 0.67
0.65 0.87 0.71 0.87 0.24 0.03 0.71 0.85 0.03 0.77 0.03 0.77
0.09 0.64 0.12 0.64 0.05 0.02 0.12 0.63 0.00 0.57 0.00 0.57
0.44 0.87 0.49 0.87 0.16 0.02 0.49 0.85 0.02 0.77 0.01 0.77
0.01 0.49 0.01 0.49 0.00 0.03 0.01 0.49 0.00 0.45 0.00 0.45
0.45 0.83 0.46 0.83 0.12 0.01 0.46 0.80 0.03 0.71 0.03 0.71
0.01 0.50 0.01 0.50 0.00 0.03 0.01 0.49 0.00 0.45 0.00 0.45
0.45 0.83 0.47 0.83 0.13 0.01 0.47 0.81 0.03 0.72 0.03 0.72
0.19 0.72 0.18 0.72 0.03 0.01 0.17 0.70 0.03 0.62 0.03 0.62
0.05 0.74 0.07 0.74 0.04 0.03 0.07 0.73 0.00 0.67 0.00 0.67

Table A7.33: Calculation of Ry? and R.? with the matrix of two PAH properties (log Knaw, log Cw*3%) multiplied
with two plastic properties (T ! as fixed parameter) and the log K., matrix

propeﬂ?fsgrco duct PAH properties
15t ond log Kpaw log G, log Knqy * log C,~ log C,*™ * log Kngw * log Kygy * log C, " (log Knaw * log €,
fixed ¥ variable () (mol m?) (mol m?) (mol m?) (m® mol) (m’ mol™)
parameter parameter R, Ry? R? Ry? R2 Ry? R R,? R.? R R2 Ry?
p (g em™) 0.30 0.78 0.00 0.78 0.29 0.79 0.29 0.76 0.04 0.68 0.03 0.68
pt(em’gY) 0.36 0.84 0.41 0.83 0.40 0.84 0.40 0.82 0.01 0.74 0.01 0.74
dso (um) 0.31 0.76 0.30 0.76 0.30 0.77 0.29 0.74 0.04 0.67 0.04 0.67
dso! (um™) 0.65 0.87 0.71 0.87 0.71 0.88 0.71 0.85 0.03 0.77 0.03 0.77
Tg (K) 0.09 0.65 0.12 0.64 0.12 0.65 0.12 0.63 0.00 0.57 0.00 0.57
T Ty (KD 0.44 0.88 0.49 0.87 0.49 0.88 0.49 0.85 0.02 0.77 0.02 0.77
(K% . SA (m? g™ 0.01 0.49 0.01 0.49 0.01 0.50 0.01 0.49 0.00 0.45 0.00 0.45
SA! (g m™®) 0.45 0.83 0.46 0.83 0.47 0.84 0.46 0.80 0.03 0.71 0.03 0.71
Vp (cm3 g ™) 0.01 0.50 0.01 0.50 0.01 0.50 0.01 0.49 0.00 0.45 0.00 0.45
vp'! (g em™) 0.45 0.83 0.47 0.83 0.48 0.84 0.47 0.81 0.03 0.72 0.03 0.72
Y SFE (mN m™) 0.19 0.72 0.18 0.72 0.18 0.73 0.17 0.70 0.03 0.62 0.03 0.62
> SFE™ (m Nm'") 0.05 0.74 0.07 0.74 0.07 0.75 0.07 0.73 0.00 0.67 0.00 0.67
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Table A7.34: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * p as fixed parameters) and the log K;.w matrix

propei?fssfoduct PAH properties
15t pnd g1 log Koy MW log Koy, * MW MW * log Ko, " log Koy * MW (log Koy * MW)™
fixed ¥ variable () (g mol™) (g mol™) (gmol™) (molg?) (mol g™
parameters parameter R, Ry? R, Ry? R, Ry? R Ry? R.? R,? R Ry?
dso (um) 0.83 0.92 0.84 0.91 0.88 0.93 0.78 0.85 0.75 0.85 0.56 0.89
dso” (um™) 0.88 0.95 0.89 0.95 0.94 0.96 0.82 0.88 0.79 0.88 0.58 0.92
T (K) 0.86 0.94 0.87 0.94 0.92 0.95 0.81 0.87 0.78 0.87 0.57 0.91
T Y 0.86 0.93 0.87 0.92 0.92 0.94 0.81 0.86 0.78 0.85 0.57 0.89
Tg (K) 0.72 0.88 0.73 0.88 0.76 0.89 0.68 0.81 0.65 0.81 0.49 0.85
X, (%) * Ty (KD 0.81 0.94 0.82 0.94 0.87 0.95 0.76 0.87 0.73 0.87 0.53 0.91
p(gem?) SA (m2 g™ 0.11 0.63 0.11 0.63 0.11 0.64 0.10 0.60 0.09 0.60 0.07 0.62
SAT (gm?) 0.73 0.84 0.74 0.83 0.78 0.84 0.69 0.76 0.66 0.76 0.49 0.80
Vp (em3 gh) 0.11 0.64 0.11 0.64 0.12 0.64 0.10 0.61 0.10 0.60 0.07 0.62
vp' (g em™) 0.74 0.84 0.75 0.83 0.78 0.85 0.69 0.77 0.67 0.76 0.49 0.80
> SFE (mN m™) 0.65 0.77 0.66 0.76 0.69 0.78 0.61 0.70 0.59 0.70 0.45 0.73
> SFE! (m Nm™) 0.47 0.88 0.48 0.88 0.51 0.89 0.44 0.83 0.42 0.83 0.29 0.86

Table A7.35: Calculation of Ry? and Ry? with the matrix of two PAH properties (log Kow, log Knaw) multiplied

with three plastic properties (X, * p as fixed parameters) and the log K. matrix

plastic
property product
15t % gnd 3
fixed * variable
parameter parameter

ds (um)
dso” (um™)
T (K)
T (K
T, ()
Tg'l (Kl)
SA (m2 g
sA' (gm?)
Vp (em? g™

X (%)
.
p(gem?)

vp' (g em™®)

¥ SFE (mN m™)
¥ SFE’ (m Nm™)

PAH properties

log Ko log Kiaw log Koy, * log K 10g Ky * 108 Koy, ™ 1og Koy * 108 Kngy, (10g Ko, * log Kngu)
() () () () () ()

R? Ry R Ry R/ Ry? R? Ry’ R? Ry R} Ry
0.83 0.92 0.84 0.92 0.88 0.93 0.77 0.90 0.76 0.90 0.57 0.89
0.88 0.95 0.89 0.95 0.94 0.96 0.81 0.93 0.80 0.93 0.59 0.92
0.86 0.94 0.87 0.94 0.92 0.95 0.81 0.87 0.78 0.87 0.57 0.91
0.86 0.93 0.87 0.92 0.92 0.94 0.81 0.86 0.78 0.85 0.57 0.89
0.72 0.88 0.73 0.88 0.76 0.89 0.68 0.81 0.65 0.81 0.49 0.85
0.81 0.94 0.82 0.94 0.87 0.95 0.76 0.87 0.73 0.87 0.53 0.91
0.11 0.63 0.11 0.63 0.11 0.64 0.10 0.60 0.09 0.60 0.07 0.62
0.73 0.84 0.74 0.83 0.78 0.84 0.69 0.76 0.66 0.76 0.49 0.80
0.11 0.64 0.11 0.64 0.12 0.64 0.10 0.61 0.10 0.60 0.07 0.62
0.74 0.84 0.75 0.83 0.78 0.85 0.69 0.77 0.67 0.76 0.49 0.80
0.65 0.77 0.66 0.76 0.69 0.78 0.61 0.70 0.59 0.70 0.45 0.73
0.47 0.88 0.48 0.88 0.51 0.89 0.44 0.83 0.42 0.83 0.29 0.86

Table A7.36: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy2) multiplied

with three plastic properties (X, * p as fixed parameters) and the log K, matrix

propeﬂ?fssfo duct PAH properties
15t % pnd g log Koy log G, log Ko\, * log €, log G, * log Koy, ™ log Koy, * log €, (log Kqy * log C,*) ™"
fixed ¥ variable () (mol m?) (mol m*) (mol m?) (m® mol) (m’ mol™)

parameter parameter R, Ry? R R,? R Ry? R? Ry? R.? Ry? R Ry?
dso (um) 0.83 0.92 0.87 0.91 0.87 0.93 0.86 0.89 0.06 0.79 0.06 0.79

dgo'l (;Lm'l) 0.88 0.95 0.93 0.95 0.94 0.96 0.93 0.93 0.06 0.82 0.05 0.82

Tp (K) 0.86 0.94 0.91 0.94 0.91 0.95 0.90 0.92 0.06 0.81 0.05 0.81

Tm'l (Kl) 0.86 0.93 0.90 0.92 0.91 0.94 0.90 0.90 0.06 0.80 0.06 0.80

T, K) 0.72 0.88 0.74 0.88 0.75 0.89 0.74 0.86 0.06 0.76 0.05 0.76

X C,E%) Ty Y 0.81 0.94 0.87 0.94 0.87 0.95 0.86 0.92 0.05 0.81 0.04 0.81
ole cm,g) SA (m? g'l) 0.11 0.63 0.11 0.63 0.11 0.64 0.11 0.62 0.00 0.57 0.00 0.57
sat (g m'z) 0.73 0.84 0.76 0.83 0.77 0.85 0.76 0.81 0.06 0.70 0.05 0.70

Vp (cm3 g'l) 0.11 0.64 0.12 0.64 0.12 0.64 0.12 0.63 0.00 0.57 0.00 0.57

Vp'1 g cm’3) 0.74 0.84 0.77 0.83 0.77 0.85 0.76 0.81 0.05 0.71 0.05 0.71

> SFE (mN m'l) 0.65 0.77 0.66 0.76 0.67 0.78 0.66 0.74 0.06 0.65 0.06 0.65

> SFE! (m Nm'l) 0.47 0.88 0.53 0.88 0.53 0.89 0.53 0.86 0.02 0.78 0.02 0.78
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Table A7.37: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * p as fixed parameters) and the log K;.w matrix

propeiltzssfo duct PAH properties
1t pnd g MW 10g Knaw MW * log Kngy MW * log Kngw log Ky * MW (MW * log Kyg)
fixed ~ * variable (g mol’) () (g mol™) (gmol™) (molg™) (mol g”)
parameter parameter R, Ry? R, Ry? R Ry? R, Ry? R, Ry? R, Ry?
dso (um) 0.84 0.91 0.84 0.92 0.31 0.25 0.76 0.76 0.77 0.76 0.55 0.88
dso” (um™) 0.89 0.95 0.89 0.95 0.32 0.25 0.80 0.79 0.81 0.79 0.57 0.92
T (K) 0.87 0.94 0.87 0.94 0.32 0.24 0.79 0.79 0.80 0.79 0.56 0.91
Ty &Y 0.87 0.92 0.87 0.93 0.31 0.25 0.79 0.77 0.80 0.77 0.56 0.89
Tg (K) 0.73 0.88 0.73 0.88 0.27 0.23 0.66 0.73 0.67 0.73 0.48 0.85
X ci%) . T, (KH 0.82 0.94 0.82 0.94 0.30 0.24 0.74 0.79 0.75 0.79 0.52 0.91
olgem? SA (m2 g™ 0.11 0.63 0.11 0.63 0.05 0.12 0.09 0.55 0.10 0.55 0.07 0.62
sA™ (g m™) 0.74 0.83 0.74 0.84 0.26 0.25 0.67 0.68 0.68 0.68 0.48 0.80
Vp (cm?® g™) 0.11 0.64 0.11 0.64 0.05 0.13 0.10 0.56 0.10 0.56 0.07 0.62
vp' (gem®) 0.75 0.83 0.74 0.84 0.26 0.25 0.67 0.68 0.68 0.68 0.48 0.80
3 SFE (mN m™) 0.66 0.76 0.66 0.77 0.23 0.24 0.60 0.62 0.61 0.62 0.44 0.73
¥ SFE" (m Nm™) 0.48 0.88 0.48 0.88 0.19 0.19 0.42 0.76 0.43 0.76 0.29 0.86

Table A7.38: Calculation of Ry? and R.2 with the matrix of two PAH properties (MW, log C,*®) multiplied with
three plastic properties (X. * p as fixed parameters) and the log K;.w matrix

propei?’ssfo duct PAH properties
1t s nd a1 MW log ¢, MW * log C,** log C, * Mw™ MW * log C,** (log Ko, * log ¢,
fixed ¥ variable (gmol™) (mol m?) gm?) (mol’ m>g™) (gm’ mol?) (m’g")
parameter parameter RS2 Ry? RS2 Ry2 R Ry2 R/? Ry? R2 Ry? R2 Ry?
dso (um) 0.84 0.91 0.87 0.91 0.26 0.01 0.86 0.89 0.06 0.79 0.06 0.79
dso! (um™) 0.89 0.95 0.93 0.95 0.29 0.02 0.93 0.92 0.06 0.82 0.05 0.82
T (K) 0.87 0.94 0.91 0.94 0.28 0.02 0.90 0.91 0.06 0.81 0.05 0.81
T &Y 0.87 0.92 0.90 0.92 0.27 0.01 0.90 0.90 0.06 0.80 0.06 0.80
Ty (K 0.73 0.88 0.74 0.88 0.23 0.01 0.74 0.86 0.06 0.76 0.05 0.76
X‘i%) B T,s'1 " 0.82 0.94 0.87 0.94 0.27 0.02 0.86 0.92 0.05 0.81 0.04 0.81
olgom?) SA (m2 g 0.11 0.63 0.11 0.63 0.05 0.03 0.11 0.62 0.00 0.57 0.00 0.57
sa' (gm?) 0.74 0.83 0.76 0.83 0.22 0.01 0.76 0.80 0.06 0.70 0.05 0.70
Vp (em? g™) 0.11 0.64 0.12 0.64 0.06 0.03 0.12 0.63 0.00 0.57 0.00 0.57
vp' (g em™®) 0.75 0.83 0.77 0.83 0.22 0.01 0.76 0.81 0.06 0.71 0.05 0.71
> SFE (mN m™) 0.66 0.76 0.66 0.76 0.18 0.01 0.66 0.74 0.06 0.65 0.06 0.65
¥ SFE?! (m Nm™") 0.48 0.88 0.53 0.88 0.20 0.03 0.53 0.86 0.02 0.78 0.02 0.78

Table A7.39: Calculation of Ry? and R.2? with the matrix of two PAH properties (1og Knaw, log Cy*2) multiplied
with three plastic properties (X. * p as fixed parameters) and the log K;.w matrix

prop::}f;;lss:o duct PAH properties
15t % pnd 31 1og Kpaw log C,** log Ky, * log ™ log C,*" * 1og Ky - 10g Knaw * log C, " (log Kpgy * log €, "
fixed * variable (-) (mol m?) (mol m™) (mol m™) (m®mol™) (m*mol™)
parameter parameter R2 Ry2 R2 Ry? R2 Ry R2 Ry2 R2 R.2 R2 Ry2
dso (um) 0.84 0.92 0.87 0.91 0.87 0.93 0.86 0.89 0.06 0.79 0.06 0.79
dso! (um™) 0.89 0.95 0.93 0.95 0.94 0.96 0.92 0.92 0.06 0.82 0.05 0.82
T (K) 0.87 0.94 0.91 0.94 0.91 0.95 0.90 0.91 0.06 0.81 0.05 0.81
Tw' (K 0.87 0.93 0.90 0.92 0.91 0.94 0.90 0.90 0.06 0.80 0.06 0.80
Ty (K 0.73 0.88 0.74 0.88 0.75 0.89 0.74 0.85 0.06 0.76 0.05 0.76
Xc(%)* Tg'1 ®" 0.82 0.94 0.87 0.94 0.87 0.96 0.86 0.92 0.05 0.81 0.04 0.81
p(gem?) SA (m2 g™ 0.11 0.63 0.11 0.63 0.11 0.64 0.11 0.62 0.00 0.57 0.00 0.57
SA! (gm?) 0.74 0.84 0.76 0.83 0.77 0.85 0.75 0.80 0.06 0.70 0.05 0.70
Vp (ecm?® g™) 0.11 0.64 0.12 0.64 0.12 0.64 0.12 0.63 0.00 0.57 0.00 0.57
vp' (g em™®) 0.74 0.84 0.77 0.83 0.77 0.85 0.76 0.81 0.06 0.71 0.05 0.71
> SFE (mNm™) 0.66 0.77 0.66 0.76 0.67 0.78 0.66 0.74 0.06 0.65 0.06 0.65
¥ SFE? (m Nm™) 0.48 0.88 0.53 0.88 0.53 0.89 0.53 0.86 0.02 0.78 0.02 0.78
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Table A7.40: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * p? as fixed parameters) and the log Kp..w matrix

plastic

property product

15t % pnd
fixed
parameter

Xc (%)
*

pl(em’g™)

3
variable
parameter

dso (um)
dse” (um™)
T (K)
T (K
T, (K)
Tgrl (Kl)
SA (m2 g)
sat(gm?)
Vp (em? g™
vp' (g em?)
S SFE (mN m™)
Y SFE' (m Nm™)

PAH properties
log Koy MW log Koy, * MW MW * log Ko, * log Koy * MW" (log Koy * MW)™
(-) (g mol™) (g mol™) (gmol™) (mol g?) (mol g?)

R Ry R? Ry? R? Ry? R? Ry? R? Ry? R? Ry?
0.69 0.93 0.70 0.92 0.74 0.93 0.64 0.86 0.62 0.86 0.44 0.90
0.58 0.91 0.59 0.91 0.63 0.92 0.54 0.85 0.52 0.85 0.37 0.88
0.54 0.90 0.54 0.89 0.58 0.90 0.50 0.84 0.48 0.84 0.34 0.87
0.74 0.94 0.75 0.94 0.79 0.95 0.68 0.88 0.66 0.88 0.47 0.91
0.54 0.87 0.54 0.87 0.57 0.88 0.50 0.82 0.48 0.81 0.35 0.85
0.48 0.87 0.48 0.87 0.51 0.88 0.44 0.82 0.42 0.81 0.29 0.85
0.02 0.50 0.02 0.50 0.02 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.70 0.89 0.71 0.88 0.75 0.90 0.65 0.82 0.62 0.82 0.45 0.86
0.02 0.50 0.02 0.50 0.03 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.69 0.89 0.70 0.88 0.73 0.90 0.64 0.82 0.61 0.82 0.44 0.86
0.83 0.91 0.84 0.90 0.88 0.91 0.77 0.83 0.75 0.83 0.55 0.87
0.16 0.74 0.17 0.74 0.18 0.74 0.15 0.70 0.14 0.70 0.09 0.72

Table A7.41: Calculation of Ri? and R.? with the matrix of two PAH properties (log Kow, log

with three plastic properties (X, * p* as fixed parameters) and the log K;.w matrix

plastic

property product

15( * znd
fixed *
parameter

Xc (%)
*

p(em’g?)

3rd
variable
parameter

dso (um)
dso”? (um™)
T (K
T (K1)
T, ()
Ty (K"
SA (m2 g™)
SA! g m'z)
Vp (em?® g')
vp' (g em™)
Y SFE (mNm™)
> SFE! (m Nm™)

PAH properties

Knaw) multiplied

log Koy, log Kyay, 1og Koy * 108 Kngw 108 Ky * 108 Ko ™ log Ko * 108 Kngy, ™ (10g Ko * 108 Kng)
] (-) (-) (-) (-) (-)

R? Ry? R? Ry? R} Ry? R? Ry? R? Ry? R} Ry?
0.69 0.93 0.70 0.93 0.74 0.93 0.64 091 0.62 091 045 0.90
0.58 091 0.59 091 0.63 0.92 0.54 0.90 0.52 0.90 0.37 0.89
0.54 0.90 0.54 0.89 0.58 0.90 0.50 0.84 0.48 0.84 0.34 0.87
0.74 0.94 0.75 0.94 0.79 0.95 0.68 0.88 0.66 0.88 0.47 0.91
0.54 0.87 0.54 0.87 0.57 0.88 0.50 0.82 0.48 0.81 0.35 0.85
0.48 0.87 0.48 0.87 0.51 0.88 0.4 0.82 0.42 0.81 0.29 0.85
0.02 0.50 0.02 0.50 0.02 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.70 0.89 0.71 0.88 0.75 0.90 0.65 0.82 0.62 0.82 0.45 0.86
0.02 0.50 0.02 0.50 0.03 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.69 0.89 0.70 0.88 0.73 0.90 0.64 0.82 0.61 0.82 0.44 0.86
0.83 091 0.84 0.90 0.88 0.91 0.77 0.83 0.75 0.83 0.55 0.87
0.16 0.74 0.17 0.74 0.18 0.74 0.15 0.70 0.14 0.70 0.09 0.72

Table A7.42: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Kow, log

with three plastic properties (X, * p* as fixed parameters) and the log K., matrix

Cw*a) multiplied

propel:i.;sgrco duct PAH properties
15t ond 3rd log Koy, log C,*™ log K, * log C,*™ log C, "™ * log Koy * log Ky, * log ¢, (log K, * log C,”)*
fixed ¥ variable () (mol m?) (mol m?) (mol m?) (m® mol™) (m® mol'™)
parameter parameter R Ry? R.? Ry R2 R:2 R? Ry2 R? R,2 R? R2
dso (um) 0.69 0.93 0.75 0.92 0.75 0.93 0.75 0.90 0.03 0.81 0.03 0.81
(:150'1 (].Lm’l) 0.58 0.91 0.65 0.91 0.65 0.92 0.65 0.89 0.02 0.80 0.02 0.80
T (K 0.54 0.90 0.59 0.89 0.59 0.90 0.59 0.88 0.02 0.79 0.02 0.79
T,.,{1 ®h 0.74 0.94 0.80 0.94 0.80 0.95 0.80 0.92 0.04 0.82 0.03 0.82
T (K) 0.54 0.87 0.57 0.87 0.58 0.88 0.57 0.85 0.03 0.77 0.03 0.77
Xe (%) T & 0.48 0.87 0.54 0.87 0.54 0.88 053 0.85 0.02 0.77 0.02 0.77
ol em’g) SA (m? g'l) 0.02 0.50 0.03 0.50 0.03 0.50 0.03 0.49 0.00 0.45 0.00 0.45
sat (g m'z) 0.70 0.89 0.75 0.88 0.75 0.90 0.74 0.86 0.04 0.76 0.04 0.76
Vp (cm3 g'l) 0.02 0.50 0.03 0.50 0.03 0.50 0.03 0.50 0.00 0.46 0.00 0.46
Vp'1 (g cm'z) 0.69 0.89 0.74 0.88 0.74 0.90 0.73 0.86 0.04 0.76 0.04 0.76
> SFE (mN m'l) 0.83 0.91 0.86 0.90 0.86 0.92 0.85 0.88 0.06 0.77 0.06 0.77
> SFE (m Nm") 0.16 0.74 0.20 0.74 0.19 0.74 0.20 0.73 0.00 0.67 0.00 0.67
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Table A7.43: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * p? as fixed parameters) and the log Kp..w matrix

propell)'lt;s;rcoduct PAH properties
1% gnd a1 MW log Knaw MW * 10g Kpgy, MW * log Knay log Kpgy * MW (MW * log Kngw) ™"
fixed  * variable (g mol’) 5] (gmol’) (gmol’) (molg™) (mol g”)
parameter parameter R.? Ry? R? R? R2 R;2 R2 R R? Ry2 R2 R:?
dso (um) 0.70 0.92 0.70 0.93 027 021 0.62 0.79 0.64 0.79 0.43 0.90
dso” (um™) 0.59 091 0.59 091 023 0.20 0.52 0.78 0.53 0.78 0.36 0.88
T (K) 0.54 0.89 0.54 0.90 021 0.20 0.48 0.77 0.49 0.77 033 0.87
T KH 0.75 0.94 0.74 0.94 0.28 0.22 0.66 0.80 0.68 0.80 0.46 0.91
T, © 0.54 0.87 0.54 0.87 0.22 0.20 0.49 0.74 0.49 0.74 0.34 0.84
Xelh) T, KD 0.48 0.87 0.48 0.87 0.18 0.20 0.43 0.74 0.43 0.74 0.29 0.85
o ) © sAmegh 0.02 0.50 0.02 0.50 0.01 0.08 0.02 0.44 0.02 0.4 0.01 0.49
sA™ (gm™®) 0.71 0.88 0.70 0.89 025 024 0.63 0.74 0.64 0.74 0.44 0.85
Vp (em? g) 0.02 0.50 0.02 0.50 0.02 0.08 0.02 045 0.02 0.45 0.01 0.49
vp' (g em™) 0.70 0.88 0.69 0.89 025 0.24 0.62 0.74 0.63 0.74 0.43 0.85
Y SFE(mNm") | 084 0.90 0.83 091 0.30 025 0.76 0.75 0.77 0.74 0.54 0.87
Y SFE'(mNm™) | 017 0.74 0.16 0.74 0.07 0.14 0.14 0.65 0.15 0.65 0.09 0.72

Table A7.44: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log C,*®") multiplied with
three plastic properties (X. * p? as fixed parameters) and the log Kp..w matrix

prop::}:lssfo duct PAH properties
15t % nd g MW log C,** MW * log C,,** log G, * MW™ MW * log C,* " (log Ky * log €,
fied ¥ variable (gmol™) (mol m?) em? (mol’m>g") (gm’ mol”) (m’g")
parameter parameter R2 Ry2 R? Ry2 RS2 R.2 R2 Ry2 R? Ry? R2 Ry2
dsp (um) 0.70 0.92 0.75 0.92 0.26 0.02 0.75 0.90 0.03 0.81 0.03 0.81
dsorl (}Lm’l) 0.59 0.91 0.65 0.91 0.23 0.03 0.65 0.89 0.02 0.80 0.02 0.80
T (K) 0.54 0.89 0.59 0.89 0.22 0.03 0.59 0.87 0.02 0.79 0.02 0.79
Tm'1 ®"hH 0.75 0.94 0.80 0.94 0.27 0.02 0.80 0.92 0.04 0.82 0.03 0.82
Ty (K 0.54 0.87 0.57 0.87 0.20 0.02 0.57 0.85 0.03 0.77 0.03 0.77
X (1%) . T, (K 0.48 0.87 0.54 0.87 0.19 0.03 0.53 0.85 0.02 0.77 0.02 0.77
ot em?eY) SA (m? g'l) 0.02 0.50 0.03 0.50 0.02 0.03 0.03 0.49 0.00 0.45 0.00 0.45
sA™ (g m?) 0.71 0.88 0.75 0.88 0.23 0.01 0.74 0.86 0.04 0.76 0.04 0.76
Vp (cm?3 g’l) 0.02 0.50 0.03 0.50 0.02 0.03 0.03 0.49 0.00 0.46 0.00 0.46
Vp'l g cm®) 0.70 0.88 0.74 0.88 0.22 0.01 0.73 0.86 0.04 0.76 0.04 0.76
> SFE (mN m™) 0.84 0.90 0.86 0.90 0.26 0.01 0.85 0.88 0.06 0.77 0.06 0.77
> SFE™ (m Nm™) 0.17 0.74 0.20 0.74 0.09 0.03 0.20 0.73 0.00 0.67 0.00 0.67

Table A7.45: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*3) multiplied
with three plastic properties (X, * p* as fixed parameters) and the log Kp.w matrix

properizs;rco duct PAH properties
1t % pnd 3rd log Kpgw log C,*" 1og Knaw * log C,,*™" log C"™ * log Knaw* log Ky * log €, (log Kygy * log €, ™)
fixed * variable () (mol m?) (mol m?) (mol m?) (m®mol™) (m®mol™)
parameter parameter RS2 Ry2 RS2 R,2 RS2 Ry? R.? Ry? R Ry? R Ry?
dso (um) 0.70 0.93 0.75 0.92 0.75 0.93 0.75 0.90 0.03 0.81 0.03 0.81
dso! (um™) 0.59 0.91 0.65 0.91 0.65 0.92 0.65 0.89 0.02 0.80 0.02 0.80
T (K 0.54 0.90 0.59 0.89 0.59 0.90 0.59 0.87 0.02 0.79 0.02 0.79
Ty K 0.74 0.94 0.80 0.94 0.80 0.95 0.80 0.92 0.04 0.82 0.03 0.82
T, (K 0.54 0.87 0.57 0.87 0.58 0.88 0.57 0.85 0.03 0.77 0.03 0.77
X °1%) T, KD 0.48 0.87 0.54 0.87 0.54 0.88 0.53 0.85 0.02 0.77 0.02 0.77
o (am* g SA (m2 g™) 0.02 0.50 0.03 0.50 0.03 0.50 0.03 0.49 0.00 0.45 0.00 0.45
SAT (gm?) 0.70 0.89 0.75 0.88 0.75 0.90 0.74 0.86 0.04 0.76 0.04 0.76
Vp (em? g™ 0.02 0.50 0.03 0.50 0.03 0.50 0.03 0.49 0.00 0.46 0.00 0.46
vp'(gem?) 0.69 0.89 0.74 0.88 0.74 0.90 0.73 0.86 0.04 0.76 0.04 0.76
> SFE (mNm™) 0.83 0.91 0.86 0.90 0.86 0.92 0.85 0.88 0.06 0.77 0.06 0.77
> SFE™ (m Nm™) 0.16 0.74 0.20 0.74 0.19 0.74 0.20 0.73 0.00 0.67 0.00 0.67
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Table A7.46: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (Xc * dso as fixed parameters) and the log K. matrix

propeli‘lt?zs;t)l:o duct PAH properties

1% nd 3 log Koy, MW 10g Koy, * MW MW * log Ko, log Ko, * MW (log Ko * MW)™

fixed ¥ variable () (g mol™) (gmol”) (gmol™) (mol g™) (molg™)
parameter parameter R, Ry? R/ Ry? RS2 Ry? R Ry? R Ry? R? Ry?
T (K) 0.77 0.93 0.78 0.92 0.82 0.93 0.71 0.86 0.69 0.86 0.50 0.90
Ty K 0.88 0.95 0.89 0.94 0.93 0.95 0.82 0.88 0.79 0.87 0.58 0.91
Ty (K) 0.63 0.87 0.64 0.87 0.67 0.88 0.59 0.81 0.57 0.81 0.42 0.84
T, (KD 0.77 0.95 0.78 0.94 0.83 0.95 0.72 0.88 0.69 0.88 0.50 0.92
X “f%) SA (m2 g™ 0.04 0.54 0.04 0.54 0.04 0.54 0.04 0.51 0.03 0.51 0.02 0.53
do (um) sA' (gm?) 0.76 0.87 0.77 0.86 0.81 0.88 0.71 0.80 0.68 0.79 0.51 0.83
Vp (cm? g™h) 0.04 0.54 0.04 0.54 0.05 0.54 0.04 0.52 0.04 0.52 0.03 0.53
Vp (g em®) 0.76 0.87 0.77 0.87 0.81 0.88 0.71 0.80 0.69 0.80 0.51 0.84
Yy SFE (mN m™) 0.69 0.81 0.70 0.81 0.73 0.82 0.65 0.74 0.63 0.74 0.47 0.78
¥ SFE" (m Nm™) 0.30 0.82 0.30 0.82 0.32 0.82 0.27 0.78 0.26 0.77 0.18 0.80

Table A7.47: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with three plastic properties (X. * dso as fixed parameters) and the log Kp.. matrix

propelz};rssfo duct PAH properties
e 3¢ log Koy log Ky log Koy * 108 Knaw 10g Ky * I0g Ko™ 108 Koy * l0g Knaw* | (108 Koy, * l0g Knaa) ™
fixed * variable () () () (=) (-) (-)
parameter parameter R.? Ry? R? Ry? R R,? R? Ry? R} Ry? R2 Ry?
T (K 0.77 0.93 0.78 0.92 0.82 0.93 0.71 0.86 0.69 0.86 0.50 0.90
Tm'1 " 0.88 0.95 0.89 0.94 0.93 0.95 0.82 0.88 0.79 0.87 0.58 0.91
Ty (K) 0.63 0.87 0.64 0.87 0.67 0.88 0.59 0.81 0.57 0.81 0.42 0.84
Tg'1 (@) 0.77 0.95 0.78 0.94 0.83 0.95 0.72 0.88 0.69 0.88 0.50 0.92
X c:%) . SA (m2 g™ 0.04 0.54 0.04 0.54 0.04 0.54 0.04 0.51 0.03 0.51 0.02 0.53
deo (um) i SA™ (g m?) 0.76 0.87 0.77 0.86 0.81 0.88 0.71 0.80 0.68 0.79 0.51 0.83
Vp (cm? g'l) 0.04 0.54 0.04 0.54 0.05 0.54 0.04 0.52 0.04 0.52 0.03 0.53
Vp'1 g cm®) 0.76 0.87 0.77 0.87 0.81 0.88 0.71 0.80 0.69 0.80 0.51 0.84
Y. SFE (mN m?) 0.69 0.81 0.70 0.81 0.73 0.82 0.65 0.74 0.63 0.74 0.47 0.78
> SFE” (m Nm™) 0.30 0.82 0.30 0.82 0.32 0.82 0.27 0.78 0.26 0.77 0.18 0.80

Table A7.48: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with three plastic properties (X. * dso as fixed parameters) and the log K. matrix

propeﬂ?fssrco duct PAH properties
e 3" 10g Kou log ¢,™ log K, * log €, ™ 10g G, * log Ko * | 10g Koy *log Cu™ | (log Koy, * log €, ™)
fixed ¥ variable ) (mol m*) (mol m?) (mol m?) (m® mol™) (m® mol™)
parameter parameter R? R,? R? Ry2 R2 R,? R,? Ry? R,? Ry2 R, Ry?
T (K) 0.77 0.93 0.82 0.92 0.82 0.94 0.81 0.90 0.05 0.81 0.04 0.81
Ty ®H 0.88 0.95 0.92 0.94 0.93 0.96 0.92 0.92 0.06 0.82 0.05 0.82
Ty (K) 0.63 0.87 0.65 0.87 0.65 0.88 0.65 0.85 0.05 0.76 0.04 0.76
T, (KH 0.77 0.95 0.84 0.94 0.84 0.96 0.83 0.92 0.04 0.82 0.04 0.82
X c*(%) . SA (m2 g™ 0.04 0.54 0.04 0.54 0.04 0.54 0.04 0.53 0.00 0.49 0.00 0.49
deo (um) SA (gm?) 0.76 0.87 0.79 0.86 0.80 0.88 0.79 0.84 0.05 0.74 0.05 0.74
Vp (cm? g ™) 0.04 0.54 0.05 0.54 0.05 0.54 0.05 0.53 0.00 0.49 0.00 0.49
Vvp' (g em™) 0.76 0.87 0.80 0.87 0.80 0.88 0.79 0.85 0.05 0.74 0.05 0.74
Y SFE (mN m™) 0.69 0.81 0.70 0.81 0.70 0.82 0.69 0.79 0.06 0.69 0.06 0.69
¥ SFE" (m Nm™) 0.30 0.82 0.34 0.82 0.34 0.83 0.34 0.81 0.01 0.73 0.01 0.73
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Table A7.49: Calculation of Rx? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (Xc * dso as fixed parameters) and the log K. matrix

plastic
property product
15t % pnd 31
fixed variable
parameter parameter

T (K
T (KDY
T, (K)
Ty KD
SA (m2g™)
SA™! g m’z)
Vp (cm?® g

Xc (%)
dso (um)

Vp'1 (g cm'z)
3 SFE (mN m™)
> SFE! (m Nm™)

PAH properties
MW 10g Knaw MW * log Kpgw MW * log Kngy " log Kngw * MW (MW * log Kngy) ™
(g mol™) (-) (g mol™) (gmol™) (mol g™ (mol g™

R} R R Ry R/ Ry R/ Ry R/ Ry? R Ry?
0.78 0.92 0.77 0.93 0.30 0.22 0.70 0.78 0.71 0.78 0.49 0.90
0.89 0.94 0.88 0.95 0.33 0.24 0.80 0.79 0.81 0.79 0.57 0.91
0.64 0.87 0.63 0.87 0.24 0.22 0.57 0.73 0.58 0.73 0.41 0.84
0.78 0.94 0.78 0.95 0.29 0.23 0.70 0.80 0.71 0.80 0.49 0.91
0.04 0.54 0.04 0.54 0.02 0.10 0.04 0.47 0.04 0.47 0.02 0.53
0.77 0.86 0.76 0.87 0.27 0.25 0.69 0.71 0.70 0.71 0.50 0.83
0.04 0.54 0.04 0.54 0.02 0.10 0.04 0.48 0.04 0.48 0.03 0.53
0.77 0.87 0.77 0.87 0.27 0.25 0.69 0.71 0.70 0.71 0.50 0.84
0.70 0.81 0.69 0.81 0.24 0.24 0.63 0.66 0.64 0.66 0.46 0.78
0.30 0.82 0.30 0.82 0.13 0.17 0.26 0.71 0.27 0.71 0.18 0.80

Table A7.50: Calculation of Ry2 and R,2 with the matrix of two PAH properties (MW, log C,*®") multiplied with
three plastic properties (X. * dso as fixed parameters) and the log K. matrix

plastic
property product
15t % pnd g
fixed * variable
parameter parameter

T (K
Tm' (K
T, (10
Ty K"
SA (m2g™h)
N g m'z)
Vp (cm?® g™)

X (%)
dso (Lm)

vp' (g em™)
> SFE (mNm™)
¥ SFE! (m Nm™)

Table A7.51: Calculation of Ry2
with three plastic properties (Xc

PAH properties

MW log C,* MW * log C,* log C, * Mw™ MW * log C, (log Ko, * log C,™)*
(g mol™) (mol m?) (gm?) (mol’ m?g”) (g m*> mol?) (m’g?)

R/ Ry? R Ry R/’ Ry? R? Rpy? R R R/ Ry?
0.78 0.92 0.82 0.92 0.27 0.02 0.81 0.90 0.05 0.81 0.04 0.81
0.89 0.94 0.92 0.94 0.29 0.02 0.92 0.92 0.06 0.82 0.05 0.82
0.64 0.87 0.65 0.87 0.21 0.02 0.65 0.85 0.05 0.76 0.04 0.76
0.78 0.94 0.84 0.94 0.27 0.02 0.83 0.92 0.04 0.82 0.04 0.82
0.04 0.54 0.04 0.54 0.03 0.03 0.04 0.53 0.00 0.49 0.00 0.49
0.77 0.86 0.79 0.86 0.23 0.01 0.79 0.84 0.05 0.74 0.05 0.74
0.04 0.54 0.05 0.54 0.03 0.03 0.05 0.53 0.00 0.49 0.00 0.49
0.77 0.87 0.80 0.87 0.23 0.01 0.79 0.84 0.05 0.74 0.05 0.74
0.70 0.81 0.70 0.81 0.20 0.01 0.69 0.78 0.06 0.69 0.06 0.69
0.30 0.82 0.34 0.82 0.14 0.03 0.34 0.80 0.01 0.73 0.01 0.73

and R.? with the matrix of two PAH properties (log Knaw, log Cw*a) multiplied
* dso as fixed parameters) and the log Kp..w matrix

propeﬂ?fsgrco duct PAH properties
15t % pnd 3 log Kngw log C,™ log Ky * log C,°™ log G, * log Knaw* log Knaw * log C, ™ (log Kpgy * log €,
fixed ¥ variable 6 (mol m?) (mol m?) (mol m*) (m*mol™) (m*mol™)
parameter parameter sz ha sz ha sz ha sz ha va ha sz ha
Trm (K) 0.77 0.93 0.82 0.92 0.82 0.94 0.81 0.90 0.05 0.81 0.04 0.81
T, K 0.88 0.95 0.92 0.94 0.93 0.96 0.92 0.92 0.06 0.82 0.05 0.82
Tg (K) 0.63 0.87 0.65 0.87 0.65 0.88 0.65 0.85 0.05 0.76 0.04 0.76
Ty (KD 0.78 0.95 0.84 0.94 0.84 0.96 0.83 0.92 0.04 0.82 0.04 0.82
X c*(%) . SA (m? g™) 0.04 0.54 0.04 0.54 0.04 0.54 0.04 0.53 0.00 0.49 0.00 0.49
deo (um) SAT (gm?) 0.76 0.87 0.79 0.86 0.80 0.88 0.79 0.84 0.05 0.74 0.05 0.74
Vp (cm? g™) 0.04 0.54 0.05 0.54 0.05 0.54 0.05 0.53 0.00 0.49 0.00 0.49
vp' (g em®) 0.77 0.87 0.80 0.87 0.80 0.89 0.79 0.84 0.05 0.74 0.05 0.74
¥ SFE (mN m™) 0.69 0.81 0.70 0.81 0.71 0.83 0.69 0.78 0.06 0.69 0.06 0.69
¥ SFE' (m Nm™) 0.30 0.82 0.34 0.82 0.34 0.83 0.34 0.80 0.01 0.73 0.01 0.73
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Table A7.52: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * dso™ as fixed parameters) and the log K. matrix

pmpel:}; Ssrco duct PAH properties

15te gnd grd log Koy, MW log Ky, * MW MW * log Ko, " log Ky * MW (log Ko, * MW)

fixed  * variable () (g mol) (g mol™) (g mol™) (molg™) (molg™)
parameter parameter R? Ry? R Rq2 R Ry2 R? R? R.? Ry? R2 R2
T (K) 0.73 0.94 0.74 0.94 0.78 0.95 0.68 0.88 0.65 0.87 0.47 0.91
Tm'1 () 0.83 0.96 0.84 0.95 0.88 0.96 0.77 0.89 0.74 0.88 0.54 0.92
T, (K) 0.75 0.92 0.76 0.92 0.80 0.93 0.70 0.86 0.68 0.85 0.50 0.89
T (KD 0.56 0.89 0.57 0.89 0.61 0.90 0.52 0.83 0.50 0.83 0.35 0.86
X °£%) N SA (m2 g™) 0.06 0.59 0.06 0.58 0.07 0.59 0.06 0.56 0.05 0.56 0.04 0.57
dot (um™) ' sA’ (g m?) 0.72 0.88 0.73 0.87 0.77 0.88 0.67 0.81 0.65 0.80 0.47 0.84
Vp (cm3 g ™) 0.06 0.59 0.07 0.59 0.07 0.59 0.06 0.56 0.06 0.56 0.04 0.58
Vp (g em™) 0.71 0.88 0.72 0.87 0.76 0.88 0.66 0.81 0.64 0.80 0.46 0.84
Y SFE (mN m™) 0.78 0.87 0.79 0.86 0.83 0.87 0.73 0.79 0.71 0.79 0.53 0.83
> SFE! (m Nm'l) 0.25 0.79 0.25 0.79 0.27 0.80 0.23 0.75 0.22 0.75 0.15 0.77

Table A7.53: Calculation of Ry? and Ry? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with three plastic properties (X, * dsg* as fixed parameters) and the log K. matrix

properifltf;ss:o duct PAH properties
1% g 3¢ log Ko 10g Ko 108 Kou * 108 Kngu 10g Ky * 10g Kou™ log Ko * log Kng " | (10g Koy, * 10g Kna) ™
fixed * variable () () () (-) (-) (=)

parameter parameter R, Ry? R.? R? R Ry? R/ Ry? R/ R.? R.? R
Ty (K) 0.73 0.94 0.74 0.94 0.78 0.95 0.68 0.88 0.65 0.87 0.47 0.91

T (K 0.83 0.96 0.84 0.95 0.88 0.96 0.77 0.89 0.74 0.88 0.54 0.92

Ty (10 0.75 0.92 0.76 0.92 0.80 0.93 0.70 0.86 0.68 0.85 0.50 0.89

Ty (KD 0.56 0.89 0.57 0.89 0.61 0.90 0.52 0.83 0.50 0.83 0.35 0.86

X cj%) . SA (m2 g™) 0.06 0.59 0.06 0.58 0.07 0.59 0.06 0.56 0.05 0.56 0.04 0.57
dot (um ™) SA™ (gm™®) 0.72 0.88 0.73 0.87 0.77 0.88 0.67 0.81 0.65 0.80 0.47 0.84
vp (em? g 0.06 0.59 0.07 0.59 0.07 0.59 0.06 0.56 0.06 0.56 0.04 0.58

vp! (g em™) 0.71 0.88 0.72 0.87 0.76 0.88 0.66 0.81 0.64 0.80 0.46 0.84

3, SFE (mN m™) 0.78 0.87 0.79 0.86 0.83 0.87 0.73 0.79 0.71 0.79 0.53 0.83

¥ SFE! (m Nm™) 0.25 0.79 0.25 0.79 0.27 0.80 0.23 0.75 0.22 0.75 0.15 0.77

Table A7.54: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with three plastic properties (X, * ds¢* as fixed parameters) and the log K, matrix

propeﬂjzssrco duct PAH properties
15t % ond 3 log Koy, log C,™ log Ko, * log C,™" log C,"™ * log Koy * log Ky, * log ¢, (log K, * log C,*™)"
fixed ¥ variable 6 (mol m?) (mol m?) (mol m?) (m®mol™) (m® mol™)
parameter parameter Rv2 ha va ha sz Rh2 va Rh2 va Rh2 sz ha
T (K) 0.73 0.94 0.79 0.94 0.80 0.95 0.79 0.92 0.04 0.82 0.03 0.82
Tm' (KY 0.83 0.96 0.89 0.95 0.89 0.96 0.88 0.93 0.05 0.83 0.04 0.83
T, (K) 0.75 0.92 0.80 0.92 0.80 0.93 0.79 0.90 0.05 0.80 0.04 0.80
Ty (KD 0.56 0.89 0.63 0.89 0.63 0.90 0.62 0.87 0.02 0.78 0.02 0.78
X cj%) . SAmgh 0.06 0.59 0.07 0.58 0.07 0.59 0.07 0.58 0.00 0.53 0.00 0.53
d™ (urm) ' SA (gm™®) 0.72 0.88 0.77 0.87 0.77 0.89 0.76 0.85 0.04 0.75 0.04 0.75
Vp (em? g 0.06 0.59 0.07 0.59 0.07 0.59 0.07 0.58 0.00 0.53 0.00 0.53
vp'(gem®) 0.71 0.88 0.76 0.87 0.76 0.89 0.75 0.85 0.04 0.75 0.04 0.75
¥ SFE (mN m™) 0.78 0.87 0.80 0.86 0.81 0.88 0.80 0.84 0.06 0.73 0.06 0.73
S SFE'(mNm?) | 025 0.79 0.29 0.79 0.29 0.80 0.29 0.78 0.00 0.71 0.00 0.71
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Table A7.55: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * dso™ as fixed parameters) and the log K. matrix

propeﬂjlssfo duct PAH properties

1% gnd g0 MW 10g Kngw MW * 10g Kpgy, MW * log Kngy " log Kngy * MW (MW * log Kpgy)™

fixed ~ * variable (g mol™) () (g mol™) (gmol™) (mol g™) (mol g™)
parameter parameter R, Ry? R, Ry? R, Ry? R, Ry? R, Ry? R, Ry?
T (K 0.74 0.94 0.74 0.94 0.28 0.22 0.66 0.80 0.67 0.80 0.46 0.91
Tm (K" 0.84 0.95 0.83 0.96 0.31 0.24 0.75 0.80 0.76 0.80 0.52 0.92
T, (K) 0.76 0.92 0.76 0.92 0.29 0.22 0.68 0.77 0.70 0.77 0.49 0.89
T, (KD 0.57 0.89 0.57 0.89 0.21 0.21 0.51 0.75 0.52 0.75 0.35 0.86
X=£%) . SA (m2 g™ 0.06 0.58 0.06 0.59 0.03 0.11 0.05 0.52 0.05 0.52 0.04 0.57
de (umY SA™ (gm™) 0.73 0.87 0.73 0.88 0.26 0.24 0.65 0.72 0.66 0.72 0.46 0.84
Vp (ecm? g 0.07 0.59 0.06 0.59 0.03 0.11 0.06 0.52 0.06 0.52 0.04 0.58
vp' (g em™) 0.72 0.87 0.72 0.88 0.25 0.24 0.65 0.72 0.66 0.72 0.46 0.84
¥ SFE (mN m™) 0.79 0.86 0.79 0.87 0.28 0.25 0.71 0.71 0.72 0.71 0.52 0.83
> SFE™ (m Nm™) 0.25 0.79 0.25 0.79 0.10 0.16 0.22 0.69 0.22 0.69 0.14 0.77

Table A7.56: Calculation of Ry2 and R,2 with the matrix of two PAH properties (MW, log C,*®") multiplied with
three plastic properties (X. * dso™ as fixed parameters) and the log K. matrix

prope}:‘lrjlsgrcoduct PAH properties
5t % gnd 3 MW log G, MW * log C,,** log G, * Mw? MW * log C,** (log Ko, * log C,™)™
fixed ¥ variable (gmol™) (mol m?) gm? (mol’ m>g™) (gm’>mol?) (m’g?)
parameter parameter R2 R R2 R,2 R2 R R2 R R2 R R2 Ry
T 0.74 0.94 0.79 0.94 0.27 0.02 0.79 0.92 0.04 0.82 0.03 0.82
T“-[l (Kl) 0.84 0.95 0.89 0.95 0.29 0.02 0.88 0.93 0.05 0.83 0.04 0.83
Tg (K) 0.76 0.92 0.80 0.92 0.26 0.02 0.79 0.89 0.05 0.80 0.04 0.80
Tg'1 ®"H 0.57 0.89 0.63 0.89 0.21 0.02 0.62 0.87 0.02 0.78 0.02 0.78
XA samegh 0.06 0.58 0.07 0.58 0.04 0.03 0.07 0.58 0.00 053 0.00 053
dsuri (um&) i sA’ (g m,2) 0.73 0.87 0.77 0.87 0.23 0.01 0.76 0.85 0.05 0.75 0.04 0.75
Vp (cm? g'l) 0.07 0.59 0.07 0.59 0.04 0.03 0.07 0.58 0.00 0.53 0.00 0.53
Vp'1 (g Cm-a) 0.72 0.87 0.76 0.87 0.23 0.01 0.75 0.85 0.04 0.75 0.04 0.75
> SFE (mN m’l) 0.79 0.86 0.80 0.86 0.23 0.01 0.80 0.84 0.06 0.73 0.06 0.73
> SFE™ (m Nm’l) 0.25 0.79 0.29 0.79 0.12 0.03 0.29 0.78 0.00 0.71 0.00 0.71

Table A7.57: Calculation of Ry? and R.? with the matrix of two PAH properties (1og Knaw, log Cy*2) multiplied
with three plastic properties (X, * dso* as fixed parameters) and the log K, matrix

prope}:‘lrjlsgrcoduct PAH properties
1t pnd 3 log Knaw log G, log Knaw * log €™ log C*™ * log Kngw * log Kyqy * log €, (108 Kpgy * log €)™
fixed ¥ variable §) (mol m?) (mol m?) (mol m”) (m? mol™) (m’ mol™)
parameter parameter Rz Ry? Rz R? R/ Ry? R R,? R? Ry? R? R,?
T 0.74 0.94 0.79 0.94 0.80 0.95 0.79 0.92 0.04 0.82 0.03 0.82
Tm'l " 0.83 0.96 0.89 0.95 0.89 0.97 0.88 0.93 0.05 0.83 0.04 0.83
Ty (K) 0.76 0.92 0.80 0.92 0.80 0.93 0.79 0.89 0.05 0.80 0.04 0.80
Tg'1 ®"H 0.57 0.89 0.63 0.89 0.63 0.90 0.62 0.87 0.02 0.78 0.02 0.78
Xc’f%) . SA (m2 g'l) 0.06 0.59 0.07 0.58 0.07 0.59 0.07 0.58 0.00 0.53 0.00 0.53
dsuri () sA™t (g m?) 0.73 0.88 0.77 0.87 0.77 0.89 0.76 0.85 0.04 0.75 0.04 0.75
Vp (cm3 g’l) 0.06 0.59 0.07 0.59 0.07 0.59 0.07 0.58 0.00 0.53 0.00 0.53
Vp'1 (g em™) 0.72 0.88 0.76 0.87 0.76 0.89 0.75 0.85 0.04 0.75 0.04 0.75
> SFE (mN m™) 0.79 0.87 0.80 0.86 0.81 0.88 0.80 0.83 0.06 0.73 0.06 0.73
> SFE” (m Nm™) 0.25 0.79 0.29 0.79 0.29 0.80 0.29 0.78 0.00 0.71 0.00 0.71
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Table A7.58: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * Try as fixed parameters) and the log K., matrix

plastic
property product
15t % pnd g
fixed variable
parameter parameter
Ty (K)
Rt
T ")
SA (m2 g™
X (%) sA! (g m?)
*
V] 3 gt
T, (K) p (em® ™)
vp' (g em™)

> SFE (mN m™)
¥ SFE?! (m Nm™)

PAH properties
log Koy, MW log Kow * MW MW * log Ko, log Koy, * MW (log Ko * MW)™
(-) (g mol’l) (g mol'l) (g mol'l) (mol g'l) (mol g'l)

R? R R? R R? R R? R R? R R? R
0.56 0.87 0.56 0.86 0.59 0.87 0.52 0.81 0.50 0.81 0.37 0.84
0.63 0.92 0.64 0.92 0.68 0.93 0.59 0.86 0.56 0.86 0.40 0.89
0.02 0.50 0.02 0.50 0.02 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.75 0.89 0.76 0.89 0.80 0.90 0.70 0.82 0.67 0.82 0.49 0.86
0.02 0.51 0.02 0.51 0.03 0.51 0.02 0.49 0.02 0.48 0.01 0.50
0.75 0.90 0.76 0.89 0.80 0.90 0.70 0.82 0.67 0.82 0.49 0.86
0.74 0.86 0.75 0.86 0.78 0.87 0.69 0.79 0.67 0.79 0.50 0.83
0.20 0.78 0.20 0.77 0.22 0.78 0.18 0.73 0.17 0.73 0.12 0.76

Table A7.59: Calculation of Ry2 and R.? with the matrix of two PAH properties (1og Kow, log Knaw) multiplied

with three plastic properties (X. * Tr, as fixed parameters) and the log Kp..w matrix

plastic
property product
15t % gné 3
fixed * variable
parameter parameter
Ty (K)
-1 1
T, (K)
SA (m2 g™)
X (%) sA’ (s m'z)
* ks
Vp (em3 g’
T, (K) p (cm®g™)
vp' (g em™)

> SFE (mN m'™)
Y SFE” (m Nm™)

PAH properties
log Ko, log Kpgy, 1og Koy, * 108 Kngw 10g Ky, * log Koy log Ko * 108 Kngy, (10g Koy, * 108 Kpa) ™
(-) (-) (-) (-) (-) (-)

R} Ry? R? Ry? R} Ry? R} Ry? R? Ry? R? Ry?
0.56 0.87 0.56 0.86 0.59 0.87 0.52 0.81 0.50 0.81 0.37 0.84
0.63 0.92 0.64 0.92 0.68 0.93 0.59 0.86 0.56 0.86 0.40 0.89
0.02 0.50 0.02 0.50 0.02 0.50 0.02 0.48 0.02 0.48 0.01 0.49
0.75 0.89 0.76 0.89 0.80 0.90 0.70 0.82 0.67 0.82 0.49 0.86
0.02 0.51 0.02 0.51 0.03 0.51 0.02 0.49 0.02 0.48 0.01 0.50
0.75 0.90 0.76 0.89 0.80 0.90 0.70 0.82 0.67 0.82 0.49 0.86
0.74 0.86 0.75 0.86 0.78 0.87 0.69 0.79 0.67 0.79 0.50 0.83
0.20 0.78 0.20 0.77 0.22 0.78 0.18 0.73 0.17 0.73 0.12 0.76

Table A7.60: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, log Cy2) multiplied

with three plastic properties (X. * Tr as fixed parameters) and the log Kp..» matrix

propeﬂ?fssrco duct PAH properties
15t ond 3 log Koy log G, log K, * log C,”™ log C, ™ * log Koy, log Koy, * log ¢, ™" (log Ky, * log C,™) "
fixed variable 5] (mol m?) (molm™) (molm?) (m* mol”) (m* mol”)
parameter parameter R/ Ry? R/ Ry? R/ Ry? R Ry? R Ry? R/ Ry?
Ty (K) 0.56 0.87 0.59 0.86 0.59 0.87 0.58 0.84 0.04 0.76 0.03 0.76
Tg'1 (Kl) 0.63 0.92 0.70 0.92 0.70 0.93 0.69 0.90 0.03 0.81 0.03 0.81
SA (m2 g-l) 0.02 0.50 0.03 0.50 0.02 0.50 0.03 0.50 0.00 0.46 0.00 0.46
X‘i%) . sa? g m?) 0.75 0.89 0.79 0.89 0.80 0.90 0.79 0.87 0.05 0.76 0.05 0.76
T.(K) Vp (cm? g’l) 0.02 0.51 0.03 0.51 0.03 0.51 0.03 0.50 0.00 0.46 0.00 0.46
Vp'l (g ClTl’S) 0.75 0.90 0.79 0.89 0.80 0.91 0.79 0.87 0.05 0.76 0.05 0.76
> SFE (mN m'l) 0.74 0.86 0.76 0.86 0.76 0.87 0.75 0.83 0.06 0.73 0.06 0.73
> SFE"! (m Nm'l) 0.20 0.78 0.24 0.77 0.24 0.78 0.24 0.76 0.00 0.70 0.00 0.70
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Table A7.61: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * Try as fixed parameters) and the log K., matrix

plastic
property product
15t % pnd 3
fixed * variable
parameter parameter
Ty (K)
Bipe
Ty (KD
SA (m2 g™)
X (%) sat g m?)
*
_— Vp (em? g )
vp' (g em™)

¥ SFE (mN m™)
> SFE' (m Nm™)

PAH properties
MW 10g Kngw MW * log Kpaw MW * log Ky * log Kngw * MW™ (MW * 10g Knau) ™
(g mol™) (-) (gmol'™) (gmol™) (mol g?) (mol g™

R? Ry? R? Ry? R/ Ry? R Ry? R? Ry? R? Ry?
0.56 0.86 0.56 0.87 0.22 0.20 0.51 0.73 0.52 0.73 0.36 0.84
0.64 0.92 0.64 0.92 0.24 0.22 0.57 0.78 0.58 0.78 0.39 0.89
0.02 0.50 0.02 0.50 0.01 0.09 0.02 0.45 0.02 0.45 0.01 0.49
0.76 0.89 0.76 0.89 0.27 0.25 0.68 0.73 0.69 0.73 0.48 0.86
0.02 0.51 0.02 0.51 0.02 0.09 0.02 0.45 0.02 0.45 0.01 0.50
0.76 0.89 0.75 0.90 0.27 0.25 0.68 0.74 0.69 0.74 0.48 0.86
0.75 0.86 0.75 0.86 0.27 0.25 0.68 0.71 0.69 0.70 0.49 0.82
0.20 0.77 0.20 0.78 0.09 0.15 0.18 0.68 0.18 0.68 0.11 0.76

Table A7.62: Calculation of Ry2 and R.? with the matrix of two PAH properties (MW, log C,**") multiplied with
three plastic properties (X. * Tr, as fixed parameters) and the log K., matrix

plastic
property product
15t % ond 3
fixed ¥ variable
parameter parameter
T, (K)
-1 1
Ty (KD
SA (m2 g™
X (%) sal (g m'z)
* *
% 3 gt
T (K) p (cm® g™)
vp' (g em?)

¥ SFE (mN m™)
Y SFE! (m Nm™)

PAH properties
MW log C,™ MW * log C,”* log G, * Mw™* MW * log C,,**™ (log Kqy * log C,\™)™
(gmol?) (mol m) (gm?) (mol’ m*g”) (gm’ mol”) (m’g?)

R/ Ry? R/ Ry? R/ Ry? R/ Ry? R/ Ry? R/ Ry?
0.56 0.86 0.59 0.86 0.20 0.02 0.58 0.84 0.04 0.76 0.03 0.76
0.64 0.92 0.70 0.92 0.24 0.02 0.69 0.90 0.03 0.81 0.03 0.81
0.02 0.50 0.03 0.50 0.02 0.03 0.03 0.50 0.00 0.46 0.00 0.46
0.76 0.89 0.79 0.89 0.23 0.01 0.79 0.86 0.05 0.76 0.05 0.76
0.02 0.51 0.03 0.51 0.02 0.03 0.03 0.50 0.00 0.46 0.00 0.46
0.76 0.89 0.79 0.89 0.23 0.01 0.78 0.87 0.05 0.76 0.05 0.76
0.75 0.86 0.76 0.86 0.22 0.01 0.75 0.83 0.06 0.73 0.06 0.73
0.20 0.77 0.24 0.77 0.10 0.03 0.24 0.76 0.00 0.70 0.00 0.70

Table A7.63: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*3) multiplied

with three plastic properties (X. * Tr as fixed parameters) and the log Kp..w matrix

plastic .
property product PAH properties
75t % pnd 31 log Kyaw log C,™ log Kyaw * log €™ log C™ *1og Knaw * | 108 Koy *10g €™ " | (10g Kigy, * log C,"™)"
fixed * variable (=) (molm?) (molm?) (mol m™) (m*mol?) (m®mol™)
parameter parameter RS2 Ry? R.? Ry? RS2 Ry? R Ry? R2 Ry? R} Ry?
T, (K) 0.56 0.87 0.59 0.86 0.59 0.87 0.58 0.84 0.04 0.76 0.03 0.76
Tg'1 " 0.64 0.92 0.70 0.92 0.70 0.93 0.69 0.90 0.03 0.81 0.03 0.81
SA (m? g’l) 0.02 0.50 0.03 0.50 0.02 0.50 0.03 0.50 0.00 0.46 0.00 0.46
Xe i%) SA (g m?) 0.76 0.89 0.79 0.89 0.80 0.90 0.79 0.86 0.05 0.76 0.05 0.76
.00 Vp (cm? g'l) 0.02 0.51 0.03 0.51 0.03 0.51 0.03 0.50 0.00 0.46 0.00 0.46
m
Vp'1 (g em®) 0.75 0.90 0.79 0.89 0.80 0.91 0.78 0.87 0.05 0.76 0.05 0.76
> SFE (mN m") 0.75 0.86 0.76 0.86 0.76 0.87 0.75 0.83 0.06 0.73 0.06 0.73
> SFE (m Nm™) 0.20 0.78 0.24 0.77 0.24 0.78 0.24 0.76 0.00 0.70 0.00 0.70
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Table A7.64: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X * Tm! as fixed parameters) and the log Kp..v matrix

pmpep;;lssrco duct PAH properties

15t % pnd 31 log Ko MW log Koy * MW MW * log Ko log Ko * Mw? (log Koy, * Mw)*

fixed * variable () (g mol) (gmol™) (gmol™) (mol g?) (mol g™
parameter parameter R? Ry? R? Ry? R? R? R? R? R? Ry? R? Ry?
Ty (K) 0.78 0.91 0.79 0.91 0.83 0.92 0.73 0.85 0.71 0.84 0.52 0.88
Tg'1 " 0.70 0.92 0.71 0.92 0.75 0.93 0.65 0.86 0.62 0.86 0.45 0.89
SA (m2 g'l) 0.10 0.62 0.10 0.62 0.10 0.63 0.09 0.59 0.08 0.59 0.06 0.61
X ci%) . SAT (gm?) 0.75 0.86 0.76 0.86 0.80 0.87 0.70 0.79 0.68 0.79 0.50 0.83
7,70 (Y Vp (cm3 grl) 0.10 0.63 0.10 0.63 0.11 0.63 0.09 0.60 0.09 0.60 0.06 0.62
Vl:f1 g cm™) 0.75 0.87 0.76 0.86 0.80 0.87 0.70 0.79 0.67 0.79 0.50 0.83
>, SFE (mN m?) 0.73 0.82 0.74 0.81 0.77 0.82 0.68 0.74 0.66 0.74 0.49 0.78
> SFE™ (m Nm™) 0.36 0.84 0.36 0.84 0.39 0.85 0.33 0.79 0.31 0.79 0.22 0.82

Table A7.65: Calculation of Ry2 and R.? with the matrix of two PAH properties (1og Kow, log Knaw) multiplied
with three plastic properties (X * Ty! as fixed parameters) and the log Kp..w matrix

propei?fssrco duct PAH properties
15t % pnd 31 log Ko log Kiaw log Ko * 10g Knaw 10g K * l0g Ko, 10g Kou, * 108 Kngu* (10 Koy, * 108 Kng) ™
fixed * variable () () () () () (-)

parameter parameter R R,? R? R2 R? R, R Ry R? R;? R? R,
Ty (K) 0.78 0.91 0.79 0.91 0.83 0.92 0.73 0.85 0.71 0.84 0.52 0.88
Tgrl (Kl) 0.70 0.92 0.71 0.92 0.75 0.93 0.65 0.86 0.62 0.86 0.45 0.89
SA (m? g'l) 0.10 0.62 0.10 0.62 0.10 0.63 0.09 0.59 0.08 0.59 0.06 0.61
X‘i%) . SA? (g m?) 0.75 0.86 0.76 0.86 0.80 0.87 0.70 0.79 0.68 0.79 0.50 0.83
Tmrl (K’l) Vp (cm3 g'l) 0.10 0.63 0.10 0.63 0.11 0.63 0.09 0.60 0.09 0.60 0.06 0.62
Vp'1 (g Cm-a) 0.75 0.87 0.76 0.86 0.80 0.87 0.70 0.79 0.67 0.79 0.50 0.83
Y SFE (mN lTl’l) 0.73 0.82 0.74 0.81 0.77 0.82 0.68 0.74 0.66 0.74 0.49 0.78
> SFE (m Nm’l) 0.36 0.84 0.36 0.84 0.39 0.85 0.33 0.79 0.31 0.79 0.22 0.82

Table A7.66: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Kow, log C,*") multiplied
with three plastic properties (X * Tn! as fixed parameters) and the log Kp..w matrix

propeilt?lssrcoduct PAH properties
e 3" log Ko log C,™ 10g Koy, * log €™ 10g C, ™ *log Ko, * | 10g Koy *log G, | (log Koy, * log C, )
fixed  * variable ) (mol m?) (mol m™) (mol m?) (m® mol™) (m® mol)

parameter parameter va ha RV2 ha R\/Z ha sz ha sz ha sz Rhl
T, (K) 0.78 0.91 0.82 0.91 0.82 0.92 0.81 0.89 0.05 0.79 0.05 0.79

T, (KD 0.70 0.92 0.76 0.92 0.77 0.93 0.76 0.90 0.03 0.80 0.03 0.80

SA (m2 g™ 0.10 0.62 0.11 0.62 0.11 0.63 0.11 0.61 0.00 0.56 0.00 0.56

X (*(%) sat (gm?) 0.75 0.86 0.79 0.86 0.79 0.87 0.78 0.83 0.05 0.73 0.05 0.73
e Vp (cm? g 0.10 0.63 0.11 0.63 0.11 0.63 0.11 0.62 0.00 0.57 0.00 0.57
vpl(gem? 0.75 0.87 0.79 0.86 0.79 0.88 0.78 0.84 0.05 0.74 0.05 0.74

¥ SFE (mN m™) 0.73 0.82 0.74 0.81 0.75 0.83 0.74 0.79 0.06 0.69 0.06 0.69

¥ SFE™ (m Nm™) 0.36 0.84 0.41 0.84 0.41 0.85 0.41 0.82 0.01 0.75 0.01 0.75
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Table A7.67: Calculation of Rx? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X * Tm! as fixed parameters) and the log Kp..v matrix

plastic
property product
15t% " 3
fixed * variable
parameter parameter
Ty (K
Tg-l (K-l)
SA (m2 g™)
XC,.E%) sA! (s m’z)
T Ve (em? g°)
vp' (g em™®)

> SFE (mN m™)
Y SFE? (m Nm™)

PAH properties
MW log K MW * log Ky MW * log Knay* log Kpgy * MW (MW * log Kngw) ™
(g mol™) (-) (g mol?) (gmol?) (molg?) (mol g™)

R} Ry? R? Ry? R Ry? R/ Ry? R/ Ry? R/ Ry?
0.79 0.91 0.79 0.91 0.30 0.23 0.71 0.76 0.73 0.76 0.51 0.88
0.71 0.92 0.71 0.92 0.26 0.23 0.63 0.78 0.64 0.78 0.44 0.89
0.10 0.62 0.10 0.62 0.05 0.12 0.09 0.55 0.09 0.55 0.06 0.61
0.76 0.86 0.76 0.86 0.27 0.25 0.68 0.71 0.69 0.70 0.49 0.83
0.10 0.63 0.10 0.63 0.05 0.12 0.09 0.55 0.09 0.55 0.06 0.61
0.76 0.86 0.76 0.87 0.26 0.25 0.68 0.71 0.69 0.71 0.49 0.83
0.74 0.81 0.73 0.82 0.26 0.25 0.67 0.66 0.68 0.66 0.49 0.78
0.36 0.84 0.36 0.84 0.14 0.18 0.32 0.73 0.32 0.73 0.21 0.82

Table A7.68: Calculation of Ry2 and R.? with the matrix of two PAH properties
three plastic properties (X. * Tm! as fixed parameters) and the log K. matrix

plastic
property product
15 % pd g
fixed * variable
parameter parameter
T, (K)
Tgrl ®hH
SA (m2 g™)
Xt*(%) . sal (g m'z)
Tt (K'l) Vp (cm3 g'l)
m
Vp' (g em™)

Y SFE (mNm™)
S SFE! (m Nm™)

PAH properties

(MW, log Cy*a") multiplied with

MW log C,*™* MW * log C,* log G, * Mw™ MW * log G, (log Ky, * log C,) "
(gmol”) (mol m”) gm?) (mol”mg”) (gm’ mol?) (m’g”)

R? Ry? R? Ry? R? Ry? R? Ry? R? Ry? R? Ry?
0.79 0.91 0.82 0.91 0.26 0.02 0.81 0.89 0.05 0.79 0.05 0.79
0.71 0.92 0.76 0.92 0.25 0.02 0.76 0.90 0.03 0.80 0.03 0.80
0.10 0.62 0.11 0.62 0.05 0.03 0.11 0.61 0.00 0.56 0.00 0.56
0.76 0.86 0.79 0.86 0.23 0.01 0.78 0.83 0.05 0.73 0.05 0.73
0.10 0.63 0.11 0.63 0.05 0.03 0.11 0.62 0.00 0.57 0.00 0.57
0.76 0.86 0.79 0.86 0.23 0.01 0.78 0.84 0.05 0.74 0.05 0.74
0.74 0.81 0.74 0.81 0.21 0.01 0.74 0.79 0.06 0.69 0.06 0.69
0.36 0.84 0.41 0.84 0.16 0.03 0.41 0.82 0.01 0.75 0.01 0.75

Table A7.69: Calculation of Ri? and R.? with the matrix of two PAH properties (log Knaw, log Cy*3%) multiplied
with three plastic properties (X * Tm! as fixed parameters) and the log Kp..w matrix

propeﬁlrissfo duct PAH properties
1 g™ 3" 10g Ky log C,™ log Kyay * log €, log C,"™ * 10g Kngu " 10g Knaw * 10g C,"™* " | (log Kygy * log €,
fixed * variable (-) (mol m'a) (mol m'z) (mol m'3) (m3 mol'l) (m3 mol'l)

parameter parameter R? Ry? R.? Ry? R2 R R2 Ry2 R? Ry2 R? R,

T, (K) 0.79 0.91 0.82 0.91 0.82 0.92 0.81 0.89 0.05 0.79 0.05 0.79

Tg'1 () 0.71 0.92 0.76 0.92 0.77 0.93 0.76 0.90 0.03 0.80 0.03 0.80

SA (m? g’l) 0.10 0.62 0.11 0.62 0.11 0.63 0.11 0.61 0.00 0.56 0.00 0.56

X C£%) . sAl(gm?) 0.76 0.86 0.79 0.86 0.79 0.87 0.78 0.83 0.05 0.73 0.05 0.73

.Y Vp (em? g 0.10 0.63 0.11 0.63 0.11 0.63 0.11 0.62 0.00 0.57 0.00 0.57

Vp'1 (g cm™) 0.76 0.87 0.79 0.86 0.79 0.88 0.78 0.84 0.05 0.74 0.05 0.74

> SFE (mN m?) 0.73 0.82 0.74 0.81 0.75 0.83 0.74 0.79 0.06 0.69 0.06 0.69

> SFE™! (m Nm™) 0.36 0.84 041 0.84 0.41 0.85 0.41 0.82 0.01 0.75 0.01 0.75
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Table A7.70: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * T, as fixed parameters) and the log K., matrix

pmpeI:};S;:O duct PAH properties

15t % pnd 31 log Ko MW log Koy * MW MW * log Ko, ™" log Koy * MW (log Ky, * MW)™

fixed ¥ variable ) (g mol’) (gmol™) (gmol™) (molg™) (mol g™)
parameter parameter R} Ry? R2 Ry? R? Ry? R2 Ry? R} Ry? R Ry?
SA (m? g'l) 0.01 0.45 0.01 0.45 0.02 0.45 0.01 0.43 0.01 0.43 0.01 0.45
SA™ (g m?) 0.75 0.86 0.76 0.85 0.80 0.86 0.70 0.78 0.68 0.78 0.51 0.82
X ci%) Vp (em® g ™) 0.02 0.46 0.02 0.46 0.02 0.46 0.01 0.44 0.01 0.44 0.01 0.45
T, (K) Vp'1 g cm™®) 0.76 0.86 0.77 0.86 0.81 0.87 0.71 0.79 0.69 0.79 0.51 0.83
> SFE (mN m™) 0.63 0.79 0.63 0.78 0.66 0.80 0.59 0.72 0.57 0.72 0.43 0.76
> SFE” (m Nm™) 0.20 0.76 0.21 0.76 0.22 0.77 0.19 0.72 0.18 0.72 0.12 0.74

Table A7.71: Calculation of Ry2? and R,2? with the matrix of two PAH properties (log Kow, 10g Knaw) multiplied
with three plastic properties (X. * T, as fixed parameters) and the log K., matrix

propeilrissfoduct PAH properties
1% 31 log Ko, log Knaw log Koy, * 108 Knaw 108 Kngw * log Kou " log Koy, * 108 Kngw " (10g Koy, * 108 Kya)
fixed * variable () (-) () (-) (-) (-)

parameter parameter R Ry? R, Ry? R Ry? R Ry2 R/ Ry? R? Ry?
SA (m2 g™ 0.01 0.45 0.01 0.45 0.02 0.45 0.01 0.43 0.01 0.43 0.01 0.45
SA™ (gm™®) 0.75 0.86 0.76 0.85 0.80 0.86 0.70 0.78 0.68 0.78 0.51 0.82
X ci%) . Vp(em gh 0.02 0.46 0.02 0.46 0.02 0.46 0.01 0.44 0.01 0.44 0.01 0.45
T, vp' (g em™) 0.76 0.86 0.77 0.86 0.81 0.87 0.71 0.79 0.69 0.79 0.51 0.83
Y SFE (mN m™) 0.63 0.79 0.63 0.78 0.66 0.80 0.59 0.72 0.57 0.72 0.43 0.76
¥ SFE™ (m Nm™) 0.20 0.76 0.21 0.76 0.22 0.77 0.19 0.72 0.18 0.72 0.12 0.74

Table A7.72: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with three plastic properties (X. * T as fixed parameters) and the log K,.,» matrix

propeI:}:/S;rCo duct PAH properties
15t % pnd 31 log Koy log G, log Ko, * log €, log C,™ * log Koy, * log Koy, * log €, (1og Ko, * log C,~) "
fixed ¥ variable ) (mol m?) (mol m?) (mol m?) (m*mol™) (m® mol™)

parameter parameter R? Ry2 R? R,? R? R,? R? R, R? R, R? R,
SA (m2 g'l) 0.01 0.45 0.02 0.45 0.02 0.46 0.02 0.45 0.00 0.41 0.00 0.41
sat (g m?) 0.75 0.86 0.78 0.85 0.78 0.87 0.77 0.83 0.06 0.72 0.06 0.72
XelA) o vp(emgh) 0.02 0.46 0.02 0.46 0.02 0.46 0.02 0.45 0.00 0.42 0.00 0.42
T, (K) Vli1 (g Cm’a) 0.76 0.86 0.79 0.86 0.79 0.87 0.78 0.83 0.06 0.73 0.06 0.73
Y SFE (mN m?) 0.63 0.79 0.63 0.78 0.64 0.80 0.63 0.76 0.06 0.67 0.05 0.67
> SFE"! (m Nl‘l‘l'l) 0.20 0.76 0.23 0.76 0.23 0.77 0.23 0.75 0.01 0.68 0.00 0.68

Table A7.73: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X, * T, as fixed parameters) and the log K., matrix

propelj‘lt?f;rco duct PAH properties

15t % pnd 3rd MW log Kigw MW * log Kiaw MW * log Knaw - log Kigw * Mw? (MW * log Knaw) ™"

fixed ¥ variable (g mol’) 8 (gmol”) (gmol”) (molg™) (molg”)
parameter parameter R.? Ry2 R Rq2 R/ R.2 R Ry? R.? Ry2 R, R.2
SA (m? g'l) 0.01 0.45 0.01 0.45 0.01 0.08 0.01 0.40 0.01 0.40 0.01 0.44
sA™ (g m?) 0.76 0.85 0.76 0.86 0.27 0.25 0.69 0.70 0.70 0.70 0.50 0.82
Xe i%) . Vp (em? g 0.02 0.46 0.02 0.46 0.01 0.08 0.01 0.41 0.01 0.41 0.01 0.45
T, (K) Vp'1 (g em®) 0.77 0.86 0.77 0.86 0.27 0.25 0.69 0.70 0.70 0.70 0.50 0.82
Y SFE (mN m?) 0.63 0.78 0.63 0.79 0.22 0.23 0.58 0.64 0.58 0.64 0.42 0.76
> SFE™ (m Nm™) 0.21 0.76 0.21 0.76 0.09 0.15 0.18 0.66 0.19 0.66 0.12 0.74
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Table A7.74: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log C,*3) multiplied with
three plastic properties (X. * T, as fixed parameters) and the log K., matrix

plastic PAH properties
property product
5t % pnd 31 MW log C,* MW * log C,* log C,* * Mw™ MW * log C,*™* (log Koy, * log €)™
fixed ¥ variable (gmol™) (mol m?) (gm?) (mol’m?g™) (gm’mol?) (m’g?)
parameter parameter R? Ry? R/ R,2 R/ Ry2 R2 Ry? R?2 Ry? R2 Ry
SA (m2 g'l) 0.01 0.45 0.02 0.45 0.01 0.02 0.02 0.45 0.00 0.41 0.00 0.41
sat (g m?) 0.76 0.85 0.78 0.85 0.22 0.01 0.77 0.83 0.06 0.72 0.06 0.72
X ri%) . Vp(em’g™h) 0.02 0.46 0.02 0.46 0.01 0.02 0.02 0.45 0.00 0.42 0.00 0.42
K vp' (g em™) 0.77 0.86 0.79 0.86 0.22 0.01 0.78 0.83 0.06 0.73 0.06 0.73
14
3 SFE (mN m™) 0.63 0.78 0.63 0.78 0.18 0.01 0.63 0.76 0.06 0.67 0.05 0.67
> SFE™ (m Nm'") 0.21 0.76 0.23 0.76 0.10 0.03 0.23 0.75 0.01 0.68 0.00 0.68

Table A7.75: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*a) multiplied
with three plastic properties (X, * T, as fixed parameters) and the log K;., matrix

pmpeprzssrco duct PAH properties
15t pnd 3rd log Kngw log C,™ log Ky * log C,,™" log C,"™ * log Knaw " log Kngy * log €, (log Knaw * log C,°™)™"
fixed * variable (-) (mol m'z) (mol m'z) (mol m'z) (m3 mol'l) (m3 mol'l)

parameter parameter R.? R R.? R R? R, R? Ry2 R/ Rq2 R/ Ry2
SA (m? g'l) 0.01 0.45 0.02 0.45 0.02 0.46 0.02 0.45 0.00 0.41 0.00 0.41
SA™ (gm™) 0.76 0.86 0.78 0.85 0.78 0.87 0.77 0.82 0.06 0.72 0.06 0.72
X ci%) . Vp(emgh 0.02 0.46 0.02 0.46 0.02 0.46 0.02 0.45 0.00 0.42 0.00 0.42
7, (K) vp!(gem?) 0.77 0.86 0.79 0.86 0.79 0.87 0.78 0.83 0.06 0.73 0.06 0.73
> SFE (mN m?) 0.63 0.79 0.63 0.78 0.64 0.80 0.63 0.76 0.06 0.67 0.05 0.67
¥ SFE™ (m Nm™) 0.21 0.76 0.23 0.76 0.23 0.77 0.23 0.75 0.01 0.68 0.00 0.68

Table A7.76: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X. * Tg! as fixed parameters) and the log Ky..w matrix

propeﬂ?fsgrco duct PAH properties

15t pnd 31 log Kow MwW log Koy ¥ MW MW * log Ko\, log Koy, * MW (log Koy, * MW)™*

fixed ¥ variable () (g mol’) (gmol™) (gmol™) (mol g™) (molg™)
parameter parameter R R,? R Ry? RS Ry? R Ry? R R? R? Ry?
SA (m2 g™ 0.12 0.69 0.13 0.68 0.13 0.69 0.11 0.65 0.11 0.65 0.07 0.67
SAT (gm?) 0.63 0.85 0.63 0.84 0.67 0.85 0.58 0.78 0.56 0.78 0.40 0.82
Xe i%) . Vp (em? g 0.13 0.69 0.13 0.69 0.14 0.69 0.12 0.66 0.11 0.65 0.08 0.68
T Vp' (g em®) 0.61 0.85 0.62 0.84 0.66 0.85 0.57 0.78 0.55 0.78 0.39 0.81
3 SFE (mN m™") 0.81 0.88 0.82 0.88 0.86 0.89 0.75 0.81 0.73 0.81 0.54 0.85
¥ SFE" (m Nm™) 0.22 0.75 0.22 0.74 0.24 0.75 0.20 0.71 0.19 0.70 0.12 0.73

Table A7.77: Calculation of Ry? and Ry? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with three plastic properties (X * Tg! as fixed parameters) and the log Kp.. matrix

propeﬂ?fssfoduct PAH properties
ot 3 10g Kou 10g Ky log Ko * 108 Knau 10g Kyaw * log Koy, log Koy, * 10g Knaw " | (108 Koy * log Kngu) ™
fixed * variable () ) () () () ()
parameter parameter RS2 Ry2 RS2 R,2 RS2 Ry? R Ry2 R Ry? R? Ry?
SA (m? g'l) 0.12 0.69 0.13 0.68 0.13 0.69 0.11 0.65 0.11 0.65 0.07 0.67
SAT! (g m?) 0.63 0.85 0.63 0.84 0.67 0.85 0.58 0.78 0.56 0.78 0.40 0.82
Xci%) ) Vp (ems gh) 0.13 0.69 0.13 0.69 0.14 0.69 0.12 0.66 0.11 0.65 0.08 0.68
Tg'l (K V]::'1 g em®) 0.61 0.85 0.62 0.84 0.66 0.85 0.57 0.78 0.55 0.78 0.39 0.81
> SFE (mN m™) 0.81 0.88 0.82 0.88 0.86 0.89 0.75 0.81 0.73 0.81 0.54 0.85
¥ SFE™ (m Nm™) 0.22 0.75 0.22 0.74 0.24 0.75 0.20 0.71 0.19 0.70 0.12 0.73
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Table A7.78: Calculation of Ry? and R.? with the matrix of two PAH properties (log Kow, log C**) multiplied
with three plastic properties (X * Tg! as fixed parameters) and the log K., matrix

plastic .
property product PAH properties
e g 39 10g Kou log €, log Koy, * log €™ log ™ *log Ko " | log Ko *log €, ™ | (log Ko, * log €,
fixed ¥ variable () (mol m™) (mol m™) (mol m™) (m’ mol™) (m® mol™)
parameter parameter R Ry? R R R? Ry R? Ry R? Ry R? R,?
SA (m2 g™) 0.12 0.69 0.14 0.68 0.14 0.69 0.14 0.67 0.00 0.62 0.00 0.62
sat (gm?) 0.63 0.85 0.67 0.84 0.68 0.86 0.67 0.82 0.03 0.73 0.03 0.73
Xl vp(eme g 0.13 0.69 0.15 0.69 0.15 0.69 0.15 0.68 0.00 0.62 0.00 0.62
Y vp' (g em?) 0.61 0.85 0.66 0.84 0.66 0.86 0.66 0.82 0.03 0.73 0.03 0.73
8
¥ SFE (mN m™) 0.81 0.88 0.84 0.88 0.84 0.89 0.83 0.85 0.06 0.75 0.06 0.75
YSFE'(mNm™") | 022 0.75 0.26 0.74 0.26 0.75 0.26 0.73 0.00 0.67 0.00 0.67

Table A7.79: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * Tg! as fixed parameters) and the log K., matrix

propeiltissfo duct PAH properties

1% ond g0 MW 10g Kngw MW * log Ky, MW * log Kpgw* 10g Kpgy * MW (MW * 10g Knau) ™

fixed * variable (g mol™) () (g mol™) (g mol™) (mol g™) (mol g™)
parameter parameter R?2 Ry? R2 Ry? R2 Ry R2 Ry R? Ry2 R? Ry?
SA (m? g’l) 0.13 0.68 0.12 0.69 0.06 0.13 0.11 0.60 0.11 0.60 0.07 0.67
SA™ (g m'Z) 0.63 0.84 0.63 0.85 0.22 0.23 0.57 0.70 0.57 0.70 0.40 0.81
X‘i%) . Vp (em? gh) 0.13 0.69 0.13 0.69 0.06 0.13 0.12 0.60 0.12 0.60 0.08 0.67
7,16 vp' (g em™) 0.62 0.84 0.62 0.85 0.22 0.23 0.55 0.70 0.56 0.70 0.39 0.81
> SFE (mN m?) 0.82 0.88 0.81 0.88 0.29 0.26 0.74 0.72 0.75 0.72 0.53 0.84
> SFE! (m Nm™) 0.22 0.74 0.22 0.75 0.09 0.15 0.19 0.65 0.19 0.65 0.12 0.73

Table A7.80: Calculation of Rp? and R.? with the matrix of two PAH properties (MW, log C,**") multiplied with
three plastic properties (X. * Tg! as fixed parameters) and the log Ky..w matrix

propel:}; S;)irco duct PAH properties
15t % pnd 31 MW log C,”™ MW * log G, log C, ™ * Mw™ MW * log G~ (log Ko, * log C,/™)*
ficed ¥ variable (gmol™) (mol m?) em?) (mol’ m>g™) (gm’mol?) (m’g?)

parameter parameter R? Ry? R R R? Ry? R? Ry? R? Ry? R? Ry?
SA (m? g']) 0.13 0.68 0.14 0.68 0.07 0.03 0.14 0.67 0.00 0.62 0.00 0.62
sA™ g m'2) 0.63 0.84 0.67 0.84 0.20 0.01 0.67 0.82 0.04 0.73 0.03 0.73
X =£%) . Vplemigh 0.13 0.69 0.15 0.69 0.07 0.03 0.15 0.68 0.00 0.62 0.00 0.62
Tg'1 %) Vp'1 (g cm’3) 0.62 0.84 0.66 0.84 0.20 0.01 0.66 0.82 0.03 0.73 0.03 0.73
> SFE (mN m'l) 0.82 0.88 0.84 0.88 0.24 0.01 0.83 0.85 0.06 0.75 0.06 0.75
> SFE?! (m Nm’l) 0.22 0.74 0.26 0.74 0.10 0.03 0.26 0.73 0.00 0.67 0.00 0.67

Table A7.81: Calculation of Ry? and R, with the matrix of two PAH properties (1og Knaw, log Cy*2) multiplied
with three plastic properties (X * Tg! as fixed parameters) and the log Kp..w matrix

propeiltjlssfoduct PAH properties
1°t* o 3 10g Khaw log C,™ log Knay * log "™ log G, * 10g Kngu " 1og Kyay * log €, | (log Kyay, * log €,
fixed * variable (-) (mol m?) (mol m™) (molm?) (m*mol™) (m*mol™)

parameter parameter R? R,? R R,? R? R,? R2 Ry R Ry R R;2
SA (m? g’l) 0.12 0.69 0.14 0.68 0.14 0.69 0.14 0.67 0.00 0.62 0.00 0.62
sA! (g m’z) 0.63 0.85 0.67 0.84 0.68 0.86 0.67 0.82 0.03 0.73 0.03 0.73
Xci%) . Vplemegh 0.13 0.69 0.15 0.69 0.15 0.69 0.15 0.68 0.00 0.62 0.00 0.62
Tg,1 (K'1) ' Vp'l g Cmra) 0.62 0.85 0.66 0.84 0.66 0.86 0.66 0.82 0.03 0.73 0.03 0.73
> SFE (mN m™) 0.81 0.88 0.84 0.88 0.84 0.90 0.83 0.85 0.06 0.75 0.06 0.75
> SFE™ (m Nm™) 0.22 0.75 0.26 0.74 0.26 0.75 0.26 0.73 0.00 0.67 0.00 0.67
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Table A7.82: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with
three plastic properties (X * SA as fixed parameters) and the log K., matrix

plastic
property product
15t % nd 31
fixed * variable
parameter parameter
Vp (em? g™
Xe(%) vp' (g em™)
*
sA(m?g?) > SFE (mNm™)

¥ SFE™ (m Nm™)

PAH properties
log Ko MW log Koy, * MW MW * log Ky, log Koy, * MW (log Koy * MW)™
) (g mol) (g mol™) (g mol™) (molg?) (molg?)

R? Ry? R? Ry R? Ry R? Ry R? Ry R? Ry
0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.25 0.00 0.25 0.00 0.25
0.83 0.95 0.84 0.95 0.88 0.96 0.77 0.89 0.74 0.88 0.54 0.92
0.31 0.75 0.32 0.74 0.33 0.75 0.29 0.70 0.28 0.70 0.21 0.73
0.00 0.42 0.00 0.42 0.00 0.42 0.00 0.41 0.00 0.41 0.00 0.42

Table A7.83: Calculation of Ry2 and R.? with the matrix of two PAH properties (1og Kow, log Knaw) multiplied
with three plastic properties (X * SA as fixed parameters) and the log K,.» matrix

plastic
property product
15t % pnd g
fixed * variable
parameter parameter
Vp (cm® g™)
X (%) vp (g cm®)
*
SA (m2g) Y SFE (mN mh)

S SFE! (m Nm™)

PAH properties
log Koy 10g Khaw log Koy * 108 Knaw 10g Kngw * log Koy 10 Kou * 108 Knaw (10g Ko * l0g Kngw) "
() () () () () )

R/ Ry? R? Ry’ R? Ry? R/? Ry? R/ Ry? R/ Ry?
0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.25 0.00 0.25 0.00 0.25
0.83 0.95 0.84 0.95 0.88 0.96 0.77 0.89 0.74 0.88 0.54 0.92
0.31 0.75 0.32 0.74 0.33 0.75 0.29 0.70 0.28 0.70 0.21 0.73
0.00 0.42 0.00 0.42 0.00 0.42 0.00 0.41 0.00 0.41 0.00 0.42

Table A7.84: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with three plastic properties (X * SA as fixed parameters) and the log K., matrix

plastic
property product
15t % pnd 3rd
fixed * variable
parameter parameter
Vp (em? g™)
Xe(%) vp' (g em®)
*
sA(mig") ¥ SFE (mN m™)

S SFE! (m Nm™)

PAH properties
log Koy, log C,* log Koy, * log G, log C,* * log Koy, log Ko, *log ™" | (log Ko, * log €,
(-) (mol m?®) (mol m?) (mol m?) (m*mol™) (m*mol™)

R? Ry? R Ry? R/ Ry R? Ry? R? Ry? R? Ry?
0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.24 0.00 0.24
0.83 0.95 0.89 0.95 0.89 0.96 0.88 0.93 0.05 0.83 0.04 0.83
0.31 0.75 0.33 0.74 0.33 0.75 0.33 0.73 0.02 0.66 0.02 0.66
0.00 0.42 0.01 0.42 0.01 0.42 0.01 0.42 0.00 0.39 0.00 0.39

Table A7.85: Calculation of Ry2 and R.2 with the matrix of two PAH properties
three plastic properties (X * SA as fixed parameters) and the log K., matrix

(MW, log Knaw) multiplied with

propeﬂ?fssrco duct PAH properties
1%t 3 Mw log Kiaw MW * 1og Ky MW * log g, * 108 Kyg * MW (MW * log Kyg,,) ™
fixed ¥ variable (g mol™) 8 (gmol™) (gmol™) (mol g™) (molg”)

parameter parameter RS2 R.2 RS2 R,2 R? Ry2 R/? Ry2 R? Ry? R Ry2

Vp (cm?3 g'l) 0.00 0.26 0.00 0.26 0.00 0.03 0.00 0.24 0.00 0.24 0.00 0.25

X‘i%) Vp'l (g Cmrs) 0.84 0.95 0.83 0.95 0.31 0.23 0.75 0.80 0.76 0.80 0.53 0.92

A (mz g,1) > SFE (mN m’l) 0.32 0.74 0.32 0.75 0.13 0.17 0.29 0.64 0.29 0.64 0.21 0.72

> SFE! (m Nm'l) 0.00 0.42 0.00 0.42 0.00 0.06 0.00 0.38 0.00 0.38 0.00 0.42
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Table A7.86: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log C,*3) multiplied with
three plastic properties (X * SA as fixed parameters) and the log K., matrix

plastic
property product
15t % pnd 3
fixed * variable
parameter parameter
Vp (cm? g ™)
X (%) Vp' (g em®)
*
sA (m2g) Y SFE (mNm™)

> SFE! (m Nm™)

PAH properties
MW log C,*™ MW * log G, log C, * mw™* MW * log G, (log Koy * log )"
(gmol™) (mol m?) (gm?) (mol”m™g) (gm’ mol?) (m’g™)

R? Ry R? Ry? R/ Ry? R/ Ry? R? R;? R? Ry?
0.00 0.26 0.00 0.26 0.00 0.02 0.00 0.26 0.00 0.24 0.00 0.24
0.84 0.95 0.89 0.95 0.29 0.02 0.88 0.93 0.05 0.83 0.04 0.83
0.32 0.74 0.33 0.74 0.12 0.02 0.33 0.73 0.02 0.66 0.02 0.66
0.00 0.42 0.01 0.42 0.01 0.03 0.01 0.42 0.00 0.39 0.00 0.39

Table A7.87: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cy*3) multiplied
with three plastic properties (X * SA as fixed parameters) and the log K., matrix

plastic
property product
15t % gnd 3
fixed * variable
parameter parameter
Vp (cm? g™)
Xe(%) vp' (g em™)
*
SA (mz grl) Y SFE (mN m'l)

> SFE! (m Nm™)

PAH properties
log Kigw log G, log Knqy * log €, log C,*™ * log Ky " log Kigy * log €, " (log Knaw * log €,
() (mol m?) (mol m?) (mol m?) (m*mol™) (m*mol™)

R? Ry? R? Ry? R? Ry? R? Ry? R? Ry? R? Ry?
0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.24 0.00 0.24
0.83 0.95 0.89 0.95 0.89 0.96 0.88 0.93 0.05 0.83 0.04 0.83
0.32 0.75 0.33 0.74 0.33 0.76 0.33 0.73 0.02 0.66 0.02 0.66
0.00 0.42 0.01 0.42 0.01 0.42 0.01 0.42 0.00 0.39 0.00 0.39

Table A7.88: Calculation of Ry2 and R,? with the matrix of two PAH properties
three plastic properties (X * SA'! as fixed parameters) and the log K, matrix

plastic
property product
15t % gnd 3
fixed * variable
parameter parameter
Vp (cm? g™)
X (%) vp (g em™®)
*

sat(gm?) Y SFE (mN m™)

S SFE! (m Nm™)

(log Kow, MW,) multiplied with

PAH properties
log Koy MW log Koy * MW MW * log Ko\, log Koy * MW (log Ky, * MW) ™
() (g mol?) (g mol™) (g mol™) (molg?) (molg?)

R? Ri2 R? Ri2 R? Ri2 R? Ri2 R? Ry2 R? Ry2
0.85 0.95 0.86 0.95 091 0.96 0.79 0.89 0.76 0.88 0.55 0.92
0.70 0.81 0.71 0.81 0.74 0.82 0.65 0.74 0.63 0.74 0.46 0.78
0.65 0.73 0.66 0.72 0.69 0.74 0.61 0.66 0.59 0.66 0.45 0.69
0.44 0.82 0.44 0.82 0.47 0.83 0.40 0.76 0.39 0.76 0.27 0.79

Table A7.89: Calculation of Ry? and R.? with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with three plastic properties (X * SA™! as fixed parameters) and the log K.~ matrix

propelz};sg)lrco duct PAH properties

1t % pnd 3 log Ko 10g Kyaw log Koy * 08 Knaw 10g Ky * 108 Ko, 1og Ko * 108 Kngy ™ (10g Koy * 10g Kya) ™

fixed * variable () () () () (-) (-)
parameter parameter R R;? R? R,? R? R, R2 Ry R R, R? R

Vp (em? g 0.85 0.95 0.86 0.95 0.91 0.96 0.79 0.89 0.76 0.88 0.55 0.92

Xci%) Vp'l (g Cm’3) 0.70 0.81 0.71 0.81 0.74 0.82 0.65 0.74 0.63 0.74 0.46 0.78

st & m,z) > SFE (mN m'l) 0.65 0.73 0.66 0.72 0.69 0.74 0.61 0.66 0.59 0.66 0.45 0.69
> SFE! (m Nm™) 0.44 0.82 0.44 0.82 0.47 0.83 0.40 0.76 0.39 0.76 0.27 0.79
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Table A7.90: Calculation of Ry? and R.? with the matrix of two PAH properties (log Kow, log C**) multiplied
with three plastic properties (X * SA™! as fixed parameters) and the log K;.» matrix

plastic
property product
15t % pnd 31
fixed variable
parameter parameter
Vp (em? g
Xe(%) vp' (g em™)
*

satgm? Y SFE (mN m™)

¥ SFE™ (m Nm™)

PAH properties
108 Koy log C,” log Ko *10g C,™ | 1og G *logko” | log Ko *logC™" | (log Ko *log €™
(-) (molm?) (molm?) (molm?) (m*mol™?) (m*mol™®)

R? Ry? R? Ry? R? Ry? R? Ry? R Ry? R Ry?
0.85 0.95 0.91 0.95 0.91 0.96 0.90 0.93 0.05 0.83 0.05 0.83
0.70 0.81 0.73 0.81 0.74 0.82 0.72 0.79 0.05 0.69 0.05 0.69
0.65 0.73 0.67 0.72 0.67 0.74 0.66 0.70 0.06 0.61 0.05 0.61
0.44 0.82 0.49 0.82 0.49 0.83 0.49 0.80 0.02 0.72 0.02 0.72

Table A7.91: Calculation of Ry2 and R,? with the matrix of two PAH properties
three plastic properties (X. * SA'! as fixed parameters) and the log K,.,, matrix

plastic
property product
15t pnd 31
fixed variable
parameter parameter
Vp (em? g1
Xe(%) vp' (g em™)
*
saligm? > SFE (mN m™)

¥ SFE™ (m Nm™)

PAH properties

(MW, log Knaw) multiplied with

MW log Knaw MW * log Kpgw MW * log Knaw * log Kigw * Mw™ (MW * log Kngw)
(g mol”) (-) (g mol™) (g mol™) (molg?) (mol g™)

R? Ry? R/ Ry? R? Ry? R/ Ry? R? Ry? R/ Ry?
0.86 0.95 0.86 0.95 0.32 0.24 0.77 0.80 0.78 0.80 0.54 0.92
0.71 0.81 0.70 0.81 0.24 0.24 0.63 0.66 0.64 0.66 0.45 0.78
0.66 0.72 0.66 0.73 0.23 0.24 0.60 0.58 0.61 0.58 0.44 0.69
0.44 0.82 0.44 0.82 0.16 0.20 0.39 0.69 0.40 0.69 0.27 0.79

Table A7.92: Calculation of Ry? and R,? with the matrix of two PAH properties
three plastic properties (X. * SA'! as fixed parameters) and the log K,.,, matrix

plastic
property product
15t pnd 3
fixed * variable
parameter parameter
Vp (cm3 g'l)
Xci%) vprl (g cm'3)
salgm? Y SFE (mNm™)

> SFE! (m Nm™)

(MW, log Cy*a) multiplied with

PAH properties
MW log C,”** MW * log G, log G, * Mw™ MW * log G, (log Koy * log "
(g mol'™) (mol m?) (gm?) (mol’ m?g?) (g m>mol?) (m’g")

R? Ry? R? Ry? R? Ry? R? Ry? R? Ry? R} Ry?
0.86 0.95 0.91 0.95 0.29 0.02 0.90 0.93 0.05 0.83 0.05 0.83
0.71 0.81 0.73 0.81 0.21 0.01 0.72 0.78 0.05 0.69 0.05 0.69
0.66 0.72 0.67 0.72 0.18 0.00 0.66 0.70 0.06 0.61 0.05 0.61
0.44 0.82 0.49 0.82 0.16 0.02 0.49 0.80 0.02 0.72 0.02 0.72

Table A7.93: Calculation of Ry? and R, with the matrix of two PAH properties (1og Knaw, log Cy*2) multiplied
with three plastic properties (X * SA™! as fixed parameters) and the log K.~ matrix

propei?fsgjo duct PAH properties
15t % pnd 3 10g Kigw log G, 10g Ky * log €™ log C,*™ * log Kngw log Knay * log €, (108 Kygy * log €)™
fixed variable () (mol m?) (mol m?) (mol m?) (m’ mol™) (m’* mol™)
parameter parameter RS2 Ry2 R? Rp2 R? Ry? R? Ry? R2 R.2 R R,?
Vp (cm? g'l) 0.86 0.95 0.91 0.95 0.91 0.96 0.90 0.93 0.05 0.83 0.05 0.83
X ci%) vp' (g em™) 0.70 0.81 0.73 0.81 0.74 0.82 0.72 0.78 0.05 0.69 0.05 0.69
sat © m'z) > SFE (mN m'l) 0.66 0.73 0.67 0.72 0.67 0.74 0.66 0.70 0.06 0.61 0.05 0.61
> SFE™ (m Nm']) 0.44 0.82 0.49 0.82 0.49 0.83 0.49 0.80 0.02 0.72 0.02 0.72
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Table A7.94: Calculation of Ry2 and R,? with the matrix of two PAH properties (log Kow, MW,) multiplied with

three plastic properties (X. * Vp as fixed parameters) and the log K, matrix

propeiisgrcoduct PAH properties
15t % pnd g1 log Ko, MW log Koy * MW MW * log Ko, log Ko * MW (log Koy * MW)™
fixed * variable () (g mol™) (g mol™) (gmol™) (mol g™ (mol g?)
parameter parameter R? Ry2 R? R, R2 Ry R? Ry R? Ry R? R,
X (%) * > SFE (mN rn'l) 0.33 0.75 0.33 0.75 0.35 0.76 0.31 0.70 0.30 0.70 0.22 0.73
Vp (cm*g) )y SFE' (m Nm™) 0.00 0.42 0.00 0.42 0.00 0.42 0.00 0.41 0.00 0.41 0.00 0.42

Table A7.95: Calculation of Ry? and R,? with the matrix of two PAH properties (log Kow, log Knaw) multiplied

with three plastic properties (X. * Vp as fixed parameters) and the log K,.w matrix

plastic PAH properties
property product
15t gnd 3 log Ko, log Kngw log Koy * 108 Knaw 10g Kpg * 108 Koy log Koy * 08 Ky (10g Koy, * 10g Kpay) ™
fixed * variable () () () () () ()
parameter parameter R Ry R2 R R? Ry? R? R,? R? R2 R? R,
X (%) * Y. SFE (mN m™) 0.33 0.75 0.33 0.75 0.35 0.76 0.31 0.70 0.30 0.70 0.22 0.73
Vp (cm?g?) > SFE" (m Nm™) 0.00 0.42 0.00 0.42 0.00 0.42 0.00 0.41 0.00 0.41 0.00 0.42

Table A7.96: Calculation of Ry? and R.2 with the matrix of two PAH properties (log Kow, log C**) multiplied

with three plastic properties (X. * Vp as fixed parameters) and the log K,.w matrix

plastic PAH properties
property product
75 % o 3 log Ko, log C,"* log Koy * log C,*™ log C,*™ * log Koy, log Koy, * log €, | (log Koy, * log C, ™)
fixed * variable (-) (mol m'a) (mol m'3) (mol m'a) (m3 mol'l) (m3 mol'l)
parameter parameter R2 R R2 R R2 Ry? R? Ry2 R? R, R? Ry?
X (%) * > SFE (mN m™") 0.33 0.75 0.34 0.75 0.34 0.76 0.34 0.73 0.02 0.66 0.02 0.66
Vp (cm?g™) > SFE™ (m Nm™) 0.00 0.42 0.01 0.42 0.01 0.42 0.01 0.42 0.00 0.39 0.00 0.39

Table A7.97: Calculation of Ry2 and R,? with the matrix of two PAH properties (MW, log Knaw) multiplied with

three plastic properties (X. * Vp as fixed parameters) and the log K, matrix

propeﬂ?fssrcoduct PAH properties
15t pnd g MW log Kiaw MW * log Kpqw MW * log Knaw * log Kigw * Mw™ (MW * log Knaw) ™
fixed * variable (g mol™) () (gmol™) (g mol™) (mol g™) (mol g™)
parameter parameter R2 Ry R2 Ry? R.? R R2 Ry R? Ry? R? Ry?
Xc (%) * > SFE (mN m™") 0.33 0.75 0.33 0.75 0.13 0.17 0.30 0.64 0.30 0.64 0.21 0.73
Vp (cm?g™) > SFE™ (m Nm™) 0.00 0.42 0.00 0.42 0.01 0.06 0.00 0.38 0.00 0.38 0.00 0.42

Table A7.98: Calculation of Ry? and R.? with the matrix of two PAH properties (MW, log C*2) multiplied with

three plastic properties (X * Vp as fixed parameters) and the log K, matrix

propeiltirssfo duct PAH properties
15t % pnd 3 MW log C, ™ MW * log C,”™ log G, * Mw™ MW * log G, (log Koy, * log C,*)™"
fixed * variable (gmol™) (mol m?) (gm?) (molPm?g?) (gm*mol?) (m*gh)
parameter parameter R? Ry? R? R,? R? Ry2 R Ry R? R, R? Ry
X (%) * Y. SFE (mN m?) 0.33 0.75 0.34 0.75 0.12 0.02 0.34 0.73 0.02 0.66 0.02 0.66
Vp (cm?g™) > SFE" (m Nm™) 0.00 0.42 0.01 0.42 0.01 0.03 0.01 0.42 0.00 0.39 0.00 0.39
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Table A7.99: Calculation of Ry2 and R.? with the matrix of two PAH properties (log Knaw, log Cw*2) multiplied
with three plastic properties (X. * Vp as fixed parameters) and the log K, matrix

plastic X
property product PAH properties
75t % o 3 10g Kpgu log C,™ log Kygy, * log ™ log ™ *10g Kngw " | 108 Kngy * log ™" | (log Kua, * log €)™
fixed variable ) (mol m?) (mol m?) (mol m?) (m® mol”) (m* mol)
parameter parameter R Ry? R? Ry? R, R,? R? R.? R? Ry R? Ry
X (%) * Y SFE (mN m™) 0.33 0.75 0.34 0.75 0.34 0.76 0.34 0.73 0.02 0.66 0.02 0.66
Vp (cm3g™?) ¥ SFE' (m Nm™) 0.00 0.42 0.01 0.42 0.01 0.42 0.01 0.42 0.00 0.39 0.00 0.39

Table A7.100: Calculation of Ry2? and R,? with the matrix of two PAH properties
three plastic properties (X. * Vp! as fixed parameters) and the log Kp.,» matrix

(log Kow, MW,) multiplied with

propeprlt?rssfo duct PAH properties
1% o g0 log Kow MW log Koy * MW MW * log Ko, " log Koy, * MW™ (log Ky * MW)™
fixed * variable () (g mol™) (g mol™) (gmol™) (mol g (molg?)
parameter parameter R? R,? R? R,? R? R,? R2 R, R? R, R? R;2
X (%) * > SFE (mN m’l) 0.66 0.74 0.67 0.73 0.70 0.74 0.62 0.67 0.60 0.66 0.45 0.70
Vp'1 (g cm's) > SFE™ (m Nm’l) 0.42 0.81 0.43 0.81 0.45 0.82 0.39 0.76 0.37 0.76 0.26 0.79

Table A7.101: Calculation of Ry and R.2 with the matrix of two PAH properties (log Kow, log Knaw) multiplied
with three plastic properties (X. * Vp! as fixed parameters) and the log K,.,w matrix

plastic .
property product PAH properties
15tx g0 3¢ 10g Koy 108 Ko 108 Kou * 108 Kigu 10g Ky " 10g Ko " | 10g Kow *l0g Knay ™ | (108 Ko * 108 Kns)”
fixed * variable () () () () () ()
parameter parameter R Ry? R} Ry? R.? R.? R Ry R2 R? R2 R
X (%) * ¥ SFE (mNm™) 0.66 0.74 0.67 0.73 0.70 0.74 0.62 0.67 0.60 0.66 0.45 0.70
Vo' (gem™) ¥ SFE™ (m Nm™) 0.42 0.81 0.43 0.81 0.45 0.82 0.39 0.76 0.37 0.76 0.26 0.79

Table A7.102: Calculation of Ry2 and R.2? with the matrix of two PAH properties (log Kow, log Cy*2) multiplied
with three plastic properties (X * Vp! as fixed parameters) and the log Kj.w matrix

plastic .
property product PAH properties
15t % pnd 31 log Koy log C,*™ log Ko, * log C,”™ log G, * log Koy, * log K, * log C,/™ " (log Ko\, * log €,
fixed variable §) (mol m?) (mol m?) (mol m?) (m’ mol™) (m’ mol™)
parameter parameter RS2 R2 R, R,? R Ry? R2 Ry? R2 Ry? R? Ry?
X (%) * ¥ SFE (mNm™) 0.66 0.74 0.67 0.73 0.68 0.75 0.67 0.71 0.06 0.61 0.05 0.61
vp ™ (gem?) ¥ SFE" (m Nm™) 0.42 0.81 0.47 0.81 0.47 0.82 0.47 0.79 0.02 0.71 0.01 0.71

Table A7.103: Calculation of Ry2? and R.2 with the matrix of two PAH properties (MW, log Knaw) multiplied with
three plastic properties (X. * Vp! as fixed parameters) and the log Kp.,» matrix

plastic .
property product PAH properties
1t ond g1 MW 1og Ky MW * log Kygy, MW * log Kngy log Kigy * MW (MW * 1og Kogy)
fixed * variable (g mol’) () (gmol?) (g mol™) (mol g7 (mol g7
parameter parameter R?2 Ry R2 R2 RS2 Ry2 R2 Ry2 R? Ry2 R? R,?
X (%) * . X SFE (mN m™) 0.67 0.73 0.66 0.74 0.23 0.24 0.60 0.59 0.61 0.59 0.44 0.70
vp'(gem?) > SFE" (m Nm™) 0.43 0.81 0.42 0.81 0.15 0.19 0.38 0.69 0.38 0.69 0.25 0.78
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Table A7.104: Calculation of Ry2 and R,? with the matrix of two PAH properties (MW, log C,**) multiplied with
three plastic properties (X * Vp! as fixed parameters) and the log K,.v matrix

propei?/sltal:o duct PAH properties
15t % pnd 3 MW log C,™ MW * log C,** log C,* * Mw* MW * log C,”* (log Koy, * log €, )"
fixed variable (gmol™) (mol m*) (gm?) (mol’m*g”) (gm’mol?) (m’g?)
parameter parameter RS2 Ry2 R RS2 Ry? RS2 Ry? R2 Ry? R2 Ry?
X (%) * > SFE (mN m™) 0.67 0.73 0.67 0.18 0.00 0.67 0.71 0.06 0.61 0.05 0.61
vp*(gem?) ¥ SFE" (m Nm™) 0.43 0.81 0.47 0.15 0.02 0.47 0.79 0.02 0.71 0.01 0.71

Table A7.105: Calculation of Ry and R,? with the matrix of two PAH properties (log Knaw, log C5) multiplied
with three plastic properties (X * Vp! as fixed parameters) and the log Kj.,w matrix

plastic .
property product PAH properties
15t% 31 log Kyaw log C,, 10§ Kngy, * log C™ log G, * log Kyaw* | 108 Ky * 108 C,™* " | (log Koy * log €,
fixed * variable (-) (mol m™) (mol m™) (mol m™) (m*mol™) (m®mol?)
parameter parameter R2 Ry2 R2 R? Ri2 R? R, R? Ry? R? R,
X (%) * ; >, SFE (mN m™) 0.66 0.74 0.67 0.68 0.75 0.67 0.71 0.06 0.61 0.05 0.61
vp'(gem?) > SFE! (m Nm™) 0.42 0.81 0.47 0.47 0.82 0.47 0.79 0.02 0.71 0.01 0.71

Table A7.106: n = 100 published log Kippe-w/pe-w (L kg1), which are the basis for the calculation of the RMSE

Booji et aal. Adams et  Cornelissen Smedes et Fernandez Hale et al. (2010) Bao et Choi et . Zhu et Wang et
(2003) al. (2007) etal. (2008) al. (2009) etal. (2009) al. (2012) al. (2013)° al. (2015) al. (2019)
26 pm 51 um
PAHSs log €, thick PE  thick PE
(mol m-a) log Kippew 108 Kippe.w 108 Kippew 108 Kippew 108 Kippgw 108 Kpp.w  10g Kpp.w 108 Kippe.w 108 Kippew 108 Kippew 108 Kippe-w
naphthalene -0.01 3.04 2.81 3.23 2.94 2.84
acenaphthylene -0.78 3.16 3.85
acenaphthene -0.84 3.67 3.62 4.25 3.53 3.94
fluorene -1.23 3.78 3.77 4.51 3.67 4.14
phenanthrene -1.61 4.27 4.30 4.14 4.22 4.3 4.17 4.13 4.78 4.04 4.22 4.08
anthracene -1.61 4.90 4.37 4.33 4.3 4.33 4.26 4.15 4.50
fluoranthene -2.38 4.90 4.85 4.93 4.9 5.01 4.96 4.93 4.75 5.05
pyrene 238 5.05 5.00 5.1 4.7 5.07 4.89 5.50
benzo(a)anthracene -3.22 5.51 5.70 5.62 5.73 5.5 5.79 5.43 6.35
chrysene -3.22 5.57 5.70 5.56 5.78 5.5 5.7 5.51 5.99
benzo(b)fluoranthene -3.98 6.06 6.66 6.3 6.33 6.06 6.46
benzo(k)fluoranthene ~ -3.98 6.07 6.66 6.3 6.56 6.16 6.44
benzo(a)pyrene 3.08 5.90 6.22 6.75 6.4 6.14 6.39
dibenz(a,h)anthracene  -4.82 7.32 7.2 6.3 7.39
benzo(g,h,i)perylene -4.75 5.81 7.27 7.36 6.23 7.20
indeno(1,2,3-cd)pyrene  -4.75 6.01 7.4 7.04 6.5 7.19
a average log Kippe-w value of 13 °C and 30 °C has been used
b 15 EPA PAHSs has been used
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Table A7.107: Calculation of RMSE for selected equations from method 1 and n = 100 published data listed
in Table A7.106

No. Equations of methode 1 RMSE
equation 26 log Ky = -1.90 * log Cy,™ par* X p* p p + 2.90 0.3026
equation 27 log Ky, = -685.00 * log Cy™ pan* X p* Ty " + 2.93 0.2964
equation 28 log K;.w = 6.37E-3 * log Koy pan * MW pap * X p* p p + 1.98 0.3248
equation 29 log Kp.w = 2.26 * log Koy pan * MW pap * X ¢ p * Ty p’l + 1.98 0.3248
equation 30 log Kp.w = 0.18 * log Ko pan * 108 Kiawpan * Xcp* pp +2.28 0.5567
equation 31 log K., = 68.90 * log Koy pan * 108 Knaw pan * X p * Tmp'1 +2.36 0.3981
equation 32 log Ky = -0.26 * 1og Koy pant * 10g C*™ pan * X p* p p + 2.90 0.6548
equation 33 10g Ky = -11.50 * log Cy,"™ paps * 108 Kowpar™ * X p* p p + 2.90 0.3984
equation 34 log K, = -93.37 * log C,,*™ pan * 10g Ko par * X p * Tmp'1 +2.90 0.6311
equation 35 log K,y = -4562.02 * log C,,*™ pa * 108 Ko par” * X p* Tmp ' + 2.90 0.5357
equation 36 10g Ky = -523.44 * 1og C,*™ pa * MW pay" * X p* p p + 2.90 0.5575
equation 37 10g Ky = -1.98E+5 * 1og C\,™ pan * MW pan ' * X p* T + 2.90 0.6936
equation 38 log Ky = -0.25 * log C,,*™ pars * 108 Kngw parr * X p* p p + 2.90 0.5331
equation 39 10g Ky = -15.20 * log C,*™ paps * 108 Kigwpan - * X p* p p + 2.90 0.6332
equation 40 log Kp.y = -89.50 * log Cy,™ pan * 108 Knawpasr * X p* Trnp ' + 2.90 0.5201
equation 41 10g K. = -5521.82 * log C,™ pan * 108 Knawpar” * X p* Tmp ' + 2.90 0.6946
equation 42 log K;.w = 2.90E-3 * log Koy pan * MW pay * X * p p * dsg p’l + 1.98 0.3248
equation 43 10g Ky = 0.11 * log Koy, pars * 108 K pan* X p* P p ¥ dsop + 1.88 0.3459
equation 44 10g Ky = -0.87 * log C,,™ pan * X p* p p * dso ' + 2.95 0.2952
equation 45 log Ky = -0.15 * log Koy pan * 10g Co*™ par * X e p* p p * dso p'l +2.95 0.4197
equation 46 10g Ky = 8.89E-3 * 1og Koy pan * 108 Co™ par * X p ¥ p p *dso | + 5.37 1.0479
equation 47 10g Ky = 1.00E+6 * MW pays * log Cy™ pa * X p* p p * dsop - + 5.25 1.1740
equation 48 10g Ky = -0.12 * 10g Kiaw pan * 108 Co™™ parr* X p* pp * dso ' + 3.14 0.3800
equation 49 log Ky = 4.96 * 10g Kugy pant * 108 Co™™ pan * X p* dso p * Trnp + 1.98 0.3248
equation 50 log K;,.w = 183.99 * log Ko pan * 108 Kidw pan * X p* dso p ¥ T p'l +1.88 0.3459
equation 51 log K, = -1510.00 * log C\,*™ par* X ¢ p * dso  * Tmp'1 +2.92 0.2968
equation 52 log Ky = -235.00 * 1og Koy pan * 108 Cy™ pan * X ¢ p* dso p * Tmp'1 +2.99 0.4141
equation 53 10g Ky = 0.50E-5 * MW ppyy * log Co*™ par * X p* pp ¥ dso p ' + 5.43 1.0480
equation 54 log K.,y = 1.67E-5 * log Ko paun * MW ppn * X p* p p * Trp + 1.98 0.3248
equation 55 log K;.w = 6.14E-4 * log Koy, pan * 10g Knaw pan * X e p* P p * Tmp + 1.88 0.3459
equation 56 log Ky = 0.50E-2 * log Cy™ part * X p* P p * Tmp + 2.93 0.2964
equation 57 log Ky = -7.54E-4 * log Ko pan * 108 Co™ pan * X p* p p * Trnp + 2.92 0.4881
equation 58 log Ky = -0.70E-3 * 10§ Kugw par * 108 Cu™ part * X p* P p * Tmp + 2.90 0.4616
equation 59 log K. = 1.26E-4 * log Koy pan * MW pag * X p ¥ pp * Tmp'1 + 9.56 4.4827
equation 60 108 K.y = 91.00 * 108 Koy pars * 108 Kiw pan * X e p* P p * Tmp ' + 1.88 0.3459
equation 61 log Ky = 106.42 * log Ko pan * 10g Cv™ pan * X p* p p * Tmp'1 +3.32 0.3419
equation 62 10g K.y = 0.50E-5 * 10g Koy paps * 108 C™ pan * X p* p p * Tmp | + 5.23 1.1523
equation 63 log Ky = -89.00 * 10g Kigw pan * 108 Co™ pant * X p* p p * Ty p’l +3.43 0.3417
equation 64 10g Ky = 0.82E-2 * 10g Ky pan * 108 Co™ pas * X p* pp * dsop " + 5.38 1.0479
equation 65 log Ky = 15.19 * log Koy pan * log Cp™ oAl * X » ¥ dsop* Trp' +5.37 1.0479
equation 66 10g Ky = 0.40 * MW pay * log Gy ™ pap™ * X p* dso p * Tmp ' + 5.38 1.0480
equation 67 log Ky = 0.11 * log Kpaw part * log Cy™ pan ¥ X p ¥ dsop® Tmp'1 + 3.43 0.3417
equation 68 log Kp.w = 71.41 * log Koy pan * MWopay * X p* Vp, * Y SFE p'l +2.10 0.3220
equation 69 log Kp.w = 2641.17 * log Koy, pan * 108 Kpaw pan * X p * Vpp * 2.SFE p'l +2.01 0.3434
equation 70 10g Ky = 2.35E+4 * log C*™ pan* X p* Vp, * YSFE, ' + 2.93 0.3241
equation 71 log K, = 3500.00 * log Koy pan * 108 Cyy™ pans * X p * Vp, * SFE p’l +2.93 0.4465

equation 72 10g Ky = -1.57E+5 * log Koy pan * 10g Gy par * X p* VP, * ISFE, ' +2.93  0.6642
equation 73 log K,y = -3045.00 * 108 Ky pant * 108 Co™ pan * X p* VP, * YSFE, " + 2.94 0.4588
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Table A7.108: plastic-water partition coefficient of selected PAHs for PP, PBS and PET

Leeetal. Lonéarskiet Zhao etal. Londéarski et
(2014)*  al. 2021)° (2020) al. (2021)°
PAHSs log C,"™" log Kpp.w log Kpp.y log Kpps.w log Kpgr.w
(molm®)  (Lkgh @ kg™ (L kg™ (L kg™
naphthalene -0.01 4.18 4.39
acenaphthylene -0.78
acenaphthene -0.84
fluorene -1.23 4.16 4.55
phenanthrene -1.61 3.73 4.92
anthracene -1.61 4.05
fluoranthene -2.38 4.54 4.29 4.43
pyrene 2.38 4.55 4.27 5.04 4.95
benzo(a)anthracene -3.22
chrysene -3.22
benzo(b)fluoranthene -3.98
benzo(k)fluoranthene -3.98
benzo(a)pyrene -3.98 5.85
dibenz(a,h)anthracene  -4.82 6.76
benzo(g,h,i)perylene -4.75 6.49

indeno(1,2,3-cd)pyrene  -4.75

a converted to log Kep.w in fresh water based on the Setschenow constant from Jonker and Muijs (2010);  converted to log
Kpp.w in fresh water based on the Setschenow constant from Burant et al. (2016) and Jonker and Muijs (2010)
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