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ABSTRACT

In this paper, the regulatory framework for PFAS is addressed, using the traditional
legal method to analyze the rules and structures of existing laws and regulations in
Sweden. The aim is to analyze and problematize the legal situation regarding PFAS in
water around landfills, with a focus on leachate. The starting point is the updated risk
assessment of PFAS and the requirements for a non-toxic and healthy environment.
The study shows strengths and weaknesses with the environmental legal framework
for PFAS contamination at landfills in Sweden. Four central problems have been high-
lighted: (1) production: waste containing PFAS continues to be sent to landfills; (2)
old landfills that are not in use but pose a high risk of spreading PFAS; (3) landfills
in operation, which comply with current regulations but have large concentrations of
PFAS in leachate (and surrounding water); and (4) PFAS propensity for long-range
dispersal. The revised health-based guideline from the European Food Safety Author-
ity underscores the heightened danger of PFAS, emphasizing the need to minimise
the risk of long-term exposure. It takes time to implement changes to the legal sys-
tem. While it is possible to regulate purification and permitted levels of PFAS in leach-
ate through permit conditions, this opportunity is rarely used. A large responsibility
therefore rests on the authorities responsible for the licensing of landfills to align the

1. INTRODUCTION

The top step in the European waste hierarchy is pre-
venting the generation of waste and the last step is dis-
posal, including landfilling (Directive 2008/98/EC, Article
4). This means that landfilling should be considered as the
last resort for managing waste, limited to what cannot be
further valorised within the Circular Economy concept. De-
spite this, landfilling is still the main method of handling
waste in large parts of the world; it is seen as a simple and
cost-efficient way to dispose of waste. On the other hand,
when the Circular Economy principle is effectively applied,
hazardous substances contained in the original products
may accumulate both in the recycled materials and in res-
idues disposed of in landfills, including PFAS (Cossu et al.,
2020; Pivato et al., 2024). For this reason, the design of the
landfill, in line with the principle of environmental sustain-
ability, plays a crucial role in reducing the risk of environ-
mental pollution and its harmful effects on human health
(Grossule and Stegmann, 2020). Although strict require-
ments are often placed on active landfills, the many older
landfills pose a great risk of pollution to soil, water, and air
(SGI, 2011).

individual permits with up-to-date scientific knowledge on PFAS risks.

In Sweden, 4.4 million tons of waste (excluding extrac-
tive waste) were landfilled in 2020, which is an increase of
300,000 tons compared to 2018 (SEPA, 2022:36). Since
the beginning of the 1990s, Sweden has worked diligently
to select and promote other treatment methods to reduce
landfilling, including material recycling with easily acces-
sible recycling centers, as well as clear guidance for mu-
nicipalities to reduce the amount of waste. As a result of
stricter legislation and a series of bans on disposal of cer-
tain types of waste introduced in the 21st century, a large
part of the active landfills in Sweden have been closed, and
most of them will be covered by 2030. The materials used
for the final coverings are layered to, among other things,
prevent rainwater from seeping through and getting con-
taminated (Swedish Waste Management, 2022:3; 2023).
There are currently 370 landfills in Sweden that submit
environmental reports’, and about 6,700 landfills are regis-
tered in the EBH-portal? (Miljosamverkan, 2022:8). Howev-
er, the closed landfills continue to affect their surroundings
for a very long time (SGI, 2023).

Per- and polyfluoroalkyl substances (PFAS) are a col-
lective name for a group of highly fluorinated, industrially
produced, and environmentally hazardous substances that
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have been used in large-scale production since the early
1950s (KEMI, 2021:9). There are over 12,000 different PFAS
structures that have been identified (EPA, 2021), and of
these, roughly 4,700 have been inventoried so far (OECD,
2018:16). Since many PFAS are grease-, dirt-, and water-re-
pellent, it makes them very useful in products like textiles,
lubricants, and food packaging materials. Other PFAS also
have surface-active properties that make them useful in, for
example, cookware, cleaning agents, paints, ski wax, and
cosmetics (KEMI, 2015:32-49). PFAS are very effective, and
therefore only low concentrations are needed to achieve
the desired function in the product (KEMI, 2015:66). Due
to the strong bond between carbon and fluorine, PFAS are
extremely persistent and do not fully degrade under natural
conditions. This means that PFAS remains indefinitely in
the environment in some form (KEMI, 2021:16).

Perfluoroalkyl sulfonic acids (PFSA) and perfluorocar-
boxylic acids (PFCA), such as perfluorooctane sulfonate
(PFOS) and perfluorooctanoic acid (PFOA), respective-
ly, are the PFAS that have mainly been studied in the last
20 years (KEMI, 2021:13). Thus, for the majority of PFAS
and their effects on health and the environment, there is
a lack of knowledge. There are, however, strong reasons
to consider all PFAS as harmful to health (Bonato et. al.,
2020; Lohmann et. al., 2020; Fenton et. al., 2021). Studies
show that PFAS may affect reproduction, the immune sys-
tem, birth weight, cholesterol levels in the blood, and cause
cancer (Bonato et al., 2020; EFSA, 2020:3-9; ATSDR, 2021
Ch. 2; Fenton et al., 2021; Racz and Kempisty, 2021:3). Al-
though available epidemiological studies show this corre-
lation between exposure to PFAS and the mentioned health
risks, it has not yet been possible to establish a cause-and-
effect relationship for most of these health risks (ATSDR,
2021:26). Today, PFAS are found everywhere in the environ-
ment all over the world, and almost all people have PFAS in
varying degrees in their bodies® (KEMI, 2021:9).

Many PFAS have high water solubility, which, togeth-
er with their persistence, gives them high mobility and a
great potential for long-distance transport by water. Some
PFAS (e.g. fluorotelomer alcohols (FTOHs), perfluoro-
butanoate (PFBA)) can be released into the air from ma-
terials, production processes, incineration, wastewater
treatment, and landfills (Ahrens et al., 2011; Hamid and Li,
2016; MPCA, 2022; Bjorklund et al., 2023); and spread long
distances through the air, which constitutes an important
spread path to soil and surface water globally. This means
that PFAS, via atmospheric deposition, can also be added
to areas that otherwise have no influence from civilization
or direct sources, like arctic environments. PFAS can enter
groundwater by precipitation, irrigation, or flooding when
they are present in the soil. In groundwater, the contami-
nants, due to their relatively high tendency to dissolve in
water, can spread over long distances. Emissions to sur-
face water can occur via runoff from contaminated areas,
contaminated groundwater, emissions from, for example,
extinguishing operations, treatment plants, landfills, or at-
mospheric deposition (KEMI, 2021:34-36; Racz and Kemp-
isty, 2021:7-9).

PFAS has accumulated in both active and closed land-
fills due to decades of consumer use and subsequent dis-

posal of products, industrial waste, and sludge containing
PFAS (Bolan et al., 2021:120). Knowledge about the com-
position, concentrations, and waste streams of PFAS in
Sweden is often inadequate because only a few percent
of the Swedish landfills have been investigated regarding
PFAS. As a result, PFAS are spread to surrounding water
and soil, where they pose a threat to humans and the envi-
ronment for a long time to come (Miljésamverkan, 2022:3
and 8).

The aim of this paper is to analyze and problematize
the regulations regarding PFAS in water near landfills, with
a focus on leachate, in light of an updated risk assessment
of PFAS and the requirements for a non-toxic and healthy
environment. The study will highlight the strengths and
weaknesses of the environmental legal framework for
PFAS pollution at landfills in Sweden.

After the introduction, data on PFAS from Environmen-
tal Cooperation Sweden (Swe: Miljosamverkan Sverige)*
is presented to give an overview of PFAS findings at land-
fills in Sweden. Thereafter, the revision of the health-based
guideline value from the European Food Safety Authority
is briefly summarized to show a changed view of the risk
assessment of PFAS. This is followed by an account of the
regulation of PFAS on the international and European Union
(EU) level, with a particular focus on waste (landfill) and
water legislation. Lastly, the results are discussed and con-
clusions are presented.

2. MATERIALS AND METHODS

The analysis is based on a qualitative legal review of the
regulations for PFAS. A traditional legal method has been
applied, which in short means searching for a solution to
a legal problem by analyzing and interpreting current law
based on the generally recognized sources of law (Kleine-
man, 2018:21; Sandgren, 2009:118). The starting point for
the analysis has been a review of the international regula-
tion of PFAS. As an EU member state, Sweden is obligated
to fulfil the requirements of secondary EU law (i.e., direc-
tives, regulations, and decisions), which means that certain
areas of Swedish legislation are strongly influenced by EU
law and, in some cases, directly transferable. This applies
in particular to the waste and water legislation, as these
matters are to a large degree harmonized at the EU level,
thus limiting the possibilities for strictly national legislative
solutions. Consequently, the central focus of the analysis
has been relevant EU regulation, which has been followed
by national legislation. To gain a greater understanding of
the problem and the threat that PFAS in landfills poses to
human health and the environment, materials from various
authorities and organizations have also been studied.

3. PFAS UPDATE
3.1 Environmental Cooperation Sweden

With an emphasis on PFAS in leachate, Environmental
Cooperation Sweden established a case manager support
program for PFAS in landfills in January 2022. Measure-
ment data on PFAS in leachate from landfills, as well as in
surrounding groundwater and surface water, was collected
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from 165 Swedish landfills in different phases. Leachate
data was obtained from 117 landfills. The number of PFAS
analyzed varied between 1 and 34. The investigated land-
fills had not installed treatment technologies to effectively
remove PFAS. The general methods that existed for remov-
ing pollution were, for example, sedimentation ponds and
wetlands. PFAS were present in measurable levels in all
leachate samples, even after existing treatment methods.
Since PFAS hardly breaks down, existing treatment meth-
ods are not sufficient to effectively remove all PFAS (Mil-
josamverkan, 2022:9 and 12).

Furthermore, the results showed that surface water
and groundwater adjacent to the landfills contained PFAS,
often in concentrations that exceeded the Water Authori-
ty's assessment criteria (environmental quality standards
for water) for PFAS-11 and PFOS. Groundwater and sur-
face water bodies upstream of the landfills also contained
PFAS. This may be because the spread of PFAS from land-
fills is greater than estimated and/or that there are uncer-
tainties regarding the direction of the water flow. A more
likely reason is however that there are other sources of
PFAS within the catchment area. High concentrations of
PFAS found in groundwater and surface water were often
also found in high concentrations in leachate (Miljosam-
verkan, 2022:13). Figure 1 shows some highlights of the
project findings.

PFAS with the highest concentrations in leachate were
PFBA, PFBS, PFPeA, PFHxA, and PFOS, with a maximum
concentration that varied between 22800 and 74600 ng/L
and a mean value that varied between 427 and 1242 ng/L.
The most common PFAS in leachate were PFHxA, PFOA,
PFOS, PFPeA, and PFHpA, with a detection frequency
between 96 and 99%, and PFHxS, PFBS, and PFBA had
a detection frequency between 89 and 94%. At least one
PFAS was present in 83-84% of all examined surface and
groundwater. With a detection frequency of 53-71%, eight
PFAS—PFOS, PFOA, PFHxA, PFBA, PFHxS, PFHpA, PFPeA,
and PFBS—were discovered in more than half of the sur-
face and groundwater samples analyzed (Miljsamverkan,
2022:10-13).

3.2 European Food Safety Authority guideline value

The European Food Safety Authority (EFSA) has previ-
ously carried out a risk assessment of PFOS and PFOA.
In 2008, a so-called tolerable daily intake (TDI) was de-
termined, based on animal studies, of 150 ng/kg of body
weight and day for PFOS and 1500 ng/kg of body weight
and day for PFOA. The TDI corresponds to the amount
of these substances that a person can ingest every day
throughout their life without risking any impact on health
(EFSA, 2008:2-4).

According to EFSA's 2020 intake estimates, the weekly
exposure of the European population to per-weekly PFAS
exposure ranges from 3 to 22 ng/kg of body weight. Fish,
fruit, and eggs were the foods that contributed the most to
exposure to PFAS. In areas with PFAS-contaminated water,
exposure to PFAS via drinking water can be a significant
source (EFSA, 2020:39 and 147).

EFSA has updated its risk assessment of PFAS based
on epidemiological studies and their effect on the immune
system. In the latest evaluation from 2020, a joint tolera-
ble weekly intake (TWI) is specified for four different PFAS:
PFOA, PFNA, PFHxS, and PFOS. The assumption is that
these PFAS have similar properties and are equally toxic.
The evaluation states an overall TWI of 4.4 ng/kg of body
weight per week. The TWI value is the exposure level one
should maintain throughout one’s lifespan (EFSA, 2020:7-8).

4. RESULTS
4.1 Global regulation on PFAS

The first reports on the risk and harm of PFAS came in
the early 2000s (Giesy and Kannan, 2001; Hansen et. al.,
2001). Since then, techniques have been created and are
still being developed to, among other things, detect lower
concentrations of PFAS in water. This has created a greater
awareness of the problem with PFAS.

At the global level, the relevant instrument is the 2001
Stockholm Convention on Persistent Organic Pollutants
(‘Stockholm Convention’). The convention aims to protect
human health and the environment from the harmful ef-
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FIGURE 1: PFAS-11 found in leachate, groundwater, and surface water (Miljésamverkan, 2022:10 and 13).
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fects of persistent organic pollutants (POPs) by prohibit-
ing, phasing out, or limiting the use and production of listed
substances, but also to limit or eliminate, where possible,
emissions of unintentional byproducts. In addition to pro-
duction and use, the convention also covers waste man-
agement and environmental monitoring (UN, 2001; UNEP,
2020). PFOS, its salts, and related substances were added
to the annex of the convention in 2009 (UNEP, 2009). In
2019, the annex was updated based on new assessments
on PFOS, adding PFOA, its salts, and related substances to
the list (UNEP, 2019a; UNEP, 2019b). The latest PFAS addi-
tion to the convention was made in 2022 with perfluorohex-
anesulfonic acid (PFHxS), its salts, and related substances
(UNEP, 2022). Compliance with the convention would imply
a global phase-out of these three PFAS and their substanc-
es. Considering the risk profile and the risk management
evaluation of PFAS, we can expect more PFAS to be added
to the list in the future. Already, there is a proposal to in-
clude long-chain (C9-C20) perfluorocarboxylic acids (PF-
CAs), their salts, and related compounds in the Stockholm
Convention Annex (UNEPR, 2021).

4.2 EU regulation on PFAS

The first EU legal act relating to one PFAS substance
was adopted in 2006 with regard to restrictions on the
marketing and use of certain dangerous substances and
preparations. Even if PFOA were suspected to have a sim-
ilar risk profile, it was PFOS that were first regulated to be
restricted based on the assessment that PFOS are persis-
tent, bioaccumulative, and toxic to mammalian species (Di-
rective 2006/122/EC, Recitals 1 and 7).

The Stockholm Convention’s requirements for limiting
PFOS, PFOA, PFHxS, and substances that can be broken
down into these substances have been introduced into EU
legislation through the Regulation on Persistent Organic
Pollutants (‘the POPs Regulation’). The POPs Regulation
aims to protect human health and the environment by elim-
inating, phasing out, or limiting the production and use of
POPs, as defined in the Stockholm Convention or the Pro-
tocol to the 1979 Convention on Long-Range Transbounda-
ry Air Pollution on Persistent Organic Pollutants (CLRTAP)
(Regulation (EU) 2019/1021, Article 1 and Annexes; Reg-
ulation (EU) 2022/2400). Since PFOS, PFOA, and PFHxS
are included in the POPs Regulation, they are prohibited
to manufacture, place on the market, and use within the
EU, except for certain special exceptions, including use for
laboratory-scale research. The objective is to control waste
that contains or is polluted by POPs and to reduce, if at
all possible, POP emissions. The aim and objectives of
the regulation have been formulated with the precaution-
ary principle in mind, which means that a lack of scientif-
ic agreement regarding the risk of damage caused by the
POPs must not mean that precautionary measures are not
taken (Regulation (EU) 2019/1021, Articles 1, 3, and 4; Reg-
ulation (EU) 2022/2400).

Producers or holders of waste must, as far as possi-
ble, avoid contamination of the waste with the substances
listed in Annex IV of the regulation. To ensure that the POP
content is destroyed or irreversibly transformed, contam-
inated waste must, in most cases, be disposed of or re-

covered quickly (Regulation (EU) 2019/1021, Article 7). It
is the responsibility of each Member State to ensure that
the production, collection, and transport of contaminated
waste, as well as its storage and treatment, is carried out
under conditions that protect human health and the envi-
ronment (Regulation (EU) 2019/1021, Article 7(6); Directive
2008/98/EC, Article 17).

The presence of PFAS in waste is regulated by limit val-
ues (Regulation (EU) 2019/1021, Annex IV). Since Novem-
ber 2022, limit values for PFOA and PFHxS have been add-
ed to the annex following the addition of these substances
to the Stockholm Convention (Regulation (EU) 2022/2400).

The POPs Regulation Annex IV shows a Low POP Con-
tent Level (LPCL), and Annex V shows a Maximum POP
Content Level (MPCL). When waste contaminated with
POPs is to be destroyed or irreversibly transformed, the
LPCL is specified in concentrations, in mg/kg. For PFOS
and its derivatives, the limit value is 50 mg/kg; for PFOA
and its salts, T mg/kg; for PFOA-related compounds, 40
mg/kg; for PFHxS and its salts, 1 mg/kg; and for PFHxS-re-
lated compounds, 40 mg/kg (Regulation (EU) 2019/1021,
Annex IV; Regulation (EU) 2022/2400). If the waste has a
level between LPCL and MPCL, it can be stored permanent-
ly in a bedrock formation, salt mine, or landfill for hazard-
ous waste, provided that the waste has been stabilized and
a decision has been made by the appropriate national au-
thority (Regulation (EU) 2019/1021, Annex V). In Sweden,
the appropriate national authority is the Swedish Environ-
mental Protection Agency (SEPA).

Exemptions from the regulations pertaining to the de-
struction or irreversible transformation of PFOA and PF-
HxS in accordance with the higher levels in Annex V may
be requested if there is a lack of accessible technology and
the application is environmentally appropriate. According
to SEPA’s interpretation, it is not possible to grant such a
dispensation for waste contaminated with PFOS since the
upper and lower limits for PFOS are the same. All waste
containing more than 50 mg PFOS/kg dry matter must be
destroyed or irreversibly transformed. This means that the
waste must be handled in such a way that PFOS is not at
risk of spreading further, e.g., through incineration. In this
case, recycling or disposal methods are not allowed, as
this may lead to further contamination of the waste. How-
ever, waste containing less than 50 mg PFOS/kg dry matter
needs to be disposed of or go through recovery operations
in a manner that is compatible with current EU regulations.
In general, if the waste contains concentrations below the
LPCL of the respective POP substance, it does not need to
be destroyed or irreversibly transformed. The waste must
instead be recycled or disposed of in a way that is compat-
ible with the appropriate EU legislation and gives the best
results for the environment (Regulation (EU) 2019/1021,
Annexes IV-V; SEPA, 2023; SEPA, 2024).

4.3 Landfills and PFAS regulation

The main Swedish regulation on waste landfills is the
Ordinance (2001:512) on landfilling. This ordinance was
adopted to incorporate the requirements of the EU Direc-
tive 1999/31/EC on the landfill of waste in Swedish law.
The latter aims to prevent, or where possible reduce, the
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negative effects that landfills have on land, air, surface wa-
ter, groundwater, and human health (Article 1). To support
the EU’s transition to a circular economy, the directive was
amended in 2018 (Directive (EU) 2018/850, Recital 2). One
goal of the directive is to limit the proportion of landfilled
municipal waste to 10% by 2035 at the latest (Directive
1999/31/EG; Directive (EU) 2018/850, Articles 1 and 5(5)).
A couple of key points in the directive are that Member
States must implement national strategies to try to reduce
the amount of biodegradable waste going to landfills; only
waste that has been treated may be deposited; and landfill
owners must apply for a permit, which, among other things,
must include information on methods to prevent and re-
duce pollution (Directive 1999/31/EG, Articles 5(1), 6(a)
and 7; Directive (EU) 2018/850).

After a landfill is closed, it continues to affect its sur-
roundings for a very long time. To limit the leakage of
leachate, EU requirements for the final landfill cover are,
in Sweden, transposed into the Ordinance (2001:512) on
landfilling. As an example, the final cover for landfills for
hazardous waste must be designed so that the amount
of leachate passing through the cover does not exceed 5
L/m? per year. It is the operator’s responsibility to ensure
that the limit is not exceeded. Landfills in operation must
be protected against surface and groundwater entering the
landfill (Swedish Ordinance 2001:512, Para. 23 and 31).

There are three categories of landfills. The division is
based on the type of waste that is landfilled: hazardous
waste, non-hazardous waste, and inert waste (Directive
1999/31/EG, Article 4; Swedish Ordinance 2001:512, Para.
7). A correct classification of the waste is important. To
assess whether a waste has hazardous properties, Annex
[l to Directive 2008/98/EC on waste (‘the Waste Frame-
work Directive’) is applicable (Swedish Waste Ordinance
2020:614, Ch. 2 Para. 2). When a waste contains a sub-
stance that is classified with at least one of the hazard
class codes found in Annex Ill of the Waste Framework Di-
rective, it shall be classified as hazardous waste. The sub-
stance PFOS is reproductively toxic (H 10), and the limit
for when waste with PFOS content must be classified as
hazardous is therefore set at 0.3% (3000 mg/kg). The lim-
it for when a waste is classified as hazardous in terms of
PFOS, PFOA, and PFHXxS can thus be significantly higher
than what follows from the requirements for destruction
or irreversible conversion according to the POPs regulation
(SEPA, 2023).

SEPA’s regulations on disposal, criteria, and proce-
dures for receiving waste at waste disposal facilities (NFS
2004:10)° contain acceptance criteria and limit values for
waste that is deposited. The regulation currently has no ac-
ceptance criteria for any PFAS substance. However, before
waste is deposited, the operator must have acquired as
much knowledge as possible of the waste’s composition,
leachability, and other properties, as well as the effects of
the waste in general and in the long term (Swedish Ordi-
nance 2001:512, Para. 16).

Waste that contains pollutants that lack acceptance
criteria must nevertheless be examined to assess whether
it meets the landfill class in which it has been classified
(NFS 2004:10, Para. 4). The limit values for PFOS, PFOA,

and PFHxS, according to the POPs regulation, must there-
fore be taken into account when receiving waste at a land-
fill. There are no general guidelines on what requirements
should be set for any substance in leachate that, after local
treatment, is released to the recipient or is led to a sew-
age treatment plant. However, the landfill owner must have
knowledge of the PFAS levels found in leachate leaving the
landfill. Special precautions such as stabilization, covering
of the masses, deposition in separate cells, etc. may be
necessary. These measures must be assessed and tested
in each individual case, in keeping with the precautionary
principle. Conditions are set for each landfill during the per-
mit assessment in accordance with the Swedish Environ-
mental Code (SEC) (SEPA, 2023).

With the support of Ch. 9 SEC and the Swedish envi-
ronmental assessment ordinance (2013:251) regarding
environmentally hazardous activities and health protec-
tion, a permit for landfill operations may be granted. The
application for a permit is assessed based on the general
rules of consideration, according to which requirements for
knowledge, caution and resource management can be set,
and results in concrete conditions for landfill operations
(Ch. 2 SEC). Common conditions include that leachate
from the facilities must be collected and stored in ponds,
and the impact of the emissions on the recipient must be
controlled. Landfilling can also constitute water operations
that, in connection with the design of landfills and the han-
dling of leachate, may be subject to a permit or notifica-
tion requirement following Ch. 11, s. 9 and 9a SEC. The
leachate itself is considered waste (Swedish Ordinance
2020:614, Annex II).

There are currently only a few landfills that have condi-
tions in their permits for the release of PFAS. According to
Environmental Cooperation Sweden, there are only condi-
tions or probationary conditions regarding PFOS for three
landfills in Sweden. In these cases, the PFOS content in
outgoing water must not exceed 80-100 ng/L. The project
team currently assesses that around 20 ng/L of PFAS in
outgoing leachate can be seen as a benchmark for when
the supervisory authority should require an investigation of
appropriate measures. However, an assessment should be
made in each individual case. Lower levels may be appro-
priate for a particularly sensitive recipient, and higher levels
may be acceptable under certain conditions (Miljosamver-
kan, 2022:26 and 35).

The situation is, however, largely characterized by the
absence of clear guidelines for the authorities. On top of
that, in the few cases where limit values have been set,
there is disagreement regarding what the appropriate level
is. An example is the judgement from 2021 of the Swed-
ish Environmental Court of Appeal in case M 2164-19. The
case concerned conditions for a landfill, where the Coun-
ty Administrative Board in Jonkoping County demanded a
limit value for PFOS of 20 ng/L to ensure that there is no
deterioration of the status of the water body with regard
to PFOS and the environmental quality standards (EQS)
based on calculations of dilution in the recipient. In their
judgment, the court issued provisional regulations stating
that the PFOS content as an annual average may not ex-
ceed 80 ng/L in outgoing treated water.
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In the event that no limit values are set, the supervisory
authority always has the opportunity to issue injunctions
and prohibitions that are needed in an individual case, with
the support of Ch. 26 and Ch. 2 SEC. The supervisory au-
thority could, for example, issue an injunction for control of
a waste facility and its leachate.

For waste treatment facilities, there are requirements
according to the EU’s Best Available Technique (BAT) con-
clusions for waste treatment (Decision (EU) 2018/1147).
These provisions are mainly implemented through the
Swedish Industrial Emissions Ordinance (2013:250). Ac-
cording to the BAT conclusions, PFOS and PFOA in water
discharges from waste treatment facilities must be mon-
itored once every six months (Decision (EU) 2018/1147,
Annex). The BAT conclusions apply in parallel with the re-
quirements following the permit assessment. A specific
BAT requirement is also enshrined in the SEC, which means
that requirements regarding BAT can be set based on both
the SEC (Ch. 2 Para. 3) and the BAT conclusions.

A number of Swedish sewage treatment plants receive
leachate from landfills. The measures required for these
plants are based on the requirements set according to the
voluntary certification system Revaq®. Normally, leachate
from landfills should not be connected to Revaqg-certified
sewage treatment plants; instead, the leachate must be
disconnected, and reconnection is not permitted after the
certificate is granted. To be allowed to maintain a connec-
tion to a certified sewage treatment plant, the disconnec-
tion must lead to the raw water protection being damaged
or a recipient for the leachate being missing, at the same
time as the leachate must be purified to an acceptable lev-
el according to the Revaq manual for assessment of lea-
chate. So far, the manual only contains levels and tolerable
allowances for PFOS’ (Allmyr and Sternbeck, 2017:4, 8, and
12; Miljosamverkan, 2022:34).

4.4 Water and PFAS regulation

The EU Water Framework Directive (WFD) was adopted
in 2000 and aims to protect and improve all water within the
EU (Directive 2000/60/EC). The directive is supplemented
by three subsidiary directives: The Priority Substances Di-
rective (Directive 2013/39/EU), which specifies limit values
and regulates 45 priority substances to be investigated
in water management; the Groundwater Directive (Direc-
tive 2006/118/EC), containing criteria for assessing good
chemical groundwater status and for detecting and revers-
ing upward trends in the occurrence of contaminants; and
the Drinking Water Directive (Directive 2020/2184). In Swe-
den, the WFD was introduced into Swedish legislation in
2004 through Ch. 5 SEC, the Swedish Ordinance (2004:660)
on management of the quality of the water environment,
and the Swedish Ordinance (2017:868) with county board
instructions.

Based on the WFD, the Water Authorities® in Sweden
have established EQS for the priority substances that are
specified in the Priority Substances Directive, which only
lists one PFAS, PFOS. The Swedish Agency for Marine and
Water Management has, among other things, the task of
protecting, restoring, and ensuring that fresh water and sea
resources are used sustainably. In their regulation (HVMFS

2019:25), an EQS for PFOS in surface water is set to 0.65
ng/L as an annual average value (Annex 6), while for sur-
face water that is a source of drinking water, there is an EQS
for PFAS-11 at 90 ng/L (Annex 5(4)). These limit values are
legally binding for the water authority’s risk, status, and ac-
tion assessments. Leachate is mainly formed by rainwater
that infiltrates the landfill, but in old landfills, ground and
surface water seep into the landfill and thus form leachate.
If the soil beneath the landfill is unsaturated with moisture,
such as in an inflow area, the leachate can infiltrate through
the soil, and in this way, some contaminants are retained in
the soil while others are transported further and risk con-
taminating the groundwater (SEPA, 2008:5).

When it comes to PFAS in groundwater, in 2016, the Wa-
ter Authorities produced EQS for the total concentration of
PFAS-11. At a concentration above 90 ng/L, the groundwa-
ter body was considered to have an unsatisfactory status.
Already at 18 ng/L, i.e., at a concentration sum of 20% of
the EQS, measures were to be taken to reverse the trend
(SGU-FS 2013:2; Swedish Water Authorities, 2016). In 2022,
the European Commission presented a proposal for a revi-
sion of the WFD, the Priority Substances Directive, and the
Groundwater Directive with the aim of improving the pro-
tection of EU citizens and the environment by, among other
things, enabling a faster process of inadequately manag-
ing chemical threats (European Commission, 2022). From
March 2023, a new general threshold value for PFAS in
groundwater applies within the Swedish water administra-
tion, which is based on the commission’s proposal. In the
Geological Survey of Sweden'’s regulation on mapping, risk
assessment, and classification of groundwater status, it is
established that the new general threshold value pertains
to the weighted sum of PFAS-24 and is set at 4.4 ng PFOA
equivalents/L. The threshold value means a total sum of all
PFAS content after these have been individually convert-
ed to PFOA equivalents based on the substances’ toxicity
factors (SGU-FS 2023:1, Annex 3). This threshold value has
no legal effect but will exist as support for the Water Au-
thorities in their work. The guidelines decided by the Water
Authorities for the sum of PFAS-11 are legally valid until
2027 at the latest when the Water Authorities next decide
on threshold values (KEMI, 2023a:2).

At the end of 2020, a new directive (2020/2184) on
the quality of water intended for human consumption was
adopted. The goal is to protect human health from the
harmful effects of all kinds of contamination of drinking
water (Recital 2). Limit values for PFAS-20 were introduced
in the directive (Annex lll, Part B). Member States must
have taken the necessary measures by January 12, 2026,
at the latest to ensure that the drinking water is compatible
with the new, legally binding limit values (Article 25). It is
estimated that around 20 million people in Europe may be
exposed to drinking water with higher PFAS levels than the
new recommended limit values determined within the EU
(KEMI, 2023b).

In the new drinking water directive, a parameter value
of 100 ng/L is set for PFAS-20 (Directive 2020/2184, Annex
I, Part B). This legislation entered into force in Sweden on
January 1, 2023, and applies to municipal drinking water
and drinking water from public and commercial business-
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es (LIVSFS 2022:12, Para. 2). The Swedish Food Agency’s
previous, non-legally binding recommendations for drink-
ing water referred to PFAS-11, with an action limit of 90
ng/L and an upper guideline value for when you should
avoid drinking the water of 900 ng/L (Swedish Food Agen-
cy, 2021:10). Based on EFSA's statement from 2020, Swe-
den has now chosen to set a national guideline value of 4
ng/L for PFAS-4 and 100 ng/L for PFAS-21, applicable from
January 1, 2026 (LIVSFS 2022:12, Annex 1). As a compar-
ison, it can be mentioned that the Danish Environmental
Protection Agency has chosen to lower the limit value to 2
ng/L for PFAS-4 (Danish Miljgministeriet, 2021).

In 2013, it was discovered that the drinking water for
residents in Kallinge, in southern Sweden, and the sur-
rounding area and the northwestern parts of Ronneby mu-
nicipality were contaminated with high levels of PFAS. The
contamination had spread from a nearby fire drill area to
the ground, the groundwater, and on to the drinking water.
The levels of PFAS measured in the drinking water were
among the highest measured in the world, at 10,380 ng/L.
A group of 165 people came together to sue the municipal
water company for the health risks of living with high levels
of PFAS in the blood. Ten years later, in December 2023,
the Swedish Supreme Court announced that the municipal
water company was responsible for personal injuries in the
form of elevated levels of PFAS in the blood, which means
physical deterioration of the body, and must therefore com-
pensate the plaintiffs (Case T 486-23).

5. DISCUSSION

In this paper, we have highlighted the legal situation re-
garding PFAS in landfills. We have focused on the regulation
of waste and water in Sweden. This includes an analysis
of the functionality of the legislation when it comes to the
management of PFAS in landfills in relation to the overarch-
ing goal of protecting human health and the environment.

When it comes to the specific legal regulations around
PFAS and landfills, the study points to some central prob-
lems: (1) production, we continue to send waste containing
PFAS to landfills; (2) old landfills, which are not in use but
pose a high risk of spreading PFAS; (3) landfills in opera-
tion, which comply with current regulations but have large
concentrations of PFAS in their leachate (and surrounding
water); and (4) PFAS propensity for long-range dispersion.
What we have concluded is the following:

The precautionary principle is a well-established prin-
ciple that permeates both international, EU, and national
law. The principle briefly means that precautionary meas-
ures must be taken when an activity poses a risk to human
health or the environment. It goes along with the idea that
it is “better to be safe than sorry” and entails that although
scientific evaluations cannot assess the risk with certainty,
precautionary measures should be taken to avoid a poten-
tially hazardous effect of, for example, a product or pro-
cess. Provided that measures taken are proportionate to
the desired level of protection, it is not discriminatory and
is consistent with previous measures in similar situations
(Pettersson & Johansson, 2022). We do not have knowl-
edge about all PFAS, but we do know that PFAS are per-

sistent in the environment, bioaccumulative and that some
may be toxic to humans and animals. Although PFAS may
not cause acute problems, we know that long-term expo-
sure implies a high risk of several serious health problems
in humans. Despite this, so far, only three PFAS are banned
within the EU. Moreover, there is no comprehensive leg-
islation that covers all PFAS; instead, individual PFAS are
regulated at different legislative levels. Often, when an
individual PFAS is regulated, that substance is replaced
with another unregulated PFAS. There are simply too many
substances, and the process of deciding whether to add a
substance to a restriction or ban list takes too long. In that
way, the legislation has no effect when it comes to reduc-
ing the risk.

There are currently two EU proposals submitted re-
garding PFAS. One of the proposals concerns banning
PFAS in fire-fighting foam (ECHA, 2022), and the other is
a restriction proposal that intends to treat PFAS as a group
and manage PFAS uniformly within the EU (ECHA, 2023).
Fire-fighting foam containing PFAS has caused serious en-
vironmental contamination, both of soil and drinking water.
The proposal to ban PFAS in fire-fighting foam would mean
that no further PFAS are spread in that way. What remains
is the problem of contamination that already exists and that
needs to be managed. If we do not act, it is estimated that
around 4.4 million tons of PFAS will end up in the environ-
ment in the next 30 years (ECHA, 2023). The proposal to
treat PFAS as a group would prevent the problem of one
substance replacing another as soon as one is restricted.
The positive effects of PFAS restrictions are already no-
ticeable, and the concentrations of PFOS seem to have
decreased on the Swedish west coast. Studies from the
national monitoring program for environmental toxins in bi-
ota showed a decrease in PFOS levels in herring liver at the
sampling station Fladen during the period 2004-2016 (Bign-
ert et al,, 2017:286). However, even if PFAS are banned or
restricted from now on, the problem of contaminated waste
will remain for a long time. The waste that we have already
generated will not disappear. We must thus both reduce the
PFAS emissions that occur today and find ways to handle
PFAS pollution from existing sources, such as landfills.

This brings us to the problem of environmental risks
associated with old landfills that are not in operation. It is
estimated that there are several thousand older landfills
in Sweden that were closed before the current regulation
came into force. These have been closed according to ear-
lier, and much lower, requirements for landfilling or before
requirements for protective measures even existed. As a
result, the environmental protection surrounding these
landfills is generally very low. As an example, there is no or
only limited monitoring of leachate (SGI, 2014:13). The re-
sponsibility to inventory closed landfills and assess the risk
to human health and the environment lies with the munici-
palities (NFS 2020:6, Para. 17). Although this work must be
included in each municipality’s waste plan, the pace of the
inventory varies between municipalities because it can be
costly, it requires commitment, and it is not clear how the
risk assessment should be made or how the result should
be implemented. Another issue concerns who can be held
legally responsible for the remediation of a contaminated
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area. Even if the starting point is the Polluter Pays Principle
(PPP), it is in practice often complicated to, for example,
determine who is the polluter, or to find the polluter. This
will however not be discussed further here.

The previously set EQS for PFOS and PFAS-11 are ex-
ceeded in some water bodies today. This entails the risk
that PFAS contaminates our ground and drinking water and
that the problem may increase over time. This brings us to
the problem of active landfills that comply with current reg-
ulations but that, despite this, still have high levels of PFAS
in their leachate, which spreads to the surrounding waters.
The regulation for PFAS in waste only regulates three PFAS
so far, and the threshold for waste to be considered haz-
ardous is high. As there are no national guidelines for treat-
ment and permit levels for PFAS in leachate, it is difficult
for the authorities to regulate PFAS in the operator’s permit,
although it has become more common for authorities to
request measurements of PFAS in leachate and recipients.
It is important to set requirements for supervision and con-
trol of PFAS, and the regulation needs to be both clearer
and more uniform. These shortcomings point to the neces-
sity of information regarding PFAS, including education,
innovation, and voluntary measures.

The problems with PFAS contamination have gained in-
creasing attention lately. In addition to the fact that the me-
dia has been diligent in reporting and informing about what
PFAS is and how it spreads, there are regularly published
news stories such as “Swedish crayfish can be stopped—
too high levels of Pfas”, which made headlines in Sweden
during the crayfish season in August 2022. Another inter-
esting headline from March 2023 was “New research: 43
types of PFAS in common toilet paper”®. There is also a
great focus and interest in research, both in conducting
studies of PFAS effects and in the development and evalu-
ation of various treatment techniques, not least within the
waste industry. In addition to legal measures, voluntary
measures and actions will be crucial to achieve sustain-
able development for future generations and to meet both
national and EU environmental goals such as a toxic-free
environment, responsible management of chemicals and
waste, and good health and well-being.

Environmental Cooperation Sweden has reported that
in Sweden there is currently only one full-scale waste man-
agement facility that treats PFAS in leachate, but that sev-
eral new ones are in the works. At the Telge Recycling plant
in Sodertélje, Sweden, they use foam fractionation, and the
degree of leachate purification is at least 90% for 6:2 FTS,
PFDA, PFHpA, PFHxS, PFENA, PFOA, and PFOS. However,
for PFBA, which is a short-chain substance that occurred
in the highest concentrations but was also one of the most
common in the project findings, the degree of purification
was 0% (Miljosamverkan, 2022:28). This shows that differ-
ent purification techniques are effective for different PFAS,
and to achieve an acceptable result, a combination of sev-
eral techniques may be required, and this needs to be fur-
ther studied. This is crucial to subsequently be able to set
conditions on treatment in the landfill's permit.

The last problem we intend to highlight is the fact that
PFAS tend to travel long distances, both via air and water.
PFAS is thus an international problem, and concerted ef-

forts to deal with the problems that these substances cause
are necessary. A study from 2022 shows that the levels of
PFAS in rainwater often exceed both the US Environmental
Protection Agency Lifetime Drinking Water Health Advisory,
the Danish limit value for drinking water, and the EQS for
EU surface water (Cousins et. al., 2022). Since leachate is
mainly caused by rainwater infiltrating landfills, the fact that
rainwater contains high concentrations of PFAS is a serious
problem. This circles us back to the problem (1) of produc-
tion and the importance of regulating the use of PFAS al-
ready at the production stage to try to reduce the load, and
the risk it poses, with the concentrations that are now in the
environment. Chemicals are needed in our society, but to
achieve environmental goals, chemical policy must be re-
formed, and innovative chemistry must be encouraged.

6. CONCLUSIONS

The revision of the health-based guideline value from
EFSA (EFSA, 2020) shows that PFAS are more dangerous
than previously estimated and that it is crucial that the risk
of long-term exposure to PFAS is minimized. Most of the
Swedish assessment bases for limit and guideline values
build on EFSA’s tolerable daily intake for PFOS from 2008
(EFSA, 2008), and these need to be updated. Today, three
PFAS in waste are regulated through the EU Regulation on
Persistent Organic Pollutants (2019/1021), and to assess
whether a waste has hazardous properties, Annex Il to Di-
rective 2008/98/EC on waste is applicable. The problems
with PFAS are receiving more and more attention, not least
in the waste industry, with the development and evaluation
of effective purification techniques.

Since it takes time to implement updates within the le-
gal system, a large responsibility is placed on the authori-
ties that assess and issue permits for water operations or
environmentally hazardous activities, including landfills.
While it is possible to regulate purification and permitted
levels of PFAS in leachate through conditions in permits for
water operations and environmentally hazardous activities
in accordance with the Swedish Environmental Code, this
opportunity is rarely used. Here, a change needs to take
place; acceptable levels of risk based on scientific knowl-
edge need to be established, and the assessment of indi-
vidual permits needs to be aligned with these requirements.

From a global perspective, international treaties and
agreements provide a framework for countries to work
together to address the environmental and health risks
associated with PFAS. However, there is a need for more
research on the global impact of PFAS contamination and
the effectiveness of international agreements, such as the
Stockholm Convention, in addressing these issues. It will
require more collaboration and learning from each other as
we move forward.
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T All environmentally hazardous activities that require a permit in accor-
dance with Ch. 9 of the Swedish Environmental Code must submit an en-
vironmental report every year to the Swedish County Administrative Board.
Environmental reporting aims to monitor and follow up on businesses ad-
herence to the conditions specified in their applicable permit, as well as
enable them to enhance their environmental work (Swedish Environmental
Code, Ch. 26 Para. 20).

2 Swedish database with a manager’s guide on contaminated areas. Every-
thing from modern landfills in operation to smaller, closed landfills is regis-
tered. EBH-portal is operated by the Swedish County Administrative Boards.
https://www.ebhportalen.se/.

3 As an example, in 2013, among the world’s highest levels of PFAS were
measured in people in Kallinge, Sweden. The highest level was 1800 ng/
ml, the lowest level was 91 ng/ml, and the average level was about 600 ng/
ml. A “normal” person can have about 10 ng/ml of PFAS in the body (Case
T 486-23).

4 A collaboration between county administrative boards, the Swedish En-
vironmental Protection Agency, the Swedish Board of Agriculture, and the
Swedish Agency for Marine and Water Management. The goal of the coa-
lition is to increase consensus between the different county administrative
boards and thereby create a more uniform exercise of authority through su-
pervisory guidance, supervision, and assessments in the area of Swedish
environmental law.
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(Council Directive 1999/31/EC of 26 April 1999 on the Landfill of Waste) and
the Council Decision of 19 December 2002 on procedures for the reception
of waste at landfills in accordance with Article 16 and Annex Il to Directive
1999/31/EC. The directive is a minimum directive, and the established ac-
ceptance criteria are not exhaustive.

% Revaq is a certification system that aims to improve the quality of plant
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age treatment plants.
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uated in leachate is set at 5 ng/L. The assessment system is based on how
leachate affects the sludge quality and its risk of negative effects on health
and the environment. In sludge, PFOS is set at a low risk level of 0.12 mg/kg
dry substance (Allmyr and Sternbeck, 2017:8 and 12).

8 Sweden is divided into five different water districts, based on the borders
of the major sea basins and catchment areas, and in each district, the gov-
ernment has appointed one of the County Administrative Boards to act as
water district authority. https://www.vattenmyndigheterna.se/om-vatten-
myndigheterna.html (accessed 2023-06-02).
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