Sorption of novel side-chain fluorinated polymers
to sediment - the impact of pH

Hanna Erléus

Spring, 2022

Bachelor thesis: 30 hp

Subject area: Chemistry

School of Science and Technology, Orebro University
Supervisors: Felicia Fredriksson and Leo W.Y. Yeung
Examiner: Ingrid Ericson Jogsten



ABSTRACT

Fluorinated compounds are produced on a large scale and their releases are contaminating
the environment. Among these are side-chain fluorinated polymers found in technical
mixtures of Scotchgard™, which are used as surfactants in fabric coating. Today, the
knowledge about these Scotchgard products (Pre-2002 and Post-2002, formulations used
in Scotchgard products before and after 2002) and side-chain fluorinated polymers, in
general, are limited, and more studies need to be performed to increase the understanding
of the behaviour of the compounds and their fate in the environment. This study performed
sorption tests in liquid to sediment ratio of 100:1, with sediment from Lake Hjalmaren,
Sweden, and water spiked with Pre-2002 and Post-2002. The waters were Milli-Q water,
containing CaCly, adjusted to different pHs (range between 4.4 and 11.2) with NaOH, and
on water from Lake Hjalmaren. The solutions were shaken for 0.5, 1, 2, 4, 8, 12, 24 and
168 h. Liquid-liquid extraction with tert-butyl methyl ether (MTBE) was used to extract
the remaining target compounds in the aqueous phase and analysed using ultra-
performance liquid chromatography (UPLC). For the different pH solutions, the result
showed both Pre-2002 and Post-2002 readily sorbed to the sediment with close to 0 %
remaining in the aqueous phase after 4 hours. For the first time point, 0.5 h, more than 7 %
remained in the aqueous phase with a pH of 11.2, while under 1 % remained with a pH of
4.4 for both Pre-2002 and Post-2002, showing that the sorption capacity was dependent on
pH. In water from Lake Hjalmaren, neither of the target analytes were under the limit of
detection (LOD) until the time point of 168 h. In contrast to the result of the pH solutions,
Post-2002 were shown to be more prone to sorb to the sediment in the water from Lake
Hjalmaren than Pre-2002. This might be due to particles, ions and competing per- and
polyfluoroalkyl substances (PFAS) present in the water. However, the pH of Lake
Hjélmaren was around 5; when comparing the data, the amount sorbed, somewhat aligned
with what would be expected based on the sorption test with different pHs, indicating that
the sorption capacity might be more dependent on pH than water chemistry.

Keywords: Scotchgard™, sorption, sediment, pH, side-chain fluorinated polymer
surfactants, Lake Hjalmaren.
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Table 1. Abbreviations in alphabetical order with their definition.
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Acronym Definition
6:2 FTOH 6:2 fluorotelomer alcohol
AFFF Agueous film-forming foam
b.w. Bodyweight
C Carbon
CaCl; Calcium chloride
CEC Cation exchange capacity
CS Native standard
d.w. Dry weight
ECHA European Chemical Agency
EFSA European Food Safety Authority
EPA Environmental Protection Agency (United States)
ESI Electrospray ionisation
EU European Union
F Fluorine
FASA Fluoroalkyl sulfonamide
HCI Hydrochloric acid
IS Internal standard
K Electrical conductivity
LC Liquid chromatography
MeOH Methanol
MRM IMultiple reaction monitor
MTBE Methyl, tertiary-butyl ether
N Nitrogen
n:2 FTSA Fluorotelomer sulfonic acid
NaOH Sodium hydroxide
NHsAC Ammonium acetate
OECD Organisation for Economic Co-operation and Development
PFAA Perfluoroalkyl acids
PFAS Per- and polyfluoroalkyl substances
PFBS Perfluorobutane sulfonic acid
PFCA Perfluoroalkyl carboxylic acids
PFDA Perfluorodecanoic acid
PFHXA Perfluorohexanoic acid
PFHXS Perfluorohexane sulfonic acid
PFNA Perfluorononanoic acid
PFOA Perfluorooctanoic acid
PFOS Perfluorooctane sulfonic acid
PFSA Perfluoroalkane sulfonic acid
PP Polypropylene
PTFE Polytetrafluoroethylene
QA Quality Assurance




QC
RS
RCF
T™M
TOC
TQS-MS/MS
UNEP
UPLC

WTP

IQuality Control

IRecovery standard

Relative centrifugal force

Trademark

[Total organic carbon

Triple quadrupole mass spectrometer
United Nations Environment Programme
lUltra-performance liquid chromatography
[Wastewater treatment plant




1. INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) have been produced on a large scale since the
1950s (3M, 2022; Kissa, 2001). In 2018, Organization for Economic Co-operation and
Development (OECD) and United Nations Environment Programme (UNEP) published a
list containing over 4700 PFAS that have been or are on the global market (EPA, 2021;
Wang et al., 2021). The definition of PFAS has been revised over time, the current
definition is that the compound must have at least one perfluorinated methyl (-CFz) or
methylene carbon (-CnF2n-) (OECD, 2021). These compounds can be used in many
applications since they are both lipo- and hydrophobic (Cheremisinoff, 2017), which is
useful in for example non-stick coatings, stain repellents and textile coatings (OECD,
2002; Wang et al., 2009). Some of the most common products that use PFAS are the
trademark (™) Teflon, which is a polymer called polytetrafluoroethylene (PTFE)
(Venkatesh et al., 2022); aqueous film-forming foam (AFFF), where PFAS is used to
increase the spread of the foam on the water of water-air interfaces (Houtz et al., 2013;
KEMI, 2015a); and Scotchgard™, where PFAS is used for fabric coating (Renfrew and
Pearson, 2021; Vend| et al., 2022). For the Scotchgard™ products, the active ingredient
has been reported to be side-chain fluorinated polymers (Chu and Letcher, 2017).
However, the knowledge of the behaviour of side-chain fluorinated polymers in the
environment is limited (Chu and Letcher, 2017). In a study reported in 2017, the
fluorinated compounds found in Scotchgard™ technical mixtures were found in
agricultural soil and aquatic sediment (Chu and Letcher, 2017). The fluorinated
compounds were also detected in the bio-soils from twenty different wastewater treatment
plants (WWTPs), with concentrations as high as 2000 ng/g dry weight (d.w.) (Letcher et
al., 2020). However, the research regarding these fluorinated compounds is limited. Since
the compounds are present in the environment, it is important to understand the behaviour
of the compounds such as the fate in the environment and how that is affected by different
factors. It has been demonstrated in the studies mentioned, as well as in a study by
Fredriksson et al., (2022), that these fluorinated compounds are prone to sorb to sediment
and soils, it has however not been investigated how the sorption capacity is affected by
pH.

Since the year 2000, the 3M company, the producer of Scotchgard (Chu and Letcher,
2014), started phasing out long-chain PFAS and introduced short-chain ones instead
(Cousins et al., 2020). The structures of Scotchgard™, both before 2002 and after 2002
(hereafter referred to as Pre-2002 and Post-2002) are covered by trade secrets. The
compounds contain C8 fluorinated side-chain, respectively C4 fluorinated side-chain (Chu
and Letcher, 2014). The elemental formula of Pre-2002 was recently determined to be
CasHa2sF34N40gS2, and a structure was suggested as well, as can be seen in Figure 2
(Fredriksson et al., 2022). No determination of Post-2002 has yet been made. The
knowledge about the behaviour is still limited. Since there is no proposed structure for
Post-2002, generalisation of the behaviour in the environment based on the structure
cannot be made.

PFAS are extremely stable and persistent in the environment (Glenn et al., 2021). It has
been shown that exposure to PFAS could increase the risk of cancer (Omoike et al., 2021;
Tsai et al., 2020), as well as result in a negative effect on the immune system (Averina et
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al., 2019; Goudarzi et al., 2017). The most common pathway of exposure to PFAS is
through intake of dietary sources and drinking water (Ericson et al., 2008; Hu et al., 2016).
Groundwater is an important source of drinking water. Understanding of the factors
affecting the sorption of these compounds is important to protect sources of drinking
water.

The sorption behaviour of organic compounds onto sediment is affected by the properties
of both the media and the compounds. Sorption is a generic term for adsorption, absorption
and/or both (Moo-Young, 2011); and this phenomenon depends on hydrophobic and
electrostatic interactions (Bolan et al., 2021; Johnson et al., 2007). Long-chain PFAS tend
to sorb more strongly to particles than short-chain PFAS (Bolan et al., 2021; Sima and
Jaffé, 2021; Sérengard et al., 2020a). Several physicochemical parameters affect the
sorption to sediment, for example, pH (Darlington et al., 2018; Qian et al., 2018),
oxic/anoxic condition, ionic strength, and organic compounds (Qian et al., 2018). The pH
of the media, for example, tend to increase the efficiency of the sorption at lower pH
(Darlington et al., 2018). The ionic strength of the solution could also affect the sorption
by competing for ion-exchange sites (Cai et al., 2022). These facts motivate the
importance of investigating how the sorption of both these fluorinated polymers produced
before 2002 and after 2002 are affected by the pH of the environment.

1.2. Aim

The overall goal of this study was to increase the understanding of the sorption behaviour
of the fluorinated compound used in Scotchgard™ products to sediment, specifically for
both before and after 2002 products (Pre-2002 and Post-2002). This was carried out by
investigating the effect of pH on their sorption capacity, as well as in close to real-life
conditions, by using freshwater from Lake Hjalmaren. The outcome of this study will give
insights into the environmental fate of these compounds when they are released into the
environment.

The objectives to reach the aim of the study include:

e To investigate how readily the compounds sorb to sediment by having multiple
time points, namely 0.5, 1, 2, 4, 8, 12, 24 and 168 h, during the sorption
experiment.

e To study how pH affects sorption by conducting sorption experiments at different
pH conditions. The pH was in the range of 4 and 11.

e To understand any different sorption behaviour by conducting the sorption
experiment with water from a lake to simulate real-life media.

e To investigate if the compounds sorb to the walls of the PP tubes, to exclude other
possibilities than those in the sorption experiment.



2. THEORETICAL BACKGROUND

2.1. Per- and polyfluoroalkyl substances (PFAS)

There are different types of PFAS, depending on the number of fluorinated carbons. When
the compound has a fully fluorinated carbon chain it is defined as perfluoroalkyl, while for
polyfluoroalkyl, the carbon chain is partly fluorinated (Glenn et al., 2021), as seen in
Figure 1.

Perfluorinated Polyfluorinated
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Figure 1. Examples of a perfluorinated compound and a polyfluorinated compound. From
the left, perfluorohexanoic acid (PFHxA) and 6:2 fluorotelomer alcohol (6:2 FTOH). The
figure is obtained from (KEMI, 2021).

The PFAS family is divided into two primary classes: non-polymers and polymers
(OECD, 2021). Non-polymers are defined as carbon chains that are either fully or partially
fluorinated, usually bound to a functional group (KEMI, 2015a). Polymers are molecules
that contain monomers in a repeating pattern (ITRC, 2020). Fluorinated polymers are
divided into three subgroups; side-chain fluorinated polymers, fluoropolymers and
perfluoropolyethers (Buck et al., 2011). Side-chain fluorinated polymers contain side-
chains that are polyfluorinated, and/or possibly perfluorinated (KEMI, 2015a). Not a lot of
research has focused on side-chain fluorinated polymers, for which the structure, origin,
properties, occurrence and behaviour are scarce (Banzhaf et al., 2017; Chu and Letcher,
2017).

There are several subgroups of PFAS, for instance, linear or branched PFAS (Buck et al.,
2011). Another subgroup is long-chain or short-chain PFAS. For example, long-chain
perfluoroalkyl carboxylic acids (PFCAS) consist of 8 or more carbons while
perfluoroalkane sulfonates (PFSA) consist of 6 or more carbons (Buck et al., 2011). In this
report, when general PFAS is referred to as being long-chain, they consist of 8 carbons or
more. PFAS have several desirable properties such as lipo- and hydrophobicity (KEMI,
2015a; Strakova et al., 2020; Wang et al., 2009), which can be utilised in a variety of
industries and commercial products (KEMI, 2015b; Wang et al., 2017). The properties of
lipo- and hydrophobicity are due to PFAS typically having a more hydrophilic polar part
and a more hydrophobic moiety (OECD, 2020). However, it does also depend on the type
of PFAS as well as the length of the chain (OECD, 2020).

PFAS is for example used in food packages, cosmetics, sunscreens, papers, cleaning
products, water- and rain gear, stain-resisting textiles, and oil production (Banzhaf et al.,
2017; Dinsmore, 2020; Fujii et al., 2013; KEMI, 2015a; OECD, 2020; Strakova et al.,
2020; Wang et al., 2017; Xiao et al., 2012). According to The Swedish Chemicals Agency,
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a few of the occurrences of PFAS in Sweden are in food, clothes, paints, ski wax, makeup,
sunscreen, paper etc. (Banzhaf et al., 2017).

Because of the fluorinated carbon chain, they are chemically and physically stable, making
them useful in several applications (Chu and Letcher, 2017). However, these give also
negative environmental effect since the stability make them persistent in the environment
(Chu and Letcher, 2017; Vendl et al., 2022). This is due to fluorine (F) having a strong
electronegativity, as well as a small atomic radius (Wang et al., 2017), which creates
strong covalent bonds to carbon (C) (Glenn et al., 2021; Sima and Jaffé, 2021). Because of
their persistence, PFAS can travel long distances to remote places (Wang et al., 2017).
This results in the production of PFAS not only impacting the nearby area but also
globally (Wang et al., 2017). The compounds are not only being released from direct
sources, which is the emission of PFAS during the production cycle, including the usage
and disposal of the product (Buck et al., 2011), but also from indirect sources where a
precursor has been degraded to a persistent PFAS (Buck et al., 2011; Chu and Letcher,
2017). PFAS, from different classes, have been detected in several matrices, for example,
sediment, water (Lam et al., 2014), soil (Scher et al., 2018), snow (Bjdérnsdotter et al.,
2021), wildlife (Lam et al., 2014; Rotander et al., 2012) and humans (Aro et al., 2021).
PFAS have been detected in 99 % of the population in the United States of America (USA)
(Calafat et al., 2007), and that value is estimated to be similar in other parts of the world as
well (Dinsmore, 2020). Perfluorinated acids have shown to be bioaccumulative in wildlife
and humans as well as being hazardous to human health (Lau et al., 2007; Martin et al.,
2003).

In 2018, OECD and UNEP summarised a list of more than 4700 PFAS that either were
known to be or are likely to be on the global market (EPA, 2021; Wang et al., 2021). The
actual number has today increased since new PFAS are continuously being introduced to
the market (Wang et al., 2017), and due to the new PFAS definition includes more
compounds than previously (Wang et al., 2021). The exact number is not known, however,
USA’s environmental protection agency (EPA) have a PFAS master list that currently
contain over 12000 chemicals (EPA, 2021). The uncertain number is partially due to the
industries in the European Union (EU) not needing to report what PFAS are being used, as
long as they are used in low concentrations, which is likely to be the case in many cases
due to their potency (KEMI, 2015b).

2.2. Regulations of PFAS

The regulations for PFAS are made individually, which is a reason for industries being
able to continue to use and produce these products and chemicals (Cousins et al., 2020).
Besides that, industries and companies that use amounts below 100 tons/year of a chemical
are not obligated to report the compounds that are being used, which also makes the
process of regulation difficult (KEMI, 2015b). It is suggested by scientists that the
regulations should not be for individual PFAS but instead regard all compounds that are
included in the PFAS definition (Cousins et al., 2020).

REACH is a regulation of chemicals that focuses on giving the industries the responsibility
regarding the risk of chemicals in order to protect human health and the environment
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(European Commission, n.d.). PFAS, like perfluorobutane sulfonic acid (PFBS),
perfluorohexane sulfonic acid (PFHxS) and perfluorodecanoic acid (PFDA) are currently
being considered to be restricted under the REACH regulation to further regulate PFAS
(ECHA, 2022a). Additionally, a new proposal for the REACH regulation is currently
being suggested, which would include the ban for up to 12 000 substances, including a
large number of PFAS. The list is continuously being revised before being finalized in
2027 (Neslen, 2022).

A restriction proposal for all PFAS in Europe is to be submitted in January 2023 to the
European Chemical Agency (ECHA) by five countries, The Netherlands, Germany,
Denmark, Sweden, and Norway (ECHA, 2022b). A restriction of all PFAS would possibly
also include the compounds used in Scotchgard™,

As of today, perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) are
the only PFAS listed under the Stockholm Convention (Stockholm Convention, 2019a).
PFOS is listed under Annex B as Persistent Organic Chemicals (Stockholm Convention,
2019a), where it has restricted usage (Wang et al., 2009). PFOA is listed under Annex A
(Stockholm Convention, 2019b), which lists compounds that are to be eliminated (Wang et
al., 2009). Additionally, PFHxS and long-chain perfluorocarboxylic acids are being
proposed for listing under the Convention (Stockholm Convention, 2019c).

In 2020, the European Food Safety Authority (EFSA) suggested that the limit for PFAS
intake, without risking health effects, is 4.4 ng per kg bodyweight (b.w.)
(Livsmedelsverket, 2022a). The new limit was a huge decrease from the previous
guideline from 2008 (Livsmedelsverket, 2022a), which for PFOS and PFOA was 150 and
1500 ng/kg b.w. respectively (EFSA, 2008). The new guideline also includes that action
should be made if there is a suspicion of elevated amounts of PFAS in the drinking water,
but does not include a specific limit for drinking water (Livsmedelsverket, 2022a).
Individual countries, including Sweden, have instead introduced individual guidelines for
water limits to minimise PFAS exposure (Banzhaf et al., 2017). The Swedish Food
Agency have recently recommended a new limit of 4 ng/L for PFOA, PFOS, PFNA and
PFHXS (Livsmedelsverket, 2022b).

2.3. Potential health effects

A part of the concern of possible health issues started when PFOS was detected in the
blood of polar bears in the Arctics at the beginning of the 2000s (Banzhaf et al., 2017;
Bytingsvik et al., 2012). Now it is believed that long-time exposure could lead to an
increased risk of several health issues (KEMI, 2015b). In human studies, it is indicated that
exposure can cause cancer (Omoike et al., 2021; Tsai et al., 2020), weaken the immune
system (Averina et al., 2019; Goudarzi et al., 2017) and premature menopause (Ding et al.,
2020) etc. The health risk suggestion is consistent with animal studies (ATSDR, 2021). It
has also been shown that it can have a toxic effect (Naidu et al., 2020) as well as decrease
the length and weight of children (Bjerregaard et al., 2019). The harmful effects can occur
in low doses of PFAS (Pelch et al., 2021). The studies are, however, mainly based on
PFOS, PFOA, PFHXS and perfluorononanoic acid (PFNA), whereas other PFAS only have
little information on the matter (ATSDR, 2021).
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One of the main intake of exposure to PFAS are dietary sources (Ericson et al., 2008; Hu
et al., 2016), where major sources include the intake of meat, egg (Vestergren et al., 2012)
and seafood (Sunderland et al., 2019; Vestergren et al., 2012). Other possible exposure
pathways are inhalation of indoor air as well as contact with other contaminated mediums
(Sunderland et al., 2019).

2.4. Scotchgard™

The 3M company has been producing fabric protectors with the trademark Scotchgard.
Between 2000 and 2002, the 3M company made a voluntary phase-out of their C8
products, which later would be defined as long-chain fluorinated carbons (Cousins et al.,
2020; Stockholm Convention, 2019d). Many industries, including the 3M company,
replaced the compounds in their products with short-chain PFAAs and other fluorinated
compounds that also would fulfil the properties they required (Banzhaf et al., 2017; Chu
and Letcher, 2014; KEMI, 2015a; Wang et al., 2017). Because of the phase-out, it is of
interest to study the fluorinated compounds used in Scotchgard™ from both before and
after 2002.

Scotchgard™ is suspected to contain side-chain fluorinated polymer surfactants (Chu and
Letcher, 2017). The components and structure of the chemicals used are trade
secrets(Fredriksson et al., 2020). The compounds have, however, been identified. Chu and
Letcher (2014) have reported the side-chains of Pre-2002 as N-ethyl-perfluorooctane
sulfonamide (EtFOSA, CgF17SO2N(C2Hs)-) and Post-2002 as N-methyl-perfluorobutane
sulfonamide (MeFBSA, C4FsSO2N(CHz3)-). The compound (Pre-2002) used in the
Scotchgard products before 2002 have been determined with a 0.1 ppm mass error by
Fredriksson et al., (2022), the molecular formula was revealed to be C3z3H2sF3aN40sS2. The
structure has also been proposed in the same study, as can be seen in Figure 2.

Figure 2. The proposed structure of Pre-2002 was obtained from (Fredriksson et al.,
2022).
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In a study investigating the Scotchgard™ fluorinated compounds in aquatic sediment and
agricultural soils in North America, Pre-2002 was detected in all sediment samples and
soil samples, while Post-2002 was detected in 80 % of the sediment samples (Chu and
Letcher, 2017). In an additional study, bio-soils from WWTPs in Canada were
investigated, where both Pre-2002 and Post-2002 were detected in various concentrations
at all twenty WWTPs (Letcher et al., 2020). Notable in the study was that the
concentrations of Pre-2002 and Post-2002 were higher than the sum concentrations of 22
other PFAS (Letcher et al., 2020), considering the high concentrations of Pre-2002 and
Post-2002, further studies are encouraged.

A recent study showed that both Pre-2002 and Post-2002 readily sorb to sediment, with
only 1.3 % and 1.8 % respectively detected in the aqueous phase after 0.5 hours
(Fredriksson et al., 2022). The recent study did not consider how other physicochemical
parameters can affect the sorption capacity of these compounds. Little is known about
these compounds; both regards sources, occurrence, properties, and environmental
behaviour.

2.5. Sorption to sediment

Sorption is when there is an electrostatic and/or hydrophobic interaction between a
compound and surfaces of organic matter or a charged matrix (Bolan et al., 2021; Johnson
et al., 2007). When sorbed, the compound is restrained from its bioavailable, water-
dissolved phase (Moo-Young, 2011), as well as their transport. In general, long-chain
PFAS sorb more to sediment and soil than short-chain PFAS (Bolan et al., 2021; Sima and
Jaffé, 2021; Sérengard et al., 2020a). Long-chain PFAS tend to sorb with hydrophobic
attraction, while short-chain PFAS tend to sorb with polar-polar interaction (Bolan et al.,
2021).

The properties of a compound determine its fate in the environment. It affects if, for
example, the compound will sorb to organic material in the soil or if it is more prone to
dissolve in the aqueous phase (Schwarzenbach et al., 2016). Sorption does not only depend
on the properties of the compound, but also on the properties of the environment. Sorption
of PFAS, for example, highly depends on pH (Bolan et al., 2021; Brusseau, 2018;
Darlington et al., 2018; Sérengard et al., 2020b).

pH will change the charge of the organic matter surface due to the sorbent changes being
pH-dependent (Higgins and Luthy, 2006; Kwadijk et al., 2013). A change in pH also
affects the charge of the compound itself, through protonation and deprotonation (Higgins
and Luthy, 2006). In a more acidic environment, the surface of the sorbent tends to be
more positively charged (Li and Zhang, 2014). Most PFAS behave like an anionic
compound in the environment (Wu et al., 2020), which results in them generally increasing
their sorption to sediment and soil when the pH is decreased (Campos Pereira et al., 2018;
Darlington et al., 2018; Sima and Jaffé, 2021; Zhi and Liu, 2019).

2.6. Waters in Sweden

A study measuring the pH of 50 different lakes in the northern parts of Sweden showed pH
values between 5 and 8 (Roseacute;n et al., 2000). It is also reported that the pH of
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Swedish waters can vary from 4 to 9, with a median pH value of 6.7 (Sveriges vattenmiljo,
2021). In a study conducted by Johnson, 16 smaller lakes in the south of Sweden were
investigated and showed a pH range of 4.5-6.4 (Johnson, 1998). A study performed
between June and September the years 2013-2016 showed that Lake Hjalmaren, a
freshwater lake located east of Orebro, Sweden, had a mean pH of 8 (Lansstyrelsen Orebro
Léan, 2018).

Lakes that are considered too acidic, which can result in the death of both animals and
plants (Lansstyrelsen i Stockholms lan, 2005), are being treated with lime to get a pH over
6 (Hu and Huser, 2014). A reason for the decrease in pH is due to the carbon dioxide
emissions that humans are causing (Sveriges vattenmiljo, 2021). Knowledge about the pH
of natural waters is important since that affects the fate of fluorinated compounds in nature
(Higgins and Luthy, 2006).

3. MATERIALS AND METHODS

3.1. Sample information and sample collection

All samples (sediment and water) used for the sorption experiments were collected from a
freshwater lake in Sweden (Lake Hjalmaren). Lake Hjalmaren (59.3°N, 15.4°E) is located
east of Orebro. The sediment core that is used for the sorption experiments was sampled at
a depth of deeper than 20 cm. Further description of the sediment is available in ‘3.4.
Sediment characterisation’.

The water sample was collected from Lake Hjalmaren nine days before the experiment. A
pre-cleaned high-density polyethylene bottle was used to collect the water. Briefly, the
container was rinsed three times with water from Lake Hjalmaren before sampling by
lowering the container to a depth of 5-10 cm with the opening parallel to the surface. Both
the sediment and water sample were stored at 8 degrees Celsius before analysis.

3.2. Analytes and chemicals

For the target analytes in this experiment, both Pre-2002 and Post-2002, formulations used
in commercial Scotchgard™ products produced by 3M company, were studied. The
formulation used for both Pre-2002 and Post-2002 was a Technical mixture with a
concentration of 1000 pg/mL in methanol (MeOH). The mixtures were purchased from
AccuStandard Inc. (USA). Analytical native standards and mass-labelled standards of
different PFAS (e.g., PFCAs, PFSAs, fluoroalkyl sulfonamides (FASA), fluorotelomer
sulfonic acids (n:2 FTSAS) etc.) were from Wellington Labs (Canada).

The Milli-Q water used (18.2 MQ) was from Orebro University’s Millipore system.
Sodium hydroxide (NaOH, >99%) and hexane (for gas chromatography ECD and FID)
were from Sigma-Aldrich (Germany). Hydrochloric acid (HCI, 37 %) was obtained from
Scharlau (Spain). MeOH of HPLC grade (>99.8 %) and LC grade (>99.9 %) were from
Fisher Scientific (Trinidad and Tobago). Acetonitrile of HPLC grade (>99.9 %) was from
Fisher Scientific (China). 2-propanol of LC/MS grade was from Fisher Scientific (The
Netherlands). Tert-butyl methyl ether (MTBE) of HPLC grade (>99.8%) was obtained
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from Sigma-Aldrich (France). Ammonium acetate (NHsAc, eluent additive for LC/MS)
was from Sigma-Aldrich (USA). Calcium chloride (CaCl>, reagent grade) was obtained
from Scharlau (Spain).

3.3. Preparation of sediment and water

Before the sorption experiment, the sediment sample was air-dried, sieved (2 mm)
(Endecotts Ltd., England) and homogenised, following the OECD Test No. 106 (OECD,
2000). Sieving reduces any coarse fragments present in the sediment sample (Pan et al.,
2009), which creates a more even particle-size distribution between the samples.

Before using the water for the sorption test, larger particles were removed from the water.
All the sampled water was filtered through a pre-burnt 150 mm Whatman GF/B filter
(Cytiva, USA) with a pore size of 1.0 um.

3.4. Sediment characterisation

Characteristics of sediment including electrical conductivity (x), pH, loss of ignition (LOI)
and cation exchange capacity (CEC) are provided in Table 2. The k and pH were
determined by shaking 1 g wet sediment with 15 mL Milli-Q water and were performed in
triplicates. Possible leaching from the sediment could be indicated with k.

For more information and description of the sediment are described elsewhere
(Fredriksson et al., 2022).

Table 2. Different parameters and characteristics of the sediment used in the sorption test.
The mean and standard deviation of electrical conductivity and pH are calculated from
Table A5 in Appendix A.

Characterisation Lake Hjalmaren sediment
Mean electrical conductivity (uS/cm) 34.0

Standard deviation electrical 4.31
conductivity (uS/cm)

Mean pH 4.59

Standard deviation pH 0.0300

Loss of ignition® 11.0%
Dissolved cations?® 116 + 25.1 umol/g
Exchangeable cations? 37.9 £4.78 umol/g
Carbonate bonded cations®? 17.3 £ 1.42 umol/g

2 Information obtained from Fredriksson et al., 2022.
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3.5. Sorption test

The sorption experiments were carried out in 15 mL polypropylene (PP) tubes (Sarstedt
Ag & Co., Germany). The experiment was conducted with approximately 0.1 g of the
dried sediment and a 10 mL Milli-Q solution containing 0.5 mmol/L of CaCl; (Pan et al.,
2009). The CaCl: is used as an electrolyte to decrease cation exchange and enhance the
separation when centrifuged (OECD, 2000; Tao et al., 2006). Before spiking the samples
with the respective target analytes (Pre-2002 or Post-2002), the Milli-Q solution was
equilibrated with the sediment for 24 hours. The solution and sediment were equilibrated
to reach a somewhat stable pH before the addition of target analytes. Further, 1000 ng of
Pre-2002 and Post-2002 was added to separate sample tubes. The 15 mL PP tubes
including the sediment, aqueous phase and target analytes were then shaken for 0.5, 1, 2,
4,8, 12, 24 and 168 h on an overhead shaker (Heidolph of the model Reax 2) at room
temperature, following a similar procedure as described in a previous study (Pan et al.,
2009). After the sorption test, the PP tubes were centrifuged (Sigma 3-16L, Germany) for
10 minutes at 8000 relative centrifugal force (RCF), also referred to as ‘g’. 5 mL of the
aqueous phase was transferred to a new PP tube and extracted for the Scotchgard
compounds. A smaller volume (4 mL) of the aqueous phase was transferred to an
additional 15 mL PP tube for measurement of k (SensION EC7) and pH (Metrohm Q 744
pH meter with a Metrohm Aquatrode Plus electrode). All experiments and time points
were conducted in duplicates.

In order to investigate the impact of pH, three Milli-Q solutions with 0.5 mmol/L of CaCly,
adjusted with NaOH, were used in addition to the non-adjusted Milli-Q water with CaCl»
(hereafter both pH adjusted, and non-adjusted solutions will be referred to as Milli-Q
solutions). The solutions were adjusted to pH 9, 10.5 and 11.5 (Zhao et al., 2014). The pH
of the solutions was chosen based on the pH-range of waters in Sweden, as well as an
alkaline pH to investigate a larger range of pHs. The sediment lowered the pH of the
solutions, therefore, the solutions needed to be adjusted to a higher pH than the target pH.
The pH of the solutions after equilibration is noted down in Table C1 in the Appendix C.

3.6. Sorption test of water from Lake Hjalmaren

A further sorption experiment was conducted on water from Lake Hjalmaren. It was
performed according to the description in ‘3.5. Sorption test’, with the exception that the
pH was not adjusted and that CaCl, was not added since the water is expected to naturally
contain electrolytes.

3.7. Extraction method

Liquid-liquid extraction was performed in 50 mL PP tubes (Falcon) containing the
aqueous phase from the sorption test by using MTBE (methyl, tertiary-butyl ether)
(Fredriksson et al., 2022). Before extracting the aqueous phase, the samples were ultra-
sonicated (Bandelin Sonorex Digitec) to avoid the target analytes sorbed to the surface of
the PP tube walls. In brief, MTBE was added onto the aqueous phase. Different amounts
of MTBE were used for three extraction rounds (20 mL in the first round and 15 mL in the
second and third rounds), the solution was vortexed (Lab Reax 2000, KEBO) for
approximately 20 seconds, shaken for 15 minutes on an orbital shaker (YellowLine OS 2
basic, IKA) and centrifuged (Eppendorf® Centrifuge 5804) at 6000 g for 10 minutes. The
organic phase was then transferred to a 15 mL PP tube. The organic phases from the three
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rounds were combined and evaporated (Thermo Scientific™ Reacti-Vap™ III Evaporator
#TS-18826) gently under nitrogen gas to dryness and reconstituted with 0.5 mL MeOH.
The extract was transferred into LC vials, the PP tubes were cleaned with MeOH several
times to avoid losing any target analytes stuck to the surface of the tube, which also was
transferred to the vials. The extract was evaporated gently under nitrogen to a final volume
of 0.5 mL.

3.8. Instrumental analysis

The instrumental analysis was carried out using ultra-performance liquid chromatography
(UPLC) coupled to a triple quadrupole mass spectrometer (Xevo TQS-MS/MS) from
Waters (USA), with a C18 BEH column (2.1 x 100 mm, 1.7 um). The injection volume
was 10 pL. The mobile phases used for the analysis were mobile phase A containing

2 mmol/L NHsAc in 70:30 Milli-Q:MeOH, and mobile phase B containing 2 mmol/L
NHsAc in MeOH. For ionisation, negative electrospray ionisation (ESI) was used. The
analysis was carried out in multiple reaction monitor (MRM) mode. During the analysis,
instrumental blanks were continuously performed to ensure and investigate any
contamination or carryover. The parameters used can be found in Table Al and the
method can be found in Table A2 in the Appendix A.

3.9. Quality Assurance and Quality Control

To ensure the quality of the experiment, several measures have been taken. No fluorinated
materials were used to avoid contamination. To control how much of the target analytes
sorbed to the container or underwent degradation, parallel controls were performed
containing only the solution and the target analytes. Extraction was performed in PP tubes
that previously contained the aqueous phase to confirm the target analytes were not
sorbing to the PP tube during the experiment. Parallel procedure blanks containing the
sediment and aqueous phase without the target analytes were also performed to consider
any other contamination.

In order to minimise contamination, all PP tubes and Pasteur pipettes (Fisher Scientific)
were washed three times with MeOH before usage. The glassware used was pre-burnt.
When weighing (XP 405A-FR, Precisa) the sediment, the weight was adjusted with a
difference of no greater than £+ 0.0005 g.

All the samples and blanks were performed in duplicates to assure quality and to validate
the data obtained during the experiment. In addition, sorption blanks containing the target
analytes without the sediment was used. When analysing for contamination from other
PFAS, internal standards (IS) and recovery standards (RS) were used in order to assure the
precision and accuracy of the result.

To determine the instrumental limit of detection (LOD) of Pre-2002 and Post-2002, a
calibration curve of 11 points in the range of 2.5 ng/mL for Post-2002 and 5 ng/mL for
Pre-2002 to 2000 ng/mL for both was performed. The calibration curves had an R? value
of >0.998 and resulted in a LOD of 5 ng/mL and 2.5 ng/mL for Pre-2002 and Post-2002.
The lowest point in the calibration curve showed a signal-to-noise greater than three and
was used as LOD. When analysing the data, values under LOD have been marked by
unfilled points in the graphs.
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The extraction method was developed and optimised in triplicates (see ‘4.1. Method
development and optimisation’) before performing the sorption test. The recovery was
calculated by dividing the amount present in the samples by the amount target analytes
spiked in the sample before the extraction and multiplying it with 100 to obtain the
percentage.

Before using CaCl» in the samples, possible contamination of the target analytes was
investigated. The extraction was performed in duplicates and as described in ‘3.7.
Extraction method’. The difference from the description was that the salt, in a 10 x weight
of the needed amount for the sorption test, was added first, before adding IS and Milli-Q
water. No contamination was observed.

4. RESULTS AND DISCUSSION

4.1. Method development and optimisation

Several spiked tests were conducted to provide the best extraction efficiency of the two
target analytes (Pre-2002 and Post-2002). Different parameters that could impact the
extraction efficiency were investigated which included 1) filtration step to evaluate if there
would be any loss during this step; 2) any loss of target compounds due to sorption of the
target compounds onto the PP tube during the sorption experiment; 3) presences of
methanol content in the aqueous phase would improve extraction efficiency; 4) effect of
pH on extraction of target compound; and 5) any loss of target compounds when
prolonged time of the sorption experiment. The recovery for Pre-2002 and Post-2002 of
the extraction procedure is described in section ‘3.7. Extraction method’ and was 66 + 2.5
% and 52 £ 7.2 %, respectively (see Table B1 in Appendix B).

4.1.1. Filtration of the aqueous phase and sorption of the target analytes on the PP tube
walls

The sorption kinetics of the Pre-2002 and Post-2002 were obtained by determining the
levels of the target analytes in the aqueous phase after the sorption experiment. In order to
make sure that the levels of target compounds corresponded to the levels in the aqueous
phase and not any sediment particles, the initial idea was to filter the aqueous phase after
the sorption experiment. Two filters (GHP and PVDF) were tested, 15 mL Milli-Q water
in 50 mL PP tubes were spiked with 1000 ng Pre-2002 or Post-2002; the spiked aqueous
phase was filtered and transferred to a new PP tube and thereby extracted. Low recoveries
for Pre-2002 (3 % for GHP filter, 50 % for PVDF filter) and Post-2002 (11 % for GHP
filter and 8 % for PVDF filter) were observed. Based on the results, none of the two filters
was suitable for these two compounds, and therefore excluded from the procedure. Instead,
only centrifugation was used to avoid small particles in the aqueous phase when it was
transferred.

There might be a chance of the target compounds sorb to the wall of the PP tube during the
sorption experiment. This factor was further investigated by performing extraction on
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tubes that previously contained the aqueous phase with the target analyte. The experiment

was performed in duplicates. The amount of the remaining target analytes was considered

low (Pre-2002: 5.9 % and Post-2002: 1.6 %) and it was concluded that no notable amounts
of the target analytes were lost to the surface of the PP tubes. More detailed results can be

found in Table B2 in the Appendix B.

4.1.2. Methanol content in the aqueous phase

The organic content in the water phase may affect the extraction of the target analytes (Yu
et al., 2012). Both Pre-2002 and Post-2002 are large molecules (m/z 1315.05 and m/z
1637.28, respectively), therefore, both compounds may be prone to sorb more to the walls
of the tubes when only Milli-Q water is present. It was therefore explored whether
different percentages, namely 1 %, 5 %, 10 % and 20 %, of MeOH would increase the
recoveries during the extraction method. Pre-2002 had a difference of 12 % between the
different proportions of MeOH content; however, these results were still in the same range
as without the addition of MeOH. For Post-2002, the differences were 5 % with and
without any addition of different amounts of MeOH. No relationship between higher
organic content and higher extraction efficiency was seen for any of the compounds. All
recoveries are found in the Appendix B, Table B3.

4.1.3. Effect of pH on extraction efficiency

Further investigation into how the recovery of the extraction method was affected by
different pHs was performed. It was chosen to include a neutral solution, one with lower
pH (3.5) adjusted with HCI and one with higher pH (9) adjusted with NaOH. Pre-2002
showed a result of 66 * 2.5 % for the non-adjusted pH, 56 = 5.4 % for pH 3.5 and 54 £ 3.9
% for pH 9. Post-2002 had a result of 52 + 7.2 % for the no adjust pH, 52 + 1.1 % for low
pH and 51 + 2.4 % for high pH. When performing ANOVA test, the null hypothesis was
rejected for Pre-2002 but not for Post-2002 (Tables B7 and B8). It was however still
concluded that the pH of the aqueous phase did not need to be adjusted before extracting
the target analytes. More of the result can be seen in Table B3 in Appendix B.

4.1.4. Effect of duration of sorption experiment due to sorption to the wall of PP tube

When performing the sorption test, the samples would be shaken for different periods of
time and all samples could not be extracted directly afterwards. Therefore, it was of
importance to investigate whether time would have a negative impact on the recovery of
the target analytes due to degradation or losses to the surface of the PP tubes. Two sets of
triplicates were spiked with the target analytes, one set was extracted the same day while
one set was extracted three days later. Pre-2002 showed a recovery of 74 + 10 % for ‘Day
1’ and 69 £ 5.3 % for ‘Day 4’ and Post-2002 had recoveries of 52 + 6.5 % and 52 £ 1.5 %
respectively. No significant difference was observed between the variables (p>0.05),
which conclude that the target analytes do not sorb more to the walls of the PP tubes over
time. The results can be found in Table B6 in Appendix B.
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4.1.5. Investigation of possible hydrolysis

To ensure that it is possible to assume that the target analytes sorbed to the sediment when
not present in the aqueous phase, possible hydrolysis of the compounds was explored. It is
important to eliminate that possibility since hydrolysis depends, among other parameters,
on pH (Katyal and Morrison, 2007). Spiked solutions without sediment at different pHs
were shaken for 7 days and thereafter extracted. The result showed no loss of target
compounds which suggested no evidence of hydrolysis of the compounds. More
information can be found in Appendix A, Table A4.

4.2. Sorption test

4.2.1. The impact of duration

Graph 1 shows the sorption test without pH adjustment. The pH and k were measured after
the samples were shaken and showed a mean pH of 4.5 + 0.9 and a mean « of 169 + 14
pS/cm, the values for all the individual samples can be found in Table C1 in Appendix C.
The scale on the y-axis in Graph 1 is in per cent (%) of compound that remained in the
aqueous phase after the sorption test compared to the spiked amount. All the values have
been recovery corrected against the recoveries obtained from samples spiked during the
respective extraction.

For Pre-2002, the target analyte was under LOD after one hour (Graph 1). A decrease
between hour one and hour two can be seen, but both values were under LOD. After 7
days (168 h), no differences in levels in the aqueous phase (<LOD) were observed,
meaning Pre-2002 remained sorbed to the sediment after a longer period of time.

Post-2002, however, showed values under LOD for the four time points (0.5, 1, 2, 168 h).
An increase of Post-2002 in the aqueous phase between the third and the fourth time points
(i.e., 2 h and 7 days) were observed. The increase, however, was questioned since one of
the duplicates (2.3 ng) is more than twice as high as the other (0.9 ng) (Table C2 in
Appendix C). On the other hand, the result from the spike tests of the extraction method
has varied and could therefore be the reason for the variation between these duplicates.
The results are tentative since the values are under the instrumental LOD and might
therefore not be accurate. However, it can still be concluded that the analytes are readily
sorbed to the sediment.

It is not unexpected that both Pre-2002 and Post-2002 are shown to be more prone to sorb
to sediment than remaining in the aqueous phase. As stated previously, the identified
fragment structures of the compounds are believed to be quite hydrophobic. The trend of
Graph 1 shows similarities to a previous study by Fredriksson et al., (2022), where Pre-
2002 sorbed more to the sediment than Post-2002 for the first time point as well as Pre-
2002 had values under LOD in the aqueous phase over time. However, in the same study,
Post-2002 did not increase the amount in the aqueous phase over time but stabilised at
around 0.2 % target analytes remaining in the aqueous phase (Fredriksson et al., 2022).
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Graph 1. Percentage of target compounds remaining in the aqueous phase during 7 days
of sorption test without pH adjustment. Values under limit of detection (LOD) are shown
with unfilled points in the graph. The graph is based on data from Table C2 in

Appendix C.

4.2.2. The effect of pH on the sorption of Pre-2002

The pH and k measurements for all the samples can be found in Table C1 in Appendix C.
Solution of three different pHs were used; pHs were found to be lower after equilibration

with the sediment (Table 3).

Table 3. The mean and standard deviation of the initial pH solutions compared with the
pH of the solution after the sorption experiment. The values are based on data from Table

C1.
Initial pH of the solution pH after equilibration pH at the of the
experiment
9 4.92 +£0.25 4.41+0.10
10.5 6.61 +0.01 6.40 + 0.09
11.5 11.27 + 0.05 11.24 + 0.05
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Graph 2. Percentage of Pre-2002 remaining in the aqueous phase during 7 days of
sorption test with Milli-Q solutions containing CaCl. adjusted to different pHs. Values
under LOD are shown with unfilled points in the graph. The graph is based on data from
Table C2 in Appendix C.

In Graph 2, a clear trend for all time points and pHs can be seen. The per cent remaining in
the aqueous phase decreased during the first four time points (0.5, 1, 2 and 4 h) at all three
pHSs. Pre-2002 continued to be under LOD for the last two time points (8 and 168 h). For
time points 4, 8 and 168 h, only 168 h for pH 4.4 was under LOD, it is however still
concluded that they readily sorbed to the sediment.

The extraction was performed in different batches and could affect the result. Recovery
correction was made towards the respective batch, for example, time points 0.5, 1 and 2
hours had a recovery of 53 % for pH 11.2 for Pre-2002, while time points 4 and 168 hours
had 33 % (Table 4). A great recovery difference might affect the aqueous results. To
investigate this, additional graphs were made, with data that had not been recovery
corrected. The same trends as in Graph 2 were observed, but with a lower percentage
remaining in the aqueous phase, indicating that this has not affected the result.
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Table 4. Recoveries from the first and second extraction batches for both Pre-2002 and
Post-2002. Samples of hours 0.5-2 were performed during the first batch and samples of
hours 4-168 were performed during the second batch. The data is obtained from Table C5
in Appendix C. The pH of the solutions is the final pHs found in Table 3.

Mean First Second First Second
recoveries (%) extraction extraction extraction extraction
batch batch batch batch

Pre-2002 Pre-2002 Post-2002 Post-2002

No pH 47 39 27 25

adjustment

pH 4.4 52 42 24 26

pH 6.4 56 38 30 15

pH 11.2 53 33 40 36

For Pre-2002, higher amounts of the target analyte in the aqueous phase were observed at
higher pH for time points 0.5-4 hours. A possible explanation for this trend is that the
compound might obtain a charge in the alkaline environment and the surface charge of the
particles in sediment was also affected by higher pH. The sorption of the analytes to the
sediment might decrease when the charges between the target analytes and sediment are
repelled from each other.

During the experiment, it was observed that the colour of the solution increased with the
increased pH, as can be seen in Figure C1 in Appendix C. The samples with a pH of 11.2
produced a layer of foam at the top of the solution when they were shaken. One possible
reason for the increasing colour might be more ions leaching out in the aqueous phase
when the pH of the solution increased. k may be used to compare the amounts of ions
present in the sample (Allen and Bevington, 1996). The « for the samples with a pH of
11.2 were notably higher than the k value of the other pH (1115 £ 83 uS/cm compared to
176 £ 11 and 169 + 10 uS/cm; all the values can be seen in Table C1), which indicate
more ion activity in samples with higher pH. However, studies have shown that metals in
general often had an increase in mobility in the aqueous phases when the pH decreased
(Sintorini et al., 2021; Zhang et al., 2018). Another observation for the samples with a pH
of 11.2 was that less sediment was clustered against the wall of the tube after centrifuging.
Therefore, a possible reason for the increasing colour with increasing pH could also be due
to more sediment particles being dissolved in the aqueous phase. If the particles would be
included in the transferred aqueous phase, the target analytes sorbed to the dissolved
particles would be extracted. That would increase the measured target analytes in the
aqueous phase and therefore give a misleading result. It is however believed that proper
caution when transferring the aqueous phase was made.
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4.2.3. The effect of pH on the sorption of Post-2002

The result for Post-2002 shows almost identical results as Pre-2002 (Graphs 2-3). A small
difference, however, is that Post-2002 sorbed more to the sediment for pH 6.4 at 0.5 h than
Pre-2002 (2 % vs 4 %). In that case, Post-2002 might more readily sorb to sediment than
Pre-2002. However, since the difference is small, a more likely explanation would be that
the samples were extracted in different batches. Additional graphs with no recovery
correction were created for Post-2002, similar trends could be seen in those as well, which
indicate that recovery correction only affects the amount and not the shape of the graph.

Sorption test - the impact of pH
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Graph 3. Percentage of Post-2002 remaining in the aqueous phase during 7 days of
sorption test with Milli-Q solutions adjusted to different pHs. Values under LOD are
shown with unfilled points in the graph. The graph is based on data from Table C2 in
Appendix C.

4.3. Sorption test - Water from Lake Hjalmaren

The sorption test with water from Lake Hjalmaren was performed with two different
amounts of target compounds; the amounts were 1000 ng and 10 000 ng. This was done in
order to exclude that the sorption capacity of the sediment was reached at 1000 ng.

4.3.1. Amounts of target analytes: 1000 ng

The pH and « of the water in this experiment were found to be pH of 5.4 + 0.2 and « of
143 + 10 pS/cm; more detailed results can be found in Table C4 in Appendix C.

Clear trends for both Pre-2002 and Post-2002 can be observed in Graph 4, where Post-
2002 was shown to be more prone to sorb to the sediment at time points 0.5-8 h before
both target analytes were under LOD at 7 days. These were in contrast to earlier results
without any pH adjustment (Graph 1), where it showed Pre-2002 more readily sorbed than
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Post-2002. This might be due to particles and dissolved organic matters that were present
in water from Lake Hjalmaren. It can be assumed that water from Lake Hjalmaren
contained some levels of PFAS and other fluorinated compounds which could compete
when sorbed to sediment. Only the structure of Pre-2002 has been proposed, therefore, it is
not known if the target analytes sorbed in the same way and might for that reason sorb
differently to the sediment. Further studies need to be conducted to give more insight into
the sorption mechanisms.

Since the recoveries of the recovery tests in the two extraction batches were similar (Table
C5), it is possible to conclude that no other factors should affect the result and that the
trend seen in Graph 4 represents the trend of equilibrium for Pre-2002 and Post-2002 in
natural-like conditions.

Sorption test - Water from Lake Hjalmaren
Amounts of target analytes: 1000 ng
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Graph 4. Percentage of target analytes remaining in the aqueous phase of natural water
from Lake Hjalmaren spiked at 1000 ng during the sorption test. Values under LOD are
marked by unfilled points. The data in the graph is based on Table C3 in Appendix C.

4.3.2. Amounts of target analytes: 10 000 ng

The result for the Lake Hjalmaren samples spiked with 10 000 ng (Graph 5) shows similar
trends as the Lake Hjalmaren samples spiked with 1000 ng (Graph 4), which could
indicate that the trend observed is reliable. However, as can be seen, the samples spiked
with higher concentrations sorbed more readily than the samples spiked with lower
concentrations. In general, the rate of reactions increases with higher concentration due to
a higher rate of collisions (Gallagher, 2001). The same tendency can be seen in the results
(Graph 5).
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Close to 0 % of the target analytes remained in the aqueous phase at the end of the sorption
test which indicates that the sediment was not fully saturated in the sorption tests spiked
with lower concentration.

Sorption test - Water from Lake Hjadlmaren
Amounts of target analytes: 10 000 ng
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Graph 5. Percentage of target analytes spiked at 10 000 ng remaining in the aqueous
phase during the sorption experiment with water from Lake Hjalmaren. In the graph,
values under LOD are shown with an unfilled point. The data is based on Table C3 in
Appendix C.

4.4. General discussion

The results from the sorption tests performed on the aqueous phase showed that pH had an
impact on the sorption capacity of the target analytes. In general, the results showed that
the sorption of target analytes decreased with increasing pH. In acidic conditions, the
compounds might be protonated making them uncharged, in turn, more prone to sorb to
sediment. It might also indicate that the surface of the particles in the sediment under
alkaline conditions repelled the compounds. It is, however, quite clear that both Pre-2002
and Post-2002 are more prone to sorb to the sediment than in the aqueous phase, which is
not unexpected due to their hydrophobic characteristics (Fredriksson et al., 2022; Letcher
et al., 2020). Long-chain PFAS have been shown to sorb more to sediment and soil than
short-chain PFAS (Bolan et al., 2021; Higgins and Luthy, 2006; Sima and Jaffé, 2021).
These results aligned with current results that the Pre-2002 has a lower percentage in the
aqueous phase than Post-2002. However, some results display some uncertainty because of
the larger variation in values within the duplicates, as well as the result including several
values under LOD. For increased reliability, more replicates would be needed.

To ensure the quality of the experiments, measures and additional experiments have been
performed. It has been concluded that there should not be other losses of the target
analytes than those that sorb to the sediment. In addition, other experiments including
whether the target analytes sorb to the walls of the PP tubes, excluding that the compounds
25



undergo hydrolysis during the sorption experiment, as well as investigating if the recovery
of the extraction method is reduced with time, was performed. As discussed before, a
variation in recovery of the extraction method was observed, which could have affected
the results, but by doing a recovery correction against the respective batch, this should be
accounted for. There is however no suggested explanation for the recovery variation. To
exclude that the sorption capacity of the sediment was affecting the result, and therefore
indicate that other parameters e.g., pH, affected the result, a sorption experiment with
higher amounts of target analytes were performed. Target analytes were not under LOD at
the end of the sorption test, which indicates that the sediment was not fully saturated in the
sorption tests spiked with lower concentration.

In contrast to the sorption test on Milli-Q solutions with and without pH adjustments, Post-
2002 sorbed more readily to the sediment than Pre-2002 in water from Lake Hjalmaren.
The water used was filtered and could therefore contain compounds or elements such as
other PFAS, particles, dissolved organic matter and ions that might affect the sorption of
Pre-2002 and Post-2002. The CaCl, was added to the Milli-Q solutions as an electrolyte
while Lake Hjalmaren contained naturally occurring electrolytes. Inorganic ions can
impact the charge of the particles in the sediment (Darlington et al., 2018), which could
make a compound more or less prone to sorb to the sediment.

Although waters of different water chemistries were used, which showed different sorption
capacities, it is possible to observe that the same trends of decreasing amount of target
analytes in the aqueous phase over time can be seen in both waters. The percentage
remaining in the water from Lake Hjélmaren, which had a pH of 5.4, somewhat aligned
with the trends that could be seen in the graphs with different pHs (Graphs 2-3), meaning
that most values from Lake Hjdlmaren was in between the values for the pH of 4.4 and 6.4.
This indicates that sorption capacity most likely is more dependent on pH than water
chemistry.

In general, both Pre-2002 and Post-2002 in Lake Hjalmaren and the Milli-Q solutions
showed a high sorption capacity to sediment, which demonstrates their fates in the
environment. Because they are readily sorbed to sediment particles, it can be assumed that
they are quite immobile in the sediment.

This study is important for several reasons. The structures of Pre-2002 and Post-2002 are
covered by trade secrets. A structure of Pre-2002 was recently suggested while Post-2002
is yet to be proposed (Fredriksson et al., 2022). Because of this, only qualified guesses of
the fate, hazard and behaviour of the target analytes can be made. There are today only a
few studies on these specific compounds and more studies are encouraged. The more
established studies regarding these compounds includes different analysis to identify the
component of the molecules and analysis of the amounts present in the environment.
Sorption tests with Milli-Q solutions have been performed previously by Fredriksson et al.
(2022), the current study aimed for extensive sorption testing by including different pHs as
well as natural water to mimic real-life conditions. The effect of pH on sorption was
explored as an indicator of the structure of the compounds, and how the pH could affect
the fate of the compounds in the environment. This is crucial since the pH of waters in

26



Sweden varies greatly; Lake Hjadlmaren was found to have a pH of around 5, while some
waters have up to a pH of 8 (Roseacute;n et al., 2000).

The study is relevant for the global goals for sustainable development. The most relevant
goals for this study are: Goal 3 ‘Good health and well being” which includes target 3.9
‘reduce illness and death from hazardous chemicals and pollution’ (The Global Goals,
2015a), target 12.4 ‘Responsible management of chemicals and waste” under goal 12
‘Responsible consumption and production’ (The Global Goals, 2015b) and target 14.1
‘Reduce marine pollution’ in goal 14 ‘Life below water’ (The Global Goals, 2015c). As
previously mentioned, it is believed that PFAS can have a negative impact on human
health and the environment due to their persistent trade. Without a further understanding of
the behaviour and fate of fluorinated compounds, including Pre-2002 and Post-2002,
reaching these goals would be very difficult. The target compounds have been detected in
sludge and bio-soils (Chu and Letcher, 2017), which makes further studies on these
compounds relevant. The study can help improve the understanding of the sorption
capacity of the compounds that have been and are used in Scotchgard™ products.

4.5. Further work

Since the data in this study is not fully consistent due to a large variation between the
duplicates, more similar tests should be performed in the future, preferably in triplicates, in
order to validate these results and to increase the precision of the data. Other parameters
should also be explored, such as the organic content in the sediment, because this has been
shown to have a large impact on the sorption capacity (Darlington et al., 2018). If further
experiments are to be performed on real water, the water itself could be extracted to
enhance the knowledge of what in the water is affecting the sorption capacity. A final
suggestion for further work is to extract the target analytes not only from the aqueous
phase but also from the sediment to get a more nuanced knowledge of the behaviour of the
compounds.

5. CONCLUSION

Using both Milli-Q solutions and natural water from Lake Hjalmaren, it is clear that pH
has an effect on the sorption capacity of these compounds (Pre-2002 and Post-2002). The
statement that these target compounds are quite hydrophobic had strong evidence in this
study since it showed the target analytes sorbed readily to the sediment. Further work
needs to be done in this area to increase the knowledge of the behaviour of Pre-2002 and
Post-2002, as well as the fate of these in the environment. This is due to them still being
present or realised into the environment, as well as it is believed that fluorinated
compounds have a negative effect on the human health and the environment.
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APPENDICES

The appendices contain three appendices, A, B and C. Description of the content can be
found under each subtitle.

Appendix A

Appendix A contains different instrumental parameters, instrumental method, calibration
curves as well as information about the sediment.

Table Al. The parameters used for the ultra-performance liquid chromatography (UPLC).

Source temperature 150°C
Desolvation temperature 400°C
Desolvation gas flow 800 L/h
Cone gas flow 150 L/h
Capillary 3.00 kv
Cone 10V
Nebulizer 6.5 Bar
Table A2. The UPLC method used to analyse the target analytes.
t (min) Mobile phase A (%) Mobile phase B (%0)
0.00 99 1
0.57 99 1
2.00 50 50
8.00 0 100
15.00 0 100
15.20 99 1
17.00 99 1
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Table A4. The recoveries calculated for spiked samples shaken without sediment for 7 days
to investigate degradation and hydrolysis.

Solutions Pre-2002 (%) Post-2002 (%0)
Milli-Q water spike 1 4.70 8.79
Milli-Q water spike 2 5.71 8.02
pH 11.5 spike 1 11.6 7.00
pH 11.5 spike 2 13.0 4.02

Table A5. Measured electrical conductivity (x) and pH of sediment from Lake Hjalmaren.

Sample Electrical conductivity pH

(uS/ecm)
Hjalmaren 1 25.5 4.57
Hjélmaren 2 37.0 4.62
Hjélmaren 3 30.9 4.57
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Appendix B
Appendix B contains the results from the spiked tests performed on the extraction method during the development and optimisation of the method, as well as
the measured electrical conductivity and pH.

Table B1. The mean and standard deviation on the recoveries for different spike tests on Milli-Q water. The recovery is based on Tables B2, B3 and B5.

Recovery Mean (%) Pre-2002 Std Mean (%) Std
Pre-2002 Post-2002 Post-2002
Milli-Q water, first spike test 63.34 7.075 26.69 1.969
Milli-Q water, second spike 66.13 2.581 51.74 7.231
test
Milli-Q water, third spike test 74.29 10.01 51.91 6.528

Table B2. The amounts and recoveries of Pre-2002 and Post-2002 in the recovery test performed on Milli-Q water, filters, and empty polypropylene (PP)

tubes.

Amount Procedur | Milli-Q Milli-Q Milli-Q Procedur | PVDF PVDF Procedur | GHP GHP Empty Empty Empty Empty
(ng) and e Blank water water water e blank, filter, filter, e blank, filter, filter, tube, tube, tube, tube,
recovery Spike 1 Spike 2 Spike 3 PVDF Spiked Spiked GHP Spiked Spiked PVDF PVDF GHP GHP
(%) filter with Pre- | with filter with Pre- [ with filter Pre- | filter filter Pre- | filter
2002 Post- 2002 Post- 2002 Post- 2002 Post-
2002 2002 2002 2002
Pre-2002 <LOD 714.2 582.4 603.7 <LOD 504.7 <LOD <LOD 32.30 <LOD 60.40 <LOD 56.90 0.1000
(ng)
Pre-2002 <LOD 71.42 58.24 60.37 <LOD 50.47 <LOD <LOD 3.230 <LOD 6.040 <LOD 5.690 <LOD
(%)
Post-2002 | <LOD 289.4 252.8 258.5 0.1000 <LOD 83.10 <LOD <LOD 1115 <LOD 14.90 <LOD 17.00
(ng)
Post-2002 | <LOD 28.94 25.28 25.85 <LOD <LOD 8.310 <LOD <LOD 11.15 <LOD 1.490 <LOD 1.700
(%)
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Table B3. The amounts and recoveries for the Pre-2002 and Post-2002 in the spike test include Milli-Q water, Milli-Q water with a pH of 3.5, Milli-Q water
with a pH of 9 and Milli-Q water with added MeOH.

Amount | Proced | Milli-Q Milli-Q Milli-Q Procedu | pH 3.5 pH 3.5 pH 3.5 Procedu | pH9 pH 9 pH 9 Milli-Q | Milli-Q | Milli-Q | Milli-Q

(ng) and | ure water water water reblank | Spikel | Spike2 | Spike3 | reblank | Spikel | Spike2 | Spike3 | water water water water
recover blank Spike1 | Spike2 | Spike3 | pH3.5 pH9 with with with with
(%) 1% 5% 10 % 20 %

MeOH MeOH MeOH MeOH

Pre-2002 | <LOD | 638.1 689.1 656.7 <LOD | 5613 616.7 508.4 521.2 602.3 545.3 519.8 523.8 586.1 505.4 626.1
(ng)

Pre-2002 | <LOD | 63.81 68.91 65.67 <LOD 56.13 61.67 50.84 52.12 60.23 54.53 51.98 52.38 58.61 50.54 62.61
(%)

Post- <LOD 435.5 572.5 544.1 <LOD 515.0 533.8 514.2 <LOD 489.2 534.9 499.8 542.4 569.7 533.6 511.2
2002 (ng)
Post- <LOD 43.55 57.25 54.41 <LOD 51.50 53.38 51.42 <LOD 48.92 53.49 49.98 54.24 56.97 53.36 51.12
2002 (%)

Table B4. The measured x and pH on the solution used in the experiments for Table B3.

Solution Electrical conductivity (uS/cm) pH
Milli-Q water 0.60 6.12
pH 3.5: Milli-Q water + HCI 17.4 8.95
pH 9: Milli-Q water + NaOH 714 3.49
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Table B5. The amounts and recoveries for Pre-2002 and Post-2002 in the spike test where the impact of time was investigated. Day 1 indicates extraction the
same day as spiked, day 4 indicates extraction 3 days after spiking.

Amount (ng) and Day 1 Day 1 Spike 1 | Day 1 Spike2 | Day 1 Spike 3 | Day 4 Day 4 Spike 1 | Day 4 Spike 2 | Day 4 Spike 3
recovery (%) Procedure Procedure

Blank Blank
Pre-2002 (ng) 0.1000 854.1 659.9 714.8 <LOD 7337 702.9 630.9
Pre-2002 (%) <LOD 85.41 65.99 71.48 <LOD 73.37 70.29 63.09
Post-2002 (ng) <LOD 589.8 506.4 461.1 <LOD 516.4 538.1 510.6
Post-2002 (%) <LOD 58.98 50.64 46.11 <LOD 51.64 53.81 51.06
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Table B6. The result of a t-test performed on the data from Table B5.

t-test: Two-Sample Assuming Equal Variances
Variable 1 Variable 2
Mean 74.29333 68.91667
Variance 100.2202 27.83413
Observations 3 3
Pooled variance 64.02718
Hypothesized Mean difference 0
df 4
T Stat 0.822956
P(T<=t) one-tail 0.228382
t Critical one-tail 2.131847
P(T<=t) two-tail 0.456765
t Critical two-tail 2.776445
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Table B7. ANOVA test performed on data on Pre-2002 from Table B3.

Anova: Single factor |
SUMMARY
Groups Count Sum Average Variance

Column 1 3 1983.9 661.3 666.12
Column 2 3 1686.4 562.1333 2932.743
Column 3 3 1667.4 555.8 1784.25
ANOVA

Source of Variation SS df MS F p-value E-crit
Between groups 21004.39 2 10502.19 5.852855 0.038915 5.143253
Within groups 10766.23 6 1794.371
Total 31770.62 8
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Table B8. ANOVA test performed on data on Post-2002 from Table B3.

Anova: Single factor |
SUMMARY
Groups Count Sum Average Variance

Column 1 3 1552.1 517.3667 5228.523
Column 2 3 1563 521 123.04
Column 3 3 1523.9 507.9667 572.1433
ANOVA

Source of Variation SS df MS F p-value E-crit
Between groups 271.4289 2 135.7144 0.068734 0.934299 5.143253
Within groups 11846.87 6 1974.479
Total 12118.3 8
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Appendix C
This appendix contains the data from the sorption tests, including the measurements of pH and «.

Table C1. The table contains the measured pH and «, including the time for the x measurements, for the
samples included in the sorption test with Milli-Q water.

Sample K pS/cm Time k pH
(minutes)
Milli-Q water with no 180 00:06 4.23

adjustment. 0.5 h. Pre-2002

Milli-Q water with no 184 00:10 4.25
adjustment. 0.5 h. Pre-2002

Milli-Q water with no 178 01:44 5.26
adjustment. 1 h. Pre-2002

Milli-Q water with no 184 01:02 4.49
adjustment. 1 h. Pre-2002

Milli-Q water with no 192 01:45 5.64
adjustment. 2 h. Pre-2002

Milli-Q water with no 177 01:05 441
adjustment. 2 h. Pre-2002

Milli-Q water with no 171 00:49 7.03
adjustment. 4 h. Pre-2002

Milli-Q water with no 179 00:57 450
adjustment. 4 h. Pre-2002

Milli-Q water with no 158 00:52 4.36
adjustment. 8 h. Pre-2002

Milli-Q water with no 144 00:13 4.20
adjustment. 8 h. Pre-2002

Milli-Q water with no 162 00:23 4.31
adjustment. 12 h. Pre-2002

Milli-Q water with no 174 00:10 4.26
adjustment. 12 h. Pre-2002

Milli-Q water with no 173 00:13 6.71
adjustment. 24 h. Pre-2002

Milli-Q water with no 184 01:55 6.59
adjustment. 24 h. Pre-2002

Milli-Q water with no 163 01:05 4.32
adjustment. 168 h. Pre-2002
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Pre-2002

Milli-Q water with no 197 01:48 4.29
adjustment. 168 h. Pre-2002

Milli-Q water with no 171 01:20 6.82
adjustment. 0.5 h. Post-2002

Milli-Q water with no 163 00:41 451
adjustment. 0.5 h. Post-2002

Milli-Q water with no 137 01:47 6.06
adjustment. 1 h. Post-2002

Milli-Q water with no 182 00:56 4.36
adjustment. 1 h. Post-2002

Milli-Q water with no 156 01:45 6.05
adjustment. 2 h. Post-2002

Milli-Q water with no 158 01:01 4.48
adjustment. 2 h. Post-2002

Milli-Q water with no 149 01:28 5.56
adjustment. 4 h. Post-2002

Milli-Q water with no 169 00:48 4.44
adjustment. 4 h. Post-2002

Milli-Q water with no 156 00:47 4.31
adjustment. 8 h. Post-2002

Milli-Q water with no 177 00:30 4.25
adjustment. 8 h. Post-2002

Milli-Q water with no 192 01:46 5.38
adjustment. 12 h. Post-2002

Milli-Q water with no 164 00:19 431
adjustment. 12 h. Post-2002

Milli-Q water with no 166 01:57 6.02
adjustment. 24 h. Post-2002

Milli-Q water with no 162 00:43 4.47
adjustment. 24 h. Post-2002

Milli-Q water with no 154 00:06 5.98
adjustment. 168 h. Post-2002

Milli-Q water with no 156 00:26 4.39
adjustment. 168 h. Post-2002

Milli-Q water, pH 4.4.0.5h. | 183 00:13 4.40
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Post-2002

Milli-Q water, pH 4.4.0.5h. | 180 01:24 4.40
Pre-2002

Milli-Q water, pH 4.4. 1 h. 177 00:12 454
Pre-2002

Milli-Q water, pH 4.4. 1 h. 178 00:19 453
Pre-2002

Milli-Q water, pH 4.4. 2 h. 181 00:15 4.46
Pre-2002

Milli-Q water, pH 4.4. 2 h. 175 00:37 4.48
Pre-2002

Milli-Q water, pH 4.4. 4 h. 178 00:13 455
Pre-2002

Milli-Q water, pH 4.4. 4 h. 179 00:20 4.50
Pre-2002

Milli-Q water, pH 4.4. 8 h. 166 00:32 4.40
Pre-2002

Milli-Q water, pH 4.4. 8 h. 175 01:00 4.36
Pre-2002

Milli-Q water, pH 4.4. 12 h. 170 00:06 4.37
Pre-2002

Milli-Q water, pH 4.4. 12 h. 172 01:11 4.40
Pre-2002

Milli-Q water, pH 4.4. 24 h. 169 00:12 474
Pre-2002

Milli-Q water, pH 4.4. 24 h. 174 00:08 4.62
Pre-2002

Milli-Q water, pH 4.4. 168 h. | 176 00:09 4.43
Pre-2002

Milli-Q water, pH 4.4. 168 h. | 186 01:21 4.46
Pre-2002

Milli-Q water, pH 4.4.0.5h. | 167 00:33 4.40
Post-2002

Milli-Q water, pH 4.4.0.5h. | 163 00:11 4.36
Post-2002

Milli-Q water, pH 4.4. 1 h. 164 00:20 4.32
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Pre-2002

Milli-Q water, pH 4.4. 1 h. 160 00:13 4.29
Post-2002

Milli-Q water, pH 4.4. 2 h. 146 00:11 4.34
Post-2002

Milli-Q water, pH 4.4. 2 h. 161 00:27 4.35
Post-2002

Milli-Q water, pH 4.4. 4 h. 160 00:34 4.38
Post-2002

Milli-Q water, pH 4.4. 4 h. 162 00:47 434
Post-2002

Milli-Q water, pH 4.4. 8 h. 179 00:12 4.25
Post-2002

Milli-Q water, pH 4.4. 8 h. 159 00:14 424
Post-2002

Milli-Q water, pH 4.4. 12 h. 166 00:13 4.40
Post-2002

Milli-Q water, pH 4.4. 12 h. 142 00:49 4.36
Post-2002

Milli-Q water, pH 4.4. 24 h. 161 00:36 441
Post-2002

Milli-Q water, pH 4.4. 24 h. 160 00:44 4.44
Post-2002

Milli-Q water, pH 4.4. 168 h. | 157 00:21 4.41
Post-2002

Milli-Q water, pH 4.4. 168 h. | 168 00:12 4.45
Post-2002

Milli-Q water, pH 6.4.0.5h. | 188 01:28 6.31
Pre-2002

Milli-Q water, pH 6.4.0.5h. | 165 00:06 6.46
Pre-2002

Milli-Q water, pH 6.4. 1 h. 178 00:06 6.45
Pre-2002

Milli-Q water, pH 6.4. 1 h. 196 01:26 6.46
Pre-2002

Milli-Q water, pH 6.4. 2 h. 193 01:17 6.43
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Post-2002

Milli-Q water, pH 6.4. 2 h. 195 00:52 6.53
Pre-2002

Milli-Q water, pH 6.4. 4 h. 179 00:45 6.49
Pre-2002

Milli-Q water, pH 6.4. 4 h. 178 01:01 6.54
Pre-2002

Milli-Q water, pH 6.4. 8 h. 168 01:24 6.27
Pre-2002

Milli-Q water, pH 6.4. 8 h. 162 01:36 6.36
Pre-2002

Milli-Q water, pH 6.4. 12 h. 184 01:03 6.25
Pre-2002

Milli-Q water, pH 6.4. 12 h. 184 01:18 6.42
Pre-2002

Milli-Q water, pH 6.4. 24 h. 170 01:04 6.60
Pre-2002

Milli-Q water, pH 6.4. 24 h. 171 01:48 6.56
Pre-2002

Milli-Q water, pH 6.4. 168 h. | 179 01:21 6.44
Pre-2002

Milli-Q water, pH 6.4. 168 h. | 173 01:03 6.55
Pre-2002

Milli-Q water, pH 6.4.0.5h. | 155 01:16 6.39
Post-2002

Milli-Q water, pH 6.4.0.5h. | 174 01:23 6.45
Post-2002

Milli-Q water, pH 6.4. 1 h. 181 00:54 6.26
Post-2002

Milli-Q water, pH 6.4. 1 h. 168 00:06 6.46
Post-2002

Milli-Q water, pH 6.4. 2 h. 203 00:06 6.34
Post-2002

Milli-Q water, pH 6.4. 2 h. 181 00:06 6.39
Post-2002

Milli-Q water, pH 6.4. 4 h. 175 01:02 6.38

50




Pre-2002

Milli-Q water, pH 6.4. 4 h. 181 01:01 6.43
Post-2002

Milli-Q water, pH 6.4. 8 h. 155 00:06 6.31
Post-2002

Milli-Q water, pH 6.4. 8 h. 176 00:11 6.33
Post-2002

Milli-Q water, pH 6.4. 12 h. 169 00:06 6.32
Post-2002

Milli-Q water, pH 6.4. 12 h. 167 00:06 6.36
Post-2002

Milli-Q water, pH 6.4. 24 h. 173 00:06 6.35
Post-2002

Milli-Q water, pH 6.4. 24 h. 166 00:52 6.37
Post-2002

Milli-Q water, pH 6.4. 168 h. | 172 00:06 6.41
Post-2002

Milli-Q water, pH 6.4. 168 h. | 178 01:31 6.38
Post-2002

Milli-Q water, pH 11.2. 0.5 1207 01:38 11.2
h. Pre-2002

Milli-Q water, pH 11.2. 0.5 1191 00:42 11.2
h. Pre-2002

Milli-Q water, pH 11.2. 1 h. 1161 02:02 11.3
Pre-2002

Milli-Q water, pH 11.2. 1 h. 1205 00:06 11.3
Pre-2002

Milli-Q water, pH 11.2. 2 h. 1169 01:15 11.3
Pre-2002

Milli-Q water, pH 11.2. 2 h. 1235 00:22 11.3
Pre-2002

Milli-Q water, pH 11.2. 4 h. 1230 01:36 11.3
Pre-2002

Milli-Q water, pH 11.2. 4 h. 1263 00:06 11.3
Pre-2002

Milli-Q water, pH 11.2. 8 h. 1164 02:21 11.3
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Post-2002

Milli-Q water, pH 11.2. 8 h. 1221 00:06 11.3
Pre-2002

Milli-Q water, pH 11.2. 12 h. | 1138 01:27 11.2
Pre-2002

Milli-Q water, pH 11.2. 12 h. | 1102 01:23 11.2
Pre-2002

Milli-Q water, pH 11.2. 24 h. | 1150 01:46 11.3
Pre-2002

Milli-Q water, pH 11.2. 24 h. | 1214 00:48 11.3
Pre-2002

Milli-Q water, pH 11.2. 168 1159 01:12 11.3
h. Pre-2002

Milli-Q water, pH 11.2. 168 1149 00:44 11.3
h. Pre-2002

Milli-Q water, pH 11.2. 0.5 1060 00:54 11.2
h. Post-2002

Milli-Q water, pH 11.2. 0.5 1079 00:06 11.2
h. Post-2002

Milli-Q water, pH 11.2. 1 h. 1043 00:57 11.2
Post-2002

Milli-Q water, pH 11.2. 1 h. 1101 00:09 11.2
Post-2002

Milli-Q water, pH 11.2. 2 h. 1034 01:47 11.2
Post-2002

Milli-Q water, pH 11.2. 2 h. 1084 00:06 11.3
Post-2002

Milli-Q water, pH 11.2. 4 h. 1050 01:08 11.2
Post-2002

Milli-Q water, pH 11.2. 4 h. 1084 00:06 11.2
Post-2002

Milli-Q water, pH 11.2. 8 h. 973 01:42 111
Post-2002

Milli-Q water, pH 11.2. 8 h. 1065 00:06 11.2
Post-2002

Milli-Q water, pH 11.2. 12 h. | 1019 00:56 11.2
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Milli-Q water, pH 11.2. 12 h. | 1096 00:06 11.2
Post-2002

Milli-Q water, pH 11.2. 24 h. | 1029 01:54 11.2
Post-2002

Milli-Q water, pH 11.2. 24 h. | 1058 00:34 11.2
Post-2002

Milli-Q water, pH 11.2. 168 973 01:23 11.3
h. Post-2002

Milli-Q water, pH 11.2. 168 962 01:09 11.2
h. Post-2002

Tables C2 and C3. The data from the sorption tests. Table C2 shows the data on Milli-Q water. Table C3
shows the data from the sorption test performed on water from Lake Hjalmaren. Different extraction
batches are separated by a more distinctive line in the table.

Table C2 Table C3

Amount (ng/) | Pre-2002 Post-2002 Amount (ng/) | Pre-2002 Post-2002

No 7.8 2.9 Hjélmaren, 0.5 | 23.4 5.8

adjustment, h

05h

No <LOD <LOD Hjélmaren, 0.5 | 18.3 4

adjustment, h

05h

No <LOD <LOD Hjalmaren, 1 h | 13.5 3

adjustment, 1

h

No <LOD <LOD Hjélmaren, 1 h | 12 <LOD

adjustment, 1

h

No <LOD <LOD Hjélmaren, 2 h | 10.8 3.1

adjustment, 2

h

No <LOD <LOD Hjélmaren, 2 h | 12.5 <LOD

adjustment, 2

h

pH4.4,05h 7.4 <LOD Hjalmaren, 4 h | 21.3 3.2

pH4.4,05h 7.6 25 Hjalmaren, 4 h | 13.7 2.6

pH4.4,1h <LOD 2.6 Hjélmaren, 8h | 9.1 <LOD

pH4.4,1h <LOD 3.9 Hjélmaren, 8 h | 9.7 <LOD

pH4.4,2h <LOD <LOD Hjalmaren 933.5 51.2
x10,0.5h
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pH4.4,2h <LOD <LOD
Milli-Q <LOD <LOD
Procedure

Blank

Milli-Q Spike | 2249 1269.9
1

Milli-Q Spike | 1983.7 1286.1
2

Milli-Q Spike | 2068 1452.9
3

No <LOD <LOD
adjustment,

Sorption

Blank

pH 4.4, <LOD <LOD
Sorption

Blank

No 2289.1 1176.9
adjustment,

Spike 1

No 2439.4 1504.1
adjustment,

Spike 2

pH 4.4 Spike 1 | 2607.3 988.1
pH 4.4 Spike 2 | 2612 1384.6
pH6.4,05h 71 25.9
pH6.4,05h 126.7 21.5
pH6.4,1h 46.7 16.2
pH6.4,1h 27.2 24.4
pH6.4,2h 17.7 7.6
pH6.4,2h 21.7 18.7
pH11.2,0.5h | 150.4 132.2
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Hjalmaren 468 35
x10,0.5h

Hjalmaren 172.4 46.3
x10,1h

Hjalmaren 169.3 28.5
x10,1h

Hjalmaren 174.3 329
x10,2 h

Hjalmaren 230.8 33.1
x10,2 h

Hjalmaren, <LOD <LOD
Sorption

Blank

Procedure <LOD <LOD
Blank

Hjalmaren 1612.5 859.1
Spike 1

Hjélmaren 1739.5 1058.7
Spike 2

Hjélmaren, <LOD <LOD
168 h

Hjélmaren, <LOD <LOD
168 h

Hjalmaren 5.4 51
x10, 168 h

Hjalmaren 10.9 7.6
x10, 168 h

No 234.9 439.5
adjustment,

168 h, Spike 1

No 285.5 401.2
adjustment,

168 h, Spike 2

pH 11.2, 168 578.2 349.9
h, Spike 1

pH 11.2, 168 649.2 200.9
h, Spike 2

No <LOD <LOD




adjustment,
Procedure
Blank

No adjustment
Spike

1557.8

1084.9

pH 11.2
Procedure
Blank

<LOD

<LOD

pH 11.2 Spike

1259.5

1110.1

Procedure
Blank

<LOD

<LOD

Hjalmaren
Spike 1

1577

1056.5

Hjalmaren
Spike 2

1661.2

1143.8

pH11.2,05h | 2159 167.8
pH11.2,1h 197.1 129.1
pH11.2,1h 164 103.7
pH11.2,2h 112.1 116.7
pH11.2,2h 134.6 96.6
Milli-Q <LOD <LOD
Procedure

Blank

Milli-Q Spike | 2687 1559.5
1

Milli-Q Spike | 3053.7 1375.6
2

Milli-Q Spike | 2855.9 1174.3
3

pH 6.4 <LOD <LOD
Sorption

Blank

pH 11.2 <LOD <LOD
Sorption

Blank

pH 6.4 Spike 1 | 2518.4 1734.8
pH 6.4 Spike 2 | 3123 1306.3
pH 11.2 Spike | 2806 2112
1

pH 11.2 Spike | 2523 1923.5
2

No <LOD <LOD
adjustment,

168 h

No <LOD <LOD
adjustment,

168 h

pH4.4,168h | <LOD <LOD
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pH4.4,168h | <LOD <LOD
pH6.4,4h 20.8 11.3
pH6.4,4h 24.4 10.8
pH6.4,8h 36.7 20.7
pH6.4,8h 37.2 1.7

pH 6.4, 168 h 19.7 17.9
pH 6.4, 168 h 20.3 17.8
pH11.2,4h 59.1 75.5
pH11.2,4h 91.8 98.2
pH11.2,8h 68.7 58.4
pH11.2,8h 62.8 56
pH11.2,168h | 19.8 18.2
pH11.2,168h | 21 15

No 1859 950.5
adjustment,

Spike 1

No 2051 1515.7
adjustment,

Spike 2

pH 4.4, Spike | 2210 1284.1
1

pH 4.4, Spike | 2032.8 1276.8
2

pH 6.4, Spike | 1670.1 415.3
1

pH 6.4, Spike | 2148 1105.3
2

pH 11.2, Spike | 1602.4 1769.7
1

pH 11.2, Spike | 1686.7 1805.9
2

Milli-Q <LOD <LOD
Procedure

Blank
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Table C4. The measured pH and «, including the time for the x measurements, for the samples included in
the sorption test with water from Lake Hjalmaren.

Sample K pS/cm Time k pH
(minutes)

Hjdlmaren, 0.5 h. Pre- | 142 00:07 5.24
2002

Hjdlmaren, 0.5 h. Pre- | 166 01:40 5.26
2002

Hjélmaren, 1 h. Pre- 148 00:06 5.22
2002

Hjalmaren, 1 h. Pre- 150 00:06 5.22
2002

Hjalmaren, 2 h. Pre- 161 00:37 5.17
2002

Hjalmaren, 2 h. Pre- 148 01:23 5.19
2002

Hjalmaren, 4 h. Pre- 137 00:43 5.19
2002

Hjalmaren, 4 h. Pre- 138 00:58 521
2002

Hjalmaren, 8 h. Pre- 151 01:02 5.40
2002

Hjalmaren, 8 h. Pre- 150 00:45 5.38
2002

Hjalmaren, 12 h. Pre- 141 01:11 5.34
2002

Hjalmaren, 12 h. Pre- 146 01:30 5.29
2002

Hjalmaren, 24 h. Pre- 138 00:06 5.60
2002

Hjalmaren, 24 h. Pre- 143 00:30 5.55
2002

Hjélmaren, 168 h. Pre- | 125 00:50 5.71
2002

Hjélmaren, 168 h. Pre- | 127 00:44 5.85
2002

Hjalmaren, 0.5 h. Post- | 134 00:37 5.47
2002
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Hjélmaren, 0.5 h. Post- | 146 00:37 5.45
2002

Hjalmaren, 1 h. Post- 143 01:08 5.37
2002

Hjalmaren, 1 h. Post- 152 00:25 5.26
2002

Hjalmaren, 2 h. Post- 144 00:50 5.34
2002

Hjalmaren, 2 h. Post- 151 01:15 5.29
2002

Hjalmaren, 4 h. Post- 142 01:34 5.32
2002

Hjalmaren, 4 h. Post- 149 00:08 5.30
2002

Hjalmaren, 8 h. Post- 146 00:54 5.20
2002

Hjalmaren, 8 h. Post- 141 01:19 5.33
2002

Hjalmaren, 12 h. Post- | 172 00:45 5.32
2002

Hjalmaren, 12 h. Post- | 137 00:29 5.42
2002

Hjalmaren, 24 h. Post- | 140 02:13 5.51
2002

Hjalmaren, 24 h. Post- | 152 00:53 5.53
2002

Hjalmaren, 168 h. 128 00:52 5.86
Post-2002

Hjalmaren, 168 h. 129 00:06 5.84
Post-2002

Hjalmaren x10, 0.5 h. 142 00:49 5.26
Pre-2002

Hjalmaren x10, 0.5 h. 153 00:06 5.28
Pre-2002

Hjalmaren x10, 1 h. 155 00:40 5.15

Pre-2002
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Post-2002

Hjélmaren x10, 1 h. 145 01:22 5.18
Pre-2002

Hjalmaren x10, 2 h. 145 00:07 5.19
Pre-2002

Hjélmaren x10, 2 h. 151 00:06 5.16
Pre-2002

Hjélmaren x10, 168 h. | 122 00:59 5.90
Pre-2002

Hjélmaren x10, 168 h. | 135 00:06 5.87
Pre-2002

Hjalmaren x10, 0.5 h. 141 01:21 5.42
Post-2002

Hjalmaren x10, 0.5 h. 147 00:42 5.41
Post-2002

Hjalmaren x10, 1 h. 130 01:07 5.33
Post-2002

Hjalmaren x10, 1 h. 151 00:56 5.34
Post-2002

Hjalmaren x10, 2 h. 140 00:06 5.33
Post-2002

Hjalmaren x10, 2 h. 140 00:07 5.32
Post-2002

Hjalmaren x10, 168 h. 130 00:44 5.85
Post-2002

Hjalmaren x10, 168 h. | 139 00:06 5.87
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Table C5. The calculated mean recoveries on the extraction batches in Tables C2 and C3.

Extraction batches and matrix Pre-2002 (%) Post-2002 (%0)
Batch: 220411, Milli-Q water 42.00 26.73
Batch: 220411, Milli-Q water + CaCl, 47.29 26.81
Batch: 220411, pH 9 + CaCl, 52.19 23.73
Batch: 220412, Milli-Q water 57.31 27.40
Batch: 220412, pH 10.5 + CaCl, 56.41 3041
Batch: 220412, pH 11.5 + CaCl, 53.29 40.36
Batch: 220422, Milli-Q water + CaCl, 39.10 24.66
Batch: 220422, pH 9 + CaCl, 42.43 25.61
Batch: 220422, pH 10.5 + CaCl, 38.18 15.21
Batch: 220422, pH 11.5 + CaCl, 32.89 35.76
Batch: 220502, Hjalmaren 33.52 19.18
Batch: 220503, Hjélmaren 32.38 22.00
Batch:220503, Milli-Q water + CaCl, 31.16 21.70
Batch: 220503, pH 11.5 + CaCl, 25.19 22.20

From the left: solution with no pH adjustment, pH 4.4, pH 6.4, pH 11.2. Figure C1b. Display of the
samples after centrifugation.
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