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Summary

On behalf of the Swedish Environmental Protection Agency, this study aimed to
report and synthesize available environmental monitoring and human exposure
data for substances recently listed under the Stockholm Convention on Persistent
Organic Pollutants (POPs): PFHxXS and its related compounds (listed in 2022),
Dechlorane Plus and methoxychlor (2023), and chlorpyrifos, LC-PFCA, MCCP and
UV-328 (2025).

This report consolidates existing Swedish monitoring data, screening results and
published research, report temporal trends where possible, and recommends
which substances merit periodic screening or continuous long-term monitoring in
different environmental matrices. Data were collected primarily from Swedish
national monitoring databases, supplemented by risk profiles from the POPRC
(Persistent Organic Pollutants Review Committee) and scientific literature.

International data were used for comparison and to fill gaps.

Results showed that data coverage varies considerably. PFHxS and LC-PFCA are
the most comprehensively monitored, with clear evidence of long-range transport
and bioaccumulation. MCCP, chlorpyrifos and Dechlorane Plus are well covered in
air and deposition but more sparsely elsewhere, while data on UV-328 and
methoxychlor remain scarce, with most Swedish measurements below detection

limits despite confirmed international occurrence.

For all studied substances we recommend a combination of continued monitoring,
targeted monitoring and periodic screening to track the effects of these substances'
inclusion in the Stockholm Convention. We identified notable data gaps for
methoxychlor in all matrices, and also for UV-328 and MCCP in soil, biota and
human exposure. Human matrices (for example blood, serum and breast milk)

were the least reported for these substances in Swedish databases.
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Sammanfattning

Pa uppdrag av Naturvardsverket syftade denna studie till att redovisa och
sammanstilla tillgdngliga data fran miljoovervakning och humanexponering for
dmnen som nyligen listats under Stockholmskonventionen om langlivade
organiska fororeningar (POPs): PFHXS och dess relaterade féreningar (listade
2022), Dechlorane Plus och metoxiklor (2023), samt klorpyrifos, LC-PFCA, MCCP
och UV-328 (2025).

Rapporten sammanstéller befintliga svenska 6vervakningsdata, screeningresultat
och publicerad forskning, redovisar tidstrender dar s& ar mojligt och ger
rekommendationer om vilka &mnen som motiverar periodisk screening eller
kontinuerlig langsiktig 6vervakning i olika miljomatriser. Data inhdmtades framst
fran svenska nationella 6vervakningsdatabaser, kompletterade med riskprofiler
fran POPRC (Persistent Organic Pollutants Review Committee) och vetenskaplig
litteratur. Internationella data anvéandes for jamforelse och for att fylla

kunskapsluckor.

Resultaten visade att datatdckningen varierar avsevart. PFHxS och LC-PFCA ar de
mest heltdckande 6vervakade @mnena, med tydliga beldgg for langvaga transport
och bioackumulering. MCCP, klorpyrifos och Dechlorane Plus &r val tackta i luft
och deposition men mer sparsamt i 6vriga matriser, medan UV-328 och metoxiklor
ar undersokta i begransad omfattning, med flertalet svenska métningar under

detektionsgrédnsen trots bekraftad internationell forekomst.

For samtliga studerade &mnen rekommenderar vi en kombination av fortsatt
overvakning, riktad overvakning och periodisk screening for att folja effekterna av
att dessa @mnen inkluderats i Stockholmskonventionen. Vi identifierade betydande
kunskapsluckor for metoxiklor i samtliga matriser, men aven for UV-328 och
MCCP ijord, biota och humanexponering. Matriser f6or humanexponering (sasom
blod, serum och bréstmjolk) var de minst rapporterade f6r dessa d&mnen i svenska

databaser.
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1 Introduction

1.1 Background and Aim

Background
At the 10% meeting of the Conference of Parties (COP), held in June 2022, the
following compounds were amended to Annex A:
e Perfluorohexane sulfonic acid (PFHXxS), its salts and PFHxS-related
compounds (decision SC-10/13).

In May 2023, at the 11t meeting of the COP, the following compounds were
amended to Annex A:

e Dechlorane Plus (decision SC-11/10)

e Methoxychlor (decision SC-11/9)

And at the 12 meeting, held in April 2025, the COP amended Annex A to list the
following compounds:
e Chlorpyrifos (decision SC-12/9)
e Long-chain perfluorocarboxylic acids, their salts and related compounds
(LC-PFCA) (decision SC-12/12)
e Medium-chain chlorinated paraffins (MCCP) (decision SC-12/10)
o UV-328 (decision SC-12/14)

Aim

The aim of this project is to compile and synthesize available information on the
most recently listed substances under the Stockholm Convention, as listed above.
This includes a literature review to consolidate existing Swedish environmental
monitoring data, screening results, and published research. The Stockholm
Convention recommends monitoring of POPs in air and human breast milk;
however, other environmental matrices (such as water or biota) may be of greater

relevance and are therefore also included.

Where sufficient data is available, temporal trends are reported. Although the
primary focus of the compilation is Swedish data, data from other countries and
regions is highlighted to provide indicative concentration levels and trend

information where Swedish data is lacking.
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In addition to the data compilation, this study presents recommendations

regarding which substances could be of interest to periodic screening or

continuous long-term monitoring.

1.2 Method

Information and data used in this study have been acquired through the following

pathways:

Literature study

As a basis for the collection of information, the latest updated Risk Profile

documents created by the Persistent Organic Pollutants Review Committee

(POPRC) of each substance were used. Additionally, scientific literature, screening

reports, Swedish environmental monitoring and other sources have been collected

to complete the gathering of information.

Databases

The following databases were scanned to collect Swedish data for all substances

and available matrices:

SMHI (Sveriges Meteorologiska och Hydrologiska Institut) Datavardskap
Luft. Available at: https://datavardluft.smhi.se/portal/ (in Swedish)

National data: environmental monitoring of organic and inorganic pollutants in

air, deposition and moss, model calculations, objective estimates, statistics.
Downloaded data:

Air: Dechlorane Plus, PFHxS, LC-PFCA, and MCCP.

Atmospheric deposition: PFHxS, LC-PFCA, and MCCP.

SGU (Sveriges Geologiska Undersokning) Datavardskap for miljogifter.

Available at: https://www.sgu.se/produkter-och-tjanster/datavardskapen-

grundvatten-och-miljogifter/rapporterad-data-till-datavardskap-for-

miljogifter/ (in Swedish)

National data: environmental monitoring of organic and inorganic pollutants,

pharmaceuticals, radioactive substances etc. in following matrices: sludge, biota,
groundwater, soil, sediment and water.

Downloaded data:

Water: Chlorpyriphos, MCCP, PFHXS, and LC-PFCA.

Biota: Dechlorane plus, chlorpyriphos, MCCP, PFHxS, and LC-PFCA.



https://datavardluft.smhi.se/portal/
https://www.sgu.se/produkter-och-tjanster/datavardskapen-grundvatten-och-miljogifter/rapporterad-data-till-datavardskap-for-miljogifter/
https://www.sgu.se/produkter-och-tjanster/datavardskapen-grundvatten-och-miljogifter/rapporterad-data-till-datavardskap-for-miljogifter/
https://www.sgu.se/produkter-och-tjanster/datavardskapen-grundvatten-och-miljogifter/rapporterad-data-till-datavardskap-for-miljogifter/
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Sediments: Chlorpyriphos, MCCP, methoxychlor, PFHxS, and LC-PFCA.
Sludge: MCCP, PFHXS, and LC-PFCA.
Soil: PFHxS, and LC-PFCA.

e SLU (Sveriges Lantbruksuniversitet) Miljodata MVM. Available at:
https://miljodata.slu.se/MVM/Search (in Swedish)
National data: biological, physical and chemical parameters including organic and

inorganic pollutants. Matrices include sediment, soil, water, air, snow, vegetation
and biota (for example: plankton and mussels).

Downloaded data:

Air and atmospheric deposition: Chlorpyriphos.

Water: LC-PFCA.

e IVL Swedish Environmental Research Institute Miljoovervakningsdata
Screening av Miljogifter (not in use anymore and is migrated to the SGU
database for environmental toxins). Available at:
https://dvsb.ivl.se/dvss/DataSelect.aspx (in Swedish)

National data: results from screening studies, including organic and inorganic

pollutants, pharmaceuticals, hormones, biological effects, UV-filters etc. Examples
of matrices: biota, dust, deposition, incineration, human exposure, air, food,
products, sediments, sludge, water.

Downloaded data:

Air and atmospheric deposition: Dechlorane Plus, UV-328, and LC-PFCA.
Water: Dechlorane Plus, chlorpyriphos, MCCP, UV-328, and LC-PFCA.
Biota: Dechlorane Plus, chlorpyriphos, UV-328, and LC-PFCA.

Sediments: Dechlorane Plus, chlorpyriphos, UV-328, and LC-PFCA.
Sludge: Dechlorane Plus, MCCP, UV-238, and LC-PFCA.

Soil: UV-238.

e IMM, KI (Karolinska Institutet; IMM, 2026) Tidsserier och data. Available
at: https://ki.se/imm/halsorelaterad-miljoovervakning/tidsserier-och-data
(in Swedish)
National data: time series of metals in human blood, urine, hair, organic pollutants

in human breast milk, urine and serum and time series of cancerogenic substances
in air.

Downloaded data:

Human blood serum: PFHxS.



https://miljodata.slu.se/MVM/Search
https://dvsb.ivl.se/dvss/DataSelect.aspx
https://ki.se/imm/halsorelaterad-miljoovervakning/tidsserier-och-data
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Livsmedelsdatabasen. Available at:

https://www.livsmedelsverket.se/livsmedel-och-

innehall/naringsamne/livsmedelsdatabasen/ (in Swedish)
National data: 50 nutrients in about 2500 different kinds of food.
No relevant data available for this study

EBAS Database. Available at: https://ebas-data.nilu.no/

International data: contains air and deposition data collected from 86 countries,

covering 61 different frameworks. Includes almost 900 different substances,
including organic and inorganic pollutants.
Since Swedish data here are the same as in the SMHI database, only

international data have been downloaded for comparison purposes.



https://www.livsmedelsverket.se/livsmedel-och-innehall/naringsamne/livsmedelsdatabasen/
https://www.livsmedelsverket.se/livsmedel-och-innehall/naringsamne/livsmedelsdatabasen/
https://ebas-data.nilu.no/
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2 Available monitoring data

None of the studied chemicals in this report are produced in Sweden. Their
manufacture is concentrated in China and other parts of Asia, North America and
continental Europe, where they are also predominantly used. They nonetheless
reach Swedish air, waters and biota through long-range atmospheric transport, and
from the use of products containing these chemicals.

Data presented in the following sections include monitoring results below the
analytical detection limit. As analytical methods improve over time, detection
limits generally decrease. Detection limits can also vary between instruments and
this data summary could therefore show multiple, and varying, detection limits
within a year. Consequently, apparent reductions over time may not reflect

decreasing concentrations, but rather improvements in analytical sensitivity.

2.1 Dechlorane Plus

2.1.1 Description of chemical

Dechlorane Plus (DP; CAS No. 13560-89-9) is a highly chlorinated organic
compound used primarily as an additive flame retardant in polymers and plastics.
It was introduced in the 1960s as a replacement for Mirex, which had been used
both as an insecticide and flame retardant. DP was later marketed as an alternative
to commercial decabromodiphenyl ether (c-decaBDE; POPRC, 2022). Commercial
DP consists of two stereoisomers, syn-DP (CAS No. 135821-03-3) and anti-DP (CAS
No. 135821-74-8), typically present in an approximate ratio of 1:3.

According to the POPRC risk profile (2022), DP has been used mainly in wire and
cable insulation, connectors, adhesives, sealants, and engineering plastics,
particularly in the automotive sector. As an additive flame retardant, DP is not
chemically bound to the polymer matrix and can therefore be released into the
environment throughout its entire life cycle, including during production, product

use, recycling and waste handling (Wang et al., 2016).

2.1.2 Swedish and international monitoring data
DP and its isomers have been consistently detected across multiple environmental

compartments, including air, water, soil and sediments, as well as in wastewater,
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sludge, biosolids and landfill leachate, as summarized in the POPRC risk profile
(2022). The two stereoisomers, syn- and anti-DP, are frequently observed in
environmental samples at ratios that differ from the commercial mixture. This
indicates that they may exhibit different behavior in terms of environmental
transformation, transport, and bioaccumulation. A substantial body of scientific
literature exists on the environmental occurrence of DP, with the majority
originating from China and North America, reflecting the main historical

production regions.
Figure 1 shows reported observations from Swedish databases.

Air and atmospheric deposition
DP is predominantly associated with particles in the atmosphere, which facilitates

long-range transport. Concentrations are generally higher in urban and industrial
areas. Since 2017, DP (including syn- and anti-DP) is included in the national air
monitoring in Sweden (Nerentorp and Hansson, 2025) and is measured 6 times per
year at three Swedish/Finnish background stations; Norunda Stenen (on the east
coast close to Stockholm), Pallas (northern Finland) and Raoé (south of Gothenburg
on the west coast). In 2010, IVL, on behalf of the Swedish EPA, conducted a year-
long screening study on DP in various media (Kaj et al., 2010). Figure 1 shows
concentrations of DP up to 1.4-1.5 pg/m? in urban Stockholm areas while

background areas generally were below 1 pg/m3.

Globally, median concentrations of ~0.9 pg/m? have been reported in urban
environments (Schuster et al., 2021), while levels in source-influenced regions in
Asia and North America range from ~1 to 50 000 pg/m? (Salamova and Hites, 2011;
Zafar et al., 2020). Lower concentrations are typically observed in regional and
background air. Measurements along an Atlantic transect reported concentrations
between <1 and 4 pg/m?3 (Moller et al., 2010), and polar sites have shown average
levels ~1.5 pg/m? (Schuster et al., 2021). In Europe, air concentrations of up to 4
pg/m? were reported in 2016, with levels positively correlated with population
density (Skogeng et al., 2023). More recent monitoring across Nordic countries in
2019 reported concentrations of 0.17 pg/m? for syn-DP and 0.37 pg/m? for anti-DP
(Schlabach et al., 2022). Norwegian urban monitoring in Oslo further showed

concentrations between 0.1 and 1 pg/m? in 2024 (Lunder Halvorsen et al., 2025).
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Figure 1. Reported monitoring data for dechlorane plus (DP), its two isomers (syn- and anti-DP) and Mirex in
Sweden from the IVL screening and SMHI air quality databases. Monitoring results below detection limits are
marked as black Xs at the respective detection limit for each sample.

Atmospheric deposition of DP is not included in the continuous national air
monitoring but was sampled in 2009-2010 within the IVL screening study (Kaj et
al., 2010). Concentrations ranged between 0.003 to 0.55 ng/m?/day (Figure 1). In
international scientific studies, atmospheric deposition of DP is less frequently
reported. Wu et al. (2017) reported total deposition fluxes in China ranging from 6
to 22 ng/m?/day. In the Great Lakes region (USA and Canada), DP was detected in

nearly all precipitation samples, with concentrations between 0.05 and 0.9 ng/L
(Salamova and Hites, 2011).
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Water and sludge

Due to its very low water solubility, DP will partition to particles, sediment and
biota in the aquatic environment. Relatively few studies have reported
measurements of DP in the dissolved phase of water (POPRC Dechlorane Plus,
2022). One of the few available studies by Moller et al. (2011) reported
concentrations in seawater ranging from 0.006 to 0.4 pg/L along a transect from
East China to the Arctic. More recently, Bao et al. (2025) conducted a global
screening of both marine and freshwater systems. Reported concentrations were
low, including values in Norwegian freshwater of <0.01 to 0.063 pg/L, and in the
Bothnian Bay to approximately 0.025 to 0.041 pg/L. During the IVL screening in
2009-2010 (Kaj et al., 2010), sludge from wastewater treatment plants and ranged
between 2.2 to 21 ug/kg dw (Figure 1).

Sediment and soil

Due to its hydrophobic properties, DP preferentially partitions to particles and
accumulates in sediments, particularly near manufacturing sites and urbanized
areas. During the IVL screening in 2009-2010 (Kaj et al., 2010), concentrations in
sediment were only measured to a very limited degree and ranged between 0.1 to 2

ug/kg dw.

Internationally, sediment data from the Great Lakes (US and Canada) show a
median concentration of 3.7 ug/kg dw, with maximum levels up to 69 ug/kg dw,
and indicate declining trends over time (Lin et al., 2025). Soil samples collected
near a manufacturing facility in China ranged from 0.8 to 1 200 pg/kg dw (Wang et
al., 2010), reflecting a significant local contaminant. In contrast, a broader soil
monitoring study in China, including both e-waste dismantling areas and remote
locations, reported concentrations between 0.08 to 1.6 ug/kg dw (Sun et al., 2023).
In marine sediments outside China, reported concentrations are generally lower,
typically in the range of 0 to 20 pg/kg dw (Chen et al., 2024), while concentrations

in the water column were comparatively low.

Biota (aquatic and terrestrial)
In Sweden, the similar predecessor chemical, Mirex, was measured consistently in

ringed seal between 1974 and 2015 (Figure 2). The short IVL screening campaigns
in 2003, 2006 and 2009 covered fish, mussels and birds, where only the common

guillemot showed concentrations above detection limit.
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Figure 2. Reported monitoring data for dechlorane plus (DP) and its two isomers (syn- and anti-DP), as well as
Mirex, in Swedish biota from the IVL screening database and SGU environmental toxins database. Monitoring
results below detection limits are marked as black Xs at the respective detection limit for each sample.

Globally, DP has been widely measured in fish, birds, marine and terrestrial
wildlife, and concentrations generally increase with trophic level. For example,
Baltic eider liver samples showed concentrations of ~70 pg/kg lipid weight (Iw; de
Wit et al., 2020). Screening conducted in 2017 by NILU (the Norwegian climate and
environmental research institute) detected DP in all monitored Arctic species in
Norway and Svalbard, with concentrations ranging from 0.01 to 4.5 pg/kg ww
(Schlabach et al., 2018). Another screening in 2019 among Nordic countries
(Schlabach et al., 2022) detected various DP-related compounds (including Dec602-
603, syn-DP and anti-DP) in bird eggs (0.05-0.32 pug/kg ww), freshwater and
marine fish (0.009-0.32 pg/kg ww), marine mammals (0.34-28.4 ug/kg ww), and
terrestrial mammals (0.007 pg/kg ww).

In addition, an inventory of Baltic Sea samples collected between 1965 and 2017
found DP, related compounds and transformation products in most samples
throughout the time series (Haglund and Rebryk, 2022). Notably, transformation
products and related DP compounds showed stronger biomagnification than the

parent isomers (syn- and anti-DP).

Human exposure

No Swedish studies on DP for human exposure was found. However, in
international literature, DP has been detected in indoor dust, food items and
human tissues, indicating that both environmental and indoor pathways contribute
to human exposure. A review by Wang et al. (2024) reported concentrations of DP
in indoor dust from Chinese environments ranged from 0.05 to 1 050 ug/kg. The
same study also compared human hair samples, showing substantially higher
levels in electronic waste dismantling workers (1.6 to 360 pg/kg) compared to
university students (not detected to 4 pg/kg). In a Canadian study, DP was
detected in the majority of the human milk samples collected between 2008 and
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2011, with a mean concentration of 0.027 pg/kg lipid. For comparison, Mirex (the
predecessor chemical to DP) was present at higher levels, with a mean
concentration of 0.37 ug/kg lipid (Rawn et al., 2023). A global review of human
exposure to DP (Bao et al., 2023) reported that serum concentrations were generally
lower in Europe and Canada than in highly exposed populations such as electronic
waste workers in China. However, the review also noted that levels in the general
population are approaching those observed in more exposed groups, suggesting
that perhaps dietary intake of DP-containing food might be a potential exposure
pathway.

2.2 UV-328

2.2.1 Description of chemical

UV-328 (CAS No. 25973-55-1) is a synthetic UV absorber that protects surfaces
against discoloration and weathering. It is one of the UV absorbers in the group of
benzotriazole UV stabilizers (BT-UVs) where their molecular structure could vary
widely within the group to target different functions. It is an additive in plastics,
coatings and other materials in for example the automotive sector and the non-
food-contact layer of food packaging articles. According to the POPRC risk profile
(POPRC UV-328, 2022) it may be released into the environment throughout its
entire life cycle. Due to its hydrophobicity and strong sorption to organic matter,
UV-328 tends to partition to particles and accumulate in sediment and sludge,
where it can persist for decades.

2.2.2 Swedish and international monitoring data

UV-328 has been measured in a broad range of matrices, including ambient air
(primarily particle-bound), surface waters, wastewater, soil, sediment and biota, as

well as in humans. Figure 3 shows reported observations from Swedish databases.
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Figure 3. UV-328 measured in Sweden in different environmental matrices. Data were collected from the IVL
screening database. Monitoring results below detection limits are marked as black Xs at the respective detection
limit for each sample.

Air and atmospheric deposition

In Sweden, UV-328 has been measured by IVL at Raé and in urban Stockholm
within a screening study conducted in 2009-2010 (Brorstrom-Lundén et al., 2012).
Concentrations were below the detection limits at the time, both in atmospheric
deposition (70-200 ng/m?/day) and in air (0.01-0.4 ng/m?). Due to the limited
number of observations, these data are not included in Figure 3. The risk profile
(POPRC UV-328, 2022) suggests that UV-328 may undergo long-range atmospheric
transport when associated with microplastics in particulate matter (PM2.5 or

PM10). However, recent international studies have reported low or non-detectable
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levels of UV-328 in remote regions, including Canadian background air
(Shunthirasingham et al., 2025), Svalbard (Schlabach et al., 2018), and marine
environments (Sun et al., 2026). These findings indicate that UV-328 likely has a
limited potential for long-range atmospheric transport. At the local scale, UV-328
has been detected in urban and industrial air. In Chicago, concentrations up to 1.6
ng/m? (Wu et al., 2020) were observed. At industrial sites in Spain, levels of 20 and
14 pg/m?3 were measured (Maceira et al., 2019). Significantly higher concentrations
have been observed in more enclosed environments, such as plastic greenhouses in
China, where levels ranged from 1 100 to 5 700 pg/m? (Li et al., 2024).

Water and sludge

In Sweden, UV-328 in water has been measured on two occasions (2009-2010 and
2014) by IVL, including both background locations and effluents from wastewater
treatment plants (WWTPs; Figure 3). Reported concentrations range from below 0.1
up to 95 ng/L. These levels are broadly in line with international observations. The
risk profile for UV-328 (POPRC UV-328, 2022) reports concentrations between 3
and 300 ng/L across various water types. More recent studies show similar or lower
levels. For example, concentrations up to 22 ng/L have been reported in Canadian
estuaries, with a pronounced peak in July (Ben Chaaben et al., 2025). This seasonal
pattern was attributed to increased use of sunscreens, as well as lower water flows
leading to reduced dilution. River samples in China have showed average
concentrations of approximately 0.5-0.9 ng/L (Wu et al., 2026), while seawater
concentrations in the North Yellow Sea were generally lower, averaging between
0.05 and 0.2 ng/L (Liu et al., 2024). In marine environments, long-range transport of
UV-328 via plastic debris has been widely documented (see overview in POPRC,
2022).

For sludge, data from Swedish WWTPs show concentrations either below the
detection limit, in the range of 250-600 ug/kg dw, or higher values between 2 000
and 37 000 pg/kg dw (Figure 3). Compared to international data summarized in the
risk profile (POPRC UV-328, 2022), Swedish data are generally in the upper range.
A screening study from 2012 covering 33 Chinese cities reported median
concentrations of 60 pg/kg dw, with outlier values up to 24 700 pg/kg dw (Ruan et
al., 2012). No additional recent studies beyond those included in the risk profile
(POPRC UV-328, 2022) were identified.

Sediment and soil

Sediment in Sweden has been screened for UV-328 on two occasions (2009-2010
and 2014) by IVL (Figure 3), with reported concentrations ranging from 7 to 1 300
ug/kg dw. International data summarized in the risk profile (POPRC UV-328, 2022)

show comparable concentration ranges, with higher levels typically observed in
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sediment cores near historical production sites. A survey of surface sediments from
the North and Baltic Seas reported lower concentrations, ranging from below
detection limits up to 0.88 pg/kg dw (Apel et al., 2018).

Data on UV-328 in soil are scarce, both in Sweden and internationally. In Sweden,
four soil samples were collected in 2009-2010 (not included in Figure 3), of which
only one exceeded the detection limit, with a concentration of 740 pg/kg dw
(Brorstrom-Lundén et al., 2012). More recent studies have highlighted plastic
mulch films — especially biodegradable variants — as a source of UV-328 to
agricultural soils. For example, Li et al. (2023) reported average concentrations of
91 pg/kg in film-mulched soils compared to 0.08 pug/kg in unmulched soils.

Biota (aquatic and terrestrial)

Screening for UV-328 in biota in Sweden has been limited. Analyses conducted in
2009-2010 and 2014 focused on fish, with all results below detection limits (Figure
3). Additional screening in Sweden carried out under the Nordic Council in 2021
(Schlabach et al., 2022), including reindeer, moose, seal, fish, and bird eggs, also
reported concentrations below detection limits. These data are not included in
Swedish databases or in Figure 3. The POPRC UV-328 risk profile (2022) reports a
concentration of 0.56 ng/g in grey seal blubber from Sweden; however, the

underlying source data could not be verified.

Although UV-328 was not detected in Swedish samples in the Nordic screening, it
was identified in biota from other Nordic countries, including bird eggs (average
0.38 ng/g ww), freshwater fish (average 0.12 ng/g ww), marine cod liver (average
1.31 ng/g ww), and grey seal blubber (0.8 ng/g ww). Internationally, the POPRC
risk profile (2022) shows that UV-328 is widely detected in biota and can be
transported over long distances, for example via migratory birds. Recent studies
further support its global occurrence (e.g. Chen et al., 2024) and highlight potential
ecological effects, including synergistic impacts of UV-328 and microplastics in
aquatic organisms (e.g. Yang et al., 2026).

Human exposure

No data on human exposure to UV-328 in Sweden were identified in the IMM
database (2026). Internationally, the POPRC UV-328 risk profile (2022) reports
several studies demonstrating the presence of UV-328 in human breast milk. For
example, a study from Korea reported maximum concentrations of 334 ng/g Iw
(Lee et al., 2015), while lower average concentrations of 1.2 ng/g Iw were observed
in samples from Japan, the Philippines, and Vietnam (Kim et al., 2019). More recent
studies from China report average concentrations of 2.6 + 2.6 ng/g lw in breast milk
from a large group (n = 3 500; Liu et al., 2022). In addition, UV-328 has been
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detected in human urine, with average concentrations of 0.18 pig/g creatinine
reported in a Chinese study (Mao et al., 2024).

2.3 LC-PFCA

2.3.1 Description of chemical

Long-chain perfluorocarboxylic acids (LC-PFCAs; C9-C21) are a group of highly
persistent PFAS that are widely detected in the global environment due to both
direct emissions and the transformation of precursor compounds. According to the
POPRC risk profile (2023), LC-PFCAs, their salts and related compounds may have
been used in a broad range of applications, including surfactants, electronics,
medical devices, photographic materials, car care products, building materials,
cookware, firefighting foams, ski waxes, and various household consumer
products. Releases to the environment are expected to occur throughout the entire

life cycle of these substances.

Table 1 provides and overview of some of the most common PFCAs within the LC-
PECA group, covering compounds with carbon chain lengths from C9 to C21. The
Stockholm Convention listing includes all LC-PFCAs, their salts and related
compounds, encompassing a very large number of substances. For example, New
Zealand submitted a non-exhaustive list of CAS numbers to the seventeenth
meeting of the Stockholm Convention (Stockholm Convention POPs, 2022). Several
of the PFCAs included in Table 1 are also part of Swedish regulatory summary
groups (see overview by SGU 2024).
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Table 1. Selected long-chained perfluorocarboxylic acids (LC-PFCAs; C9-C21) included in the data search of

Swedish environmental monitoring databases.

Carbon Swedish

chain Substance name Common abbreviations summary

length group
Perfluorononanoic acid PFNA 375-95-1 PFAS 4

C10 Perfluorodecanoic acid PFDA 335-76-2 PFAS 11

Ci11 Perfluoroundecanoic acid PFUNDA, PFUnA, PFUA 2058-94-8 PFAS 20

C12 Perfluorododecanoic acid PFDoDA, PFDoA, PFDDA 307-55-1 PFAS 20

Cci13 Perfluorotridecanoic acid PFTrDA, PFTrA, PFTDA 72629-94-8 PFAS 20

Ci4 Perfluorotetradecanoic acid PFTeDA, PFTeA 376-06-7 PFAS 24

C15 Perfluoropentadecanoic acid PFPeDA 141074-63-7 -

Ci6 Perfluorohexadecanoic acid PFHxDA 67905-19-5 PFAS 24

Cc17 Perfluoroheptadecanoic acid PFHpDA 57475-95-3 -

C18 Perfluorooctadecanoic acid PFODA, PFOcDA 16517-11-6 -

C19 Perfluorononadecanoic acid PFNDA 65104-67-8 -

C20 Perfluoroeicosanoic acid PFEA 68310-12-3 -

c21 Perfluoroheneicosanoic acid - 2920913-30-8 -

2.3.2 Swedish and international monitoring data

The database search primarily included entries for isomer mixtures (i.e., both linear
and branched forms), where such information was available. Although some
PFCAs are included in Swedish summary reporting groups, these data were not
considered here, as the groupings may also include other PFCAs outside the LC-
PFCA group. Table 2 provides an overview of Swedish monitoring data for
individual LC-PFCAs across different environmental matrices. The results show
that monitoring has mainly focused on the shorter-chain LC-PFCAs, while no
database entries were identified for PFCA C17 and C19-21 (i.e., PEHpDA, PFNDA,
PFEA and perfluoroheneicosanoic acid). For PFCA C16 (PFHxDA) and PFCA C18
(PFODA), all reported measurements were below detection limits. The measured

concentrations presented in Table 2 are further illustrated in Figure 4.

Air and atmospheric deposition
The PFCA C9-C11 (PFNA, PFDA and PFUnDA) have been included in the

Swedish national monitoring programme for air and atmospheric deposition since
2017. All three substances show concentration ranges in air of approximately 0.01-
0.6 pg/m3. However, PFCA C9 (PFNA) exhibited some higher outlier
concentrations in 2006, reaching 1.2 and 12 pg/m?3 at Rad and Pallas B stations,
respectively. Atmospheric deposition is here measured via precipitation, where
PFCA C9 (PFNA) generally shows higher concentrations (up to 1 ng/L) compared
to PFCA C11 (PFUnDA), which reaches up to 0.2 ng/L.
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Table 2. Overview of Swedish monitoring data for long-chained perfluorocarboxylic acids (LC-PFCAs) across
different environmental matrices. Values indicate the number of observations, with the proportion of
measurements above detection limits shown in parenthesis. Observations where all values were below the detection

limits are shown in grey.

Carbon . Atmos.
Parameter Biota . Sludge
atoms deposition
co 476 266 197 841 361 432

1074
PFNA
(71%) (57%) (56%)  (45%) (18%) (70%) (36%)
432 266 197 129 245 434 571
e PFDA (80%) (20%) (48%)  (31%) (25%) (75%) (21%)
407 266 197 16 203 224 398
c11 PFUNDA (85%) (5%) (12%)  (25%) (59%) (64%) (19%)
382 16 144 209 374
ek PFDoDA (77%) ) ) (25%) (28%) (62%) (14%)
365 16 181 155
o PFTDA (81%) ; ; (25%)  (27%) (61%)
365 181 155 260
Sk Al (47%) ) ) (7%) (55%) (3%)
236 88
C15 PFPeDA (@2%) - - - - (32%)

Ci16 PFHxDA = = =

c17 PFHpDa - - -

Cc18 PFODA - = o -

C19 PFNDA - = o - -

C20 PFEA - - o - -
Perfluoro-

Cc21 heneicos- - - = - -
anoic acid

Internationally, the POPRC risk profile and additional information on LC-PFCA
(POPRC LC-PFCA, 2022) report air concentrations ranging from below detection
limits up to approximately 100 pg/m? in studies from Canada, China and Germany,
including measurements from wastewater treatment plants and landfills. A study
from the East China Sea reported average atmospheric particle concentrations of
2.5-3.2 pg/m3 for PFCA C9-C10 (PFNA and PFDA), while longer-chain compounds
(PFCA C11-C13) showed lower averages of 0.45-0.56 pg/m? (Sun et al., 2025).

Water and sludge

Water and sludge from wastewater treatment plants (WWTPs) have been
monitored in Sweden for PFCA C9-C14 since 2004 within the national monitoring
programme (Haglund et al.,, 2025). With additional data from smaller monitoring
studies, measured water samples show median concentrations around 0.5 ng/L,
with peak values exceeding 100 ng/L. These higher concentrations are primarily
associated with PFCA C9-C10 (PFNA and PFDA) and originate from sites such as
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Figure 4. LC-PFCAs measured in Sweden in different environmental matrices. Data were collected from the
SMHI, SGU, SLU, and IVL screening databases. Data points represent individual PFCAs values within the LC-
PFCA group and does not represent summary data. Monitoring results below detection limits are marked as black
Xs at the respective detection limit for each sample.
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waste deposits, WWTPs, and firefighting training areas. In sludge, concentrations
range from 0.9 to 13 ng/L in effluents and from 4 to 390 pg/kg dw in solids. All the
highest sludge levels (>45 ng/kg dw) were observed at Gasslosa WWTP in Boras
between 2004 and 2010.

Internationally, the POPRC risk profile (POPRC LC-PFCA, 2022) reports
concentrations in water from WWTPs and landfills ranging from below detection
limits up to approximately 1 100 ng/L, and up to 200 ug/kg dw in solids. The
highest concentrations are mainly associated with PECA C9-C11. Snow samples
from after skiing competitions also showed concentrations of up to 4 200 pg/L in
the US for PFCA C14 (PFTeDA). A Nordic screening study from 2017, analysing
PFCA C9-C14, C16, and C18 across various media, found that sludge is largely
influenced by PFCA precursors (Karrman et al., 2019).

Sediment and soil

Sediment sampled in Sweden shows a median concentration of 0.078 ug/kg dw
with higher values reaching up to 8 ug/kg (except for an outlier of 30 pg/kg dw).
These samples refer to either marine or urban samples. Soil shows a similar range
with median concentration of 0.072 pg/kg dw and maximum value of 12 pg/kg dw
with the higher value samples pertaining to mostly firefighting training areas. The
POPRC risk profile (POPRC LC-PFCA, 2022) lists international data for sediment
samples reaching up to 69 pg/kg dw and soil samples reaching to 50 ug/kg dw.

Biota (aquatic and terrestrial)

The Swedish Museum of Natural History conducts monitoring of PFAS in biota in
Sweden, including PFCA C9-C14, C16, and C18 in freshwater environments
(Faxneld and Soerensen, 2023) and PFCA C9-C14 in marine environments
(Soerensen and Faxneld, 2023). A range of organisms has been analysed, with
median concentrations around 0.4 ng/g ww and maximum values up to 36 ng/g
ww. Higher concentrations (>10 ng/g ww) are primarily associated with samples
collected before 2004 and are mainly observed in larger mammals, such as lynx,
owls, and grey seals. More recent elevated concentrations (10-13 ng/g ww) have
been reported in perch. The POPRC risk profile (POPRC LC-PFCA, 2022) provides
a global overview showing that concentrations in biota span several orders of
magnitude, with peak values often exceeding 100 ng/g ww, particularly in birds,

mammals and fish.

Human exposure
The Swedish Food Agency have monitored PFAS in the Swedish population in
several studies. First-time mothers in Uppsala have been analysed for PECA C9-

C15, showing generally decreasing concentrations since 2008 (Gyllenhammar et al.,
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2023). Similarly, children aged 4, 8 and 12 years in Uppsala have been monitored
for PFCA C9-C16 and C18, also indicating declining trends over time (Hedvall
Kallerman et al., 2020). A Swedish survey of adolescents (Zamaratskaia et al., 2020),
conducted between 2016 and 2017, reported PFCA C9-C16 and C18 concentrations,
with mean PFCA C9 (PFNA) levels of 0.41 ng/mL, comparable to levels in Swedish
adults (0.8 ng/mL). According to the POPRC risk profile (POPRC LC-PFCA, 2022),
the main human exposure pathways are diet, drinking water and indoor dust.
International data show that concentrations in food are generally low (pg/g—ng/g),
while drinking water levels can reach tens of ng/l near contamination sources.
Biomonitoring studies typically report concentrations in blood in the pg/mL to

ng/mL range.

2.4 Chlorpyrifos

2.4.1 Description of chemical

Chlorpyrifos (CAS No. 2921-88-2) is an organophosphate insecticide that has been
widely used globally in agriculture and pest control, including applications on
crops, wood products, and for termite control. Due to its extensive use, it has been
subject to environmental monitoring in a wide range of regions and matrices.
Chlorpyrifos is released to the environment primarily through application to soil,
with subsequent leaching to water, as well as through volatilization and spray drift
to air. In Europe, urban wastewater treatment plants have been identified as an
important secondary source based on monitoring data. Chlorpyrifos has never
been approved for use as a plant protection product in Sweden or Norway,
although it was used as an indoor biocide in Sweden until 2009. In contrast, it has
been widely used internationally and was only banned for agricultural use in the
United States in 2021.

2.4.2 Swedish and international monitoring data

International monitoring data show that chlorpyrifos has been measured in
multiple environmental compartments, including air, surface water, soil, sediment
and biota, and humans. It is frequently detected in agricultural areas due to direct
application, but has also been identified in remote regions, indicating atmospheric
transport. Volatilization following application and transport associated with
particles contribute to its environmental dispersion. Figure 5 presents available

monitoring data from Swedish databases.
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Figure 5. Chlopyrifos measured in Sweden in different environmental matrices. Data were collected from the SLU,
SGU, and IVL screening database. Monitoring results below detection limits are marked as black Xs at the
respective detection limit for each sample.

Air and atmospheric deposition

Chlorpyrifos has been monitored in agricultural areas in southern Sweden since
2002 within the Swedish environmental monitoring programme for pesticides,
coordinated by SLU (Bostrom, 2020). The data presented in Figure 5 show
concentrations in air generally ranging from 250 pg/m? and below, and in
precipitation generally from 0.005 pug/L and below. However, these measurements
represent specific agricultural environments and do not capture other potential
source areas, such as urban environments or indoor use (e.g., as a biocide).
Internationally, the POPRC risk profile for chlorpyrifos (2023a) and its Additional
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information (2023b) compile extensive evidence of chlorpyrifos occurrence in
remote regions, demonstrating its potential for long-range atmospheric transport.
For example, prior to its ban for agricultural use in California in 2019, air
concentrations ranged from 4 to 150 ng/m3 (POPRC Chlorpyrifos, 2023b). A study
from the Czech Republic, based on biweekly air sampling between 2019 and 2021,
showed a clear decreasing trend following the ban (Mayer et al., 2025).

Water and sludge

Water has been monitored relatively continuously in Sweden, with most
concentrations below detection limits. Occasional detections have been reported
between 2010 and 2018, ranging from 0.1 to 11 ng/L (Figure 5). According to the
POPRC risk profile (2023b), chlorpyrifos has been detected in surface waters across
a wide range of environments, from remote alpine lakes and Arctic regions to
agricultural and urban areas. Concentrations in remote areas are generally low
(<0.002-0.5 ng/L), whereas higher levels are observed in agricultural regions, with
maximum concentrations ranging from tens of ng/L up to pg/L levels. No Swedish

data for chlorpyrifos in sludge were identified.

Sediment and soil

Sediment has been sampled intermittently in Sweden since 2003, with most
concentrations below detection limits (Figure 5). The only exception is two samples
from 2011, where concentrations of 4 ng/kg dw were measured in Géstrikland.
Monitoring of agricultural soils in southern Sweden, conducted by SLU, has
consistently reported non-detectable levels (Bostrom, 2020), likely reflecting that
chlorpyrifos has not been approved for use as a crop pesticide in Sweden. In
contrast, international studies demonstrate the presence of chlorpyrifos even in
remote environments. The POPRC risk profile (2023b) reports consistent detections
in sediment cores from remote lakes in Alaskan national parks. In addition, a study
from Svalbard found chlorpyrifos in surface fjord sediments at concentrations
ranging from 0.0004 to 0.0063 pg/kg (Shaji et al., 2024).

Biota (aquatic and terrestrial)

In Sweden, chlorpyrifos has been monitored in worms and birds on a few
occasions between 2006 and 2016, with most concentrations falling below detection
limits except for a few occasions with levels between 0.03 and 0.07 ng/g ww (Figure
5). According to the POPRC Chlorpyrifos risk profile (2023b), chlorpyrifos has been
detected in a range of biota from remote regions, including vegetation, birds,
mammals, and marine organisms (=0.06-2.35 ng/g lw). In contrast, substantially
higher concentrations have been reported in bird feathers from the Patagonian
Shelf (=50-85 ng/g), reflecting more recent and regional agricultural exposure
(Adrogué et al., 2019).
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Human exposure

No data on human exposure to chlorpyrifos in Sweden were identified in the IMM
database (2026). According to the POPRC risk profile (2023b), human exposure is
primarily assessed using urinary biomarkers, which are widely detected in the
general population, often in more than 80-95% of samples (Govarts et al., 2023;
Health Canada, 2017). Chlorpyrifos has also been measured directly in biological
matrices such as breast milk, blood, and placenta. Reported concentrations are
typically in the pg/g to ng/g range in industrialized regions, but substantially
higher levels have been observed in agricultural areas (e.g., up to pg/L in breast
milk in India; Bedi et al., 2013). In addition, chlorpyrifos residues have been
detected in a variety of food commodities, including fruits, herbs, grains, seeds and
milk. A survey by the Swedish Food Agency identified residues in mandarins and
apples, although generally at low levels (Jansson and Fohgelberg, 2018).

2.5 PFHxS

2.5.1 Description of chemical

Perfluorohexane sulfonic acid (PFHxS; CAS No. 355-46-4) was introduced to the
market in the latter half of the 20t century, primarily as a replacement for
perfluorooctane sulfonic acid (PFOS) as the latter was being phased out following
its regulation under the Stockholm Convention (OECD, 2018). PFHXS, along with
its salts and related compounds, is used across a wide range of applications,
including aqueous film-forming foams (AFFFs), metal plating, textiles, surface
coatings, and cleaning products (POPRC PFHxS, 2018). Environmental emissions
are associated with its production, use, and waste handling, and have been
documented in air, water, wastewater, sludge, dust, and waste streams. PFHxS
may also be formed as an unintentional by-product during the manufacture of
other per- and polyfluoroalkyl substances (PFAS), most notably PFOS (Gramstad
and Haszeldine, 1957; Jiang et al., 2015).

PFHXS is considered extremely persistent in the environment owing to the
exceptional strength of the carbon-fluorine bond. It has the capacity to
bioaccumulate and undergo long-range environmental transport (Wang et al.,
2017). Human exposure occurs through multiple pathways, including food,
drinking water, indoor dust and air (Vestergren & Cousins, 2009). While the
toxicology of PFHXS has been less extensively studied than that of other PFAS, it is
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believed to exert adverse effects on the liver, thyroid, immune system, and
neurodevelopment in both wildlife and humans (POPRC PFHxS, 2018).

2.5.2 Swedish and international monitoring data

The highest environmental levels of PFHxS measured are found in urban and/or
industrial areas both in terms of biotic- and abiotic matrices (Gewurst et al., 2013;
Ma et al., 2018). A compilation of data of PFHXS collected from Swedish databases

are presented in Figure 6.

Air and atmospheric deposition
Owing to its capacity for long-range atmospheric transport, PFHxS has been

widely detected in air across both urban and remote environments.

As part of the Swedish national environmental monitoring programme for air,
PFHXS concentrations in air and atmospheric deposition have been measured at
background stations since 2017 (Figure 6). Air concentrations are monitored at
Pallas (northern Finland) and at Ra6 on the west coast of Sweden. The combined
average air concentration across these two stations is 0.08 pg/m? (range: 0.03-0.183
pg/m3; n = 45). Atmospheric deposition of PFHXS is monitored at Pallas, R46, and
the Swedish background station Norunda, situated near Stockholm on the east
coast. The average PFHXS concentration in deposition across these three locations
is 0.18 ng/L (range: 0.05-0.65 ng/L; n = 62). All Swedish monitoring data were
retrieved from the SMHI database.

PFHXS has been detected in Arctic air in several independent studies (Stock et al.,
2007; Genualdi et al., 2010; Butt et al., 2010; Wong et al., 2018; Norwegian
Environment Agency, 2017). Rauert et al. (2018) report PFHxS concentrations
ranging from 0.007 to 2.2 pg/m?3 based on samples collected in Canada and Norway
between 2009 and 2015.

Water and sludge
Globally, PFHxS has been widely detected in different water bodies such as surface

water, groundwater, drinking water, seawater, and wastewater.

Swedish water data, collected from SGU database includes about 30 seawater

samples, but mostly freshwater samples, groundwater and a few terrestrial water
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Figure 6. Reported monitoring data for PFHxS in different matrices in Sweden collected from the SMHI, SGU
and SLU databases. Monitoring results below detection limits are marked as black Xs at the respective detection
limit for each sample.

bodies (in proximity of firefighter training areas, skiing stations and other
industries). In total 1855 water samples have been collected from 2015 until now (as
collected from SGU database), see Figure 7. The average PFHxS concentration of all
Swedish water samples is 94 (0.11-36 000) ng/l. The large range in observed data is

probably due to the various sampling locations, including industries.
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Data from sludge sampled from wastewater treatment plants were also collected
from the SGU database and includes data from 2015 to 2023. A total of 378 samples
were collected, with the average PFHXS concentration of 2.6 ng/L (0.1-49 ng/L: 332
samples) and 3.2 ug/kg dw (0.05-21 pg/kg dw: 46 samples).

Near a military airport in Ronneby, Sweden, highly elevated concentrations of up
to 1 700 ng/L were detected in drinking water (Li et al., 2018). In another Swedish
study, PFHxXS in sludge from three WWTPs in Sweden revealed an increase in
concentration between influent and effluent, meaning that degradation of
precursor compounds during wastewater treatment contributes to PFHxS

contamination (Eriksson et al., 2017).

In China, PFHXS (ranging between 45.9-351 ng/L) was found to be the
predominant PFAS in the water of Taihu Lake and its in-flow rivers, with
increasing concentrations from 2009 to 2014 (Ma et al., 2018). In several studies,
PFHXS has also been detected in Arctic seawater studies (Rosenberg et al., 2008;
Busch et al., 2010; Zhao et al., 2012; Yeung et al., 2017), and in open ocean waters
globally (Gonzalez-Gaya et al., 2014). At Svalbard, Norway, low concentrations
(0.005 ng/L) were found in seawater sampled at harbours (Skaar et al., 2018).

50 000 4

10 000
50004

1 000 o
500 A

1001
504

10 4 ® Xl XK X X 05 st
5 MK X

Concentration (ng/L)

p A .
14 X P & B %% X MK 3 xx

0.5+ cne X e
X X X X SR ?(Wm).b«ﬁ

014 X RO KX XX XK ® BN X

0.051 2

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Figure 7. PFHxS measured in Swedish water samples (mostly freshwater samples but also 30 seawater samples).
Data were collected from the SGU database and results below detection limits are marked as black Xs at the
respective detection limit for each sample.
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Sediment and soil

Swedish data for sediment and soil were collected from the SGU database (Figure
6). Sediment samples were collected in seawater in fjords (e.g. Saltkéllefjorden),
basins (e.g. Arkona Basin) and harbours (e.g. Valleviken harbour), and in
freshwater in dams (e.g. Serpentindammarna, Lakvattendammen). The marine
sediment results were reported in 2021 and the freshwater sediment results were
reported in 2024. The average concentration of PFHXS in sediment from all samples
together was 0.7 pug/kg dw (0.03-30 pg/kg dw: 146 samples).

Soil samples for analysis of PFHxXS have been sampled at a variety of locations,
including fire stations and car disassembly facilities. All data were collected from
SGU database and were reported in 2024 and 2025, see Figure 6. The average
concentration of PFHXS in samples collected in Sweden was 0.9 ug/kg dw (0.03-68
ug/kg dw: 462 samples).

Globally, PFHXxS has been detected in soil and sediment in areas close to places
where historically fire-fighters have been training (Braunig et al., 2017; Filipovic et
al., 2015). PFHxS has also been found in both Arctic and Antarctic sediments and at
remote sites in Canada (Zhao et al., 2012; Lescord et al., 2015).

Biota (aquatic and terrestrial)

Globally, PFHXS has been detected in a wide range of biota. In Sweden, samples for
analysis of PFHxS has been mostly collected from marine and freshwater fish and
from reindeers. The earliest samples were collected already in 1970 and back then,
otters were sampled. From all samples analysed from 1970 to now, the average

PFHXS concentration is 0.5 ng/g ww (0.01-14 ng/g ww: 998 samples), see Figure 8.

Internationally, the highest concentrations of PFHxS in biota have been found in
top predators in the Arctic with concentrations in polar bear blood serum ranging
from 4.9-70 ng/g ww between 2000-2014 (Routti et al., 2017), and in liver ranging
between 2 260 and 4 430 ng/g ww (Smithwick et al., 2005). Also, Arctic foxes
experience high levels of PFHxS, with liver concentrations of 0.05-139 ng/g ww
measured between 1997 and 2014. Although, from 2002 the concentrations show a
decreasing trend of 11% per year (Routti et al., 2017).
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Figure 8. PFHxS measured in biota in Sweden. Data were collected from the SGU database. Measured mostly in
marine and freshwater fish. Monitoring results below detection limits are marked as black Xs at the respective
detection limit for each sample.

Human exposure

PFHXS is the most frequently detected PFAS in human blood and breast milk
worldwide, making it one of the most prevalent PFAS compounds in humans
(Kérrman et al., 2007; Fromme et al., 2010).

In the IMM database, data were collected from Swedish studies looking at PFHxS
concentrations in blood serum (IMM, 2016), see Figure 9.

In Norwegian men (40-50 years old), the PFHXS levels in blood serum has steadily
increased between 1976 and 1990s, reaching a level of 1.4 ug/L in 2006 (Haug et al,,
2009). Also in Germany, an increasing trend between 1977 to 2004 has been
observed for PFHxXS in blood plasma, with a total median concentration of 1.7 ug/L
(range 0.5-4.6 pg/L) (Wilhelm et al., 2009).
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Figure 9. Results from Swedish studies of PFHxS measurements in human serum. Data were collected from the
IMM database.

2.6 Medium-chain chlorinated paraffins
(MCCP)

2.6.1 Description of chemical

MCCPs (medium-chain chlorinated paraffins, CAS no: 85535-85-9) are paraffins
with 45% or higher levels of chlorination (Tomy et al., 1997 ,Yuan et al., 2020). They
were first produced in the 1930s and today China is the major producer of MCCPs.
When short-chained chlorinated paraffins (SCCPs) were listed in the Stockholm
Convention in 2017, MCCPs were in many applications used as replacements
(Guida et al., 2020). Uses of MCCPs includes in plasticisers, paints, coatings, flame
retardant in fabrics and in rubber compounds (Chen et al., 2022; USEPA, 2015).
MCCPs are persistent, can bioaccumulate, be transported long distances, and have
shown toxic effects in biota (POPRC MCCP, 2023).
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Swedish and international monitoring data

MCCPs have been on the market for almost 100 years and therefore it can be found
at many different places across the world. The collected data from Swedish data
bases are presented in Figure 10 below.
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Figure 10. MCCP measured in Sweden in different environmental matrices. Data were collected from the SMHI,
SGU, and IVL Screening databases. Monitoring results below detection limits are marked as black Xs at the

respective detection limit for each sample.



36(68)

[ ]
@ I V l REPORT 11288

Swedish Environmental
Research Institute DATA COMPILATION ON NEWLY LISTED POPS UNDER THE STOCKHOLM CONV.

Environmental Occurrence, Human exposure and Monitoring Recommendations for Sweden
June 2026

Air and atmospheric deposition

MCCPs can be found in air globally, also in remote areas.

In Sweden, MCCP has been measured in air at the two background stations
Norunda and Rao since 2017, having an average concentration of 43 (4-240: 44
samples) pg/m?3. In atmospheric deposition, the average MCCP concentration was

measured to 54 (2-270: 51 samples) ng/m?/day (Figure 10).

Concentrations of MCCPs in urban areas have reached up to around 12 000 pg/m?3
in many different countries including China, Iceland, India, Norway, Pakistan,
Tanzania and the UK (Yuan et al., 2021). It has also been measured in remote areas
such as in the Arctic where a concentration of 200 pg/m? was measured in Svalbard
and the trend is increasing. In 2021, the levels of MCCPs in Svalbard were higher
than the levels of SCCPs (Bohlin-Nizzetto et al., 2021). In Antarctica levels of
MCCPs were about 10 pg/m? where an increasing trend have been observed from
2014 to 2018 (Jiang et al., 2021).

Water and sludge

A total of 318 water samples have been collected in Sweden for MCCP analysis,
including freshwater from lakes and seawater from several fjords (2012-2022;
Figure 10). Only 12 samples were reported above detection limit, resulting in a
median MCCP concentration of 65 (30—13 000) ng/L. Sludge samples were collected
from WWTP in Sweden between 2004 and 2024 (total of 175 samples). The average
sludge MCCP concentration was 2900 (1-19 000) pg/kg dw. There has been no clear
change in MCCP concentrations in the Swedish national monitoring programme
since 2004 (POPRC MCCP, 2023).

European monitoring data shows generally widespread occurrence of MCCPs in
surface waters with concentrations around a few pg/L, but no specific results are
presented in the POPRC Risk assessment document for MCCP (POPRC MCCP,
2023).

MCCPs in sludge is however better reported internationally. Sludge from
wastewater treatment plants have been collected from various countries. In
Norway, sludge concentrations of up to 17 mg/kg dw have been reported (Thomas
et al., 2011; Norsk Vann, 2018; Fjeld, 2005; Ruus et al., 2018). Sludge collected from
UK, China, Sweden and Switzerland show similar values (Stevens et al., 2003;
Wang H et al., 2019; Bogdal et al., 2015). Lower concentrations in WWTP sludge
have been measured in Australia with concentrations from 0.54 to 3.65 mg/kg dw
(Brandsma et al., 2017).
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Sediment and soil
MCCPs have been found in freshwater and marine sediments globally. Soil has

been less frequently monitored.

Freshwater and marine sediments have been collected for MCCP analysis all over
Sweden and data have been reported to the SGU database from 2013 to 2025 (see
Figure 10). In total 436 samples were reported. However, only 33 samples were
reported to be above detection limit. Locations for marine sediment sampling
includes for example Kungsbacka fjord, Landskrona and Gotland. Freshwater
sediments have been collected in various lakes and rivers. The average MCCP
concentration in sediments collected in Sweden is high: 750 (5-10 000: 33 samples
over DL) ug/kg dw. Swedish coastal sediments tell a story of MCCPs being
detected as early as 1954, showing an increasing trend while SCCPs have been
decreasing since it was regulated (Yuan et al., 2017). No soil data was found in any
of the Swedish data bases.

Globally, MCCP concentrations in sediments have been studied in many countries
including Australia, Canada, China, Czech Republic, Germany, Japan,
Netherlands, Norway, Switzerland, UK, the Irish Sea and the Baltic Sea. General
concentrations are about 2 mg/kg dw, with higher concentrations near industries.
Reported concentrations near manufacturing sites in China have reached up to 50
mg/kg dw (Guida et al., 2020). In Lake Thun, Switzerland, MCCPs were detected in
sediments as early as 1965, having surface concentrations of 26 pg/kg dw (lozza et
al., 2008). Also in remote areas, MCCPs have been found in sediments. At seven
sampling locations in the Norwegian Sea, concentrations between 25 to 529 ug/kg
dw were measured in 2020 (Boitsov & Sanden, 2021).

Soil monitoring data have been collected in Germany, Switzerland and China. In
Germany, soil concentrations of MCCPs have reached levels of 49 ug/kg dw (Yuan
et al., 2022). An increasing trend of MCCPs have been observed in Switzerland
between the years 1989 and 2014, with concentrations above 160 ug/kg (Bogdal et
al., 2017). Chinese soil shows much higher values of MCCP with levels in
agricultural soil of 2 000 pg/kg dw, and up to 6 000 pug/kg dw close to a metal
recycling facility (Aamir et al., 2019).

Biota (aquatic and terrestrial)
Globally, MCCPs have been found in biota at different trophic levels.

To the SGU database, a total of 56 biota samples have been reported, including
marine and freshwater fish. Only 20 samples were above detection limit and

showed an average concentration of 4.7 (0.3-17) ng/g ww, see Figure 10.
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In northern Sweden, MCCPs were detected in Eurasian lynx and grey wolf with
concentrations of 0.75-0.83 mg/kg Ilw. MCCPs were also found in moose muscle
with concentrations of 1.6 mg/kg Ilw (Yuan et al., 2019). Also in the Norwegian
Arctic, MCCPs have been found in terrestrial biota with almost 100% detection rate
in birds, with concentrations between 1.1 and 366 ug/kg ww (Schlabach et al.,
2018). In Svalbard, MCCPs have been detected in ringed seal plasma, polar bear
plasma, black-legged kittiwake eggs, common eider eggs, glaucous gull plasma
and Atlantic cod (Harju et al., 2013).

In Canada, MCCPs were found in freshwater fish at high trophic levels with
concentrations around 12 pg/kg ww (Basconcillo et al., 2015). In French freshwater
fish, the MCCP concentrations were as high as 72.7 pg/kg ww (Labadie et al., 2019).
At the Norwegian coast MCCPs were detected in blue mussels and Atlantic cod
liver with concentrations between 13 and 62 ug/kg ww in mussels, and 98-320
ng/kg ww in cod liver (Green et al., 2022). In mussels collected in the Baltic Sea, the
average MCCP concentration was 210 pug/kg lw (De Wit et al., 2020). An increasing
trend has been observed for MCCP values in finless porpoise and Indo-Pacific
humpback dolphin blubber in Hong Kong with concentrations ranging from 0.32
to 56 mg/kg lw (Zeng et al., 2015).

Human exposure

MCCPs have been widely detected in human tissues globally, but data from
Sweden have not been found in any of the databases used in this study. A newly
published study reports MCCP concentrations in blood serum sampled from first-
time mothers in Sweden, between the years 1997 and 2023. Results show
concentrations mostly below detection limit, with the highest average
concentration measured in 2009: 4.7 ng/g (Gyllenhammar et al., 2026).

In China, MCCP concentrations in human blood sampled from the public varied
between 130 and 3 200 pg/kg lw (Li et al., 2017). Also, in placenta MCCP was
detected with values ranging from 80.8 to 954 ug/kg lw (Wang et al., 2018). An
increasing trend was observed in human serum with concentration going from 0.02
pg/L in 2007-2009 to 0.07 pg/L in 2019 (Xu et al., 2022). In the older public (age 50—
84 years), the serum concentration was on average 134 ug/kg ww (Ding et al.,
2020).

MCCPs have been widely detected in human tissues across the world. A UNEP
global survey of pooled human breast milk samples collected from 53 countries on
five continents between 2012 and 2019 found MCCPs present in all 57 pooled
samples, at concentrations ranging from 23-700 pg/kg lw. The highest ranges were
noted in Africa (47-370 pg/kg lw) and Asia (38-540 pg/kg Iw). MCCPs equalled or
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exceeded SCCPs in 43 of 57 pooled samples (Krdtschmer et al., 2021). The European
Food Safety Authority reported MCCP levels in human breast milk between <5.5
and 112 pg/kg lw across 11 European countries (EFSA, 2020). In Scandinavian
samples (Sweden and Norway), the median concentration of MCCP in breast milk
was 29.6 ug/kg Ilw (Zhou et al., 2020).

2.7 Methoxychlor

2.7.1 Description of chemical
Methoxychlor (CAS no. 72-43-5) was introduced as a replacement for DDT and is

an organochlorine insecticide and pesticide first reported to be commercially
produced in 1946 (Karickhoff et al., 1979). The production of methoxychlor peaked
between 1975 and 1985 (Karickhoff et al., 1979; ATSDR, 2002) and steadily declined
between 1986 and 1992 (Gotz et al., 2008). In 2003, the European Union started
phasing out the chemical as an insecticide and bans in several countries were
introduced between 1990s and 2000s. In 2019, no party member of the Stockholm
Convention used methoxychlor anymore (Annex E, 2019).

Methoxychlor is reported to be potentially persistent in the environment. In water,
methoxychlor has a calculated half-life of about 300 days, having higher
persistence at higher pH. Photolysis is not believed to affect methoxychlor in water
(Remucal, 2014). Methoxychlor is also believed to undergo long-range transport in
air. Also, it classifies as highly toxic to aquatic animals (US EPA, 2004). It can
disrupt the endocrine system in fish, amphibians and sea urchins, causing effects
on fertility, growth and development. For birds, methoxychlor is not considered
toxic, it could however affect the hatching process. In mammals, methoxychlor
could disrupt the reproductive system (ATSDR, 2002). Humans are primarily
exposed to methoxychlor through diet, but also through dust particles when
inhaled (ATSDR, 2002; US EPA, 2000). At high doses methoxychlor can act as a
neurotoxin (ATSDR, 2002) and has been associated with leukemia and breast
cancer (Brown et al., 1990; Mills and Yang, 2006; Eldakroory et al., 2017; POPRC
Methoxychlor, 2021).

2.7.2 Swedish and international monitoring data

Data for methoxychlor are scarce in Swedish databases. The only data that were

found were measurements of methoxychlor in sediments made in 2025, but all
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values were under detection limit (SGU database). In scientific literature, no

reports were found studying methoxychlor in any matrices in Sweden.

Air and atmospheric deposition

Between 1993 to 1995, methoxychlor was measured in Arctic air, having average
concentration of 0.12-0.41 pg/m3. In the North Pacific to the Arctic Ocean,
concentrations of methoxychlor in air ranged from 0.02-0.42 ng/m? (Gao et al.,
2019). In urban areas the concentration of methoxychlor in air has varied from 253
ng/m? (1974, Florida), 1.7 pg/m?3 (1988-1989, Canada), 43-990 pg/m? (2003, Turkey),
0.83-13pg/m? (2008, Ghana), up to 115 pg/m?3 (2013-2015, Brazil; ATSDR, 2002;
WHO, 2004; Sofuoglu et al., 2004; Adu-Kumi et al., 2012).

Methoxychlor in atmospheric deposition has been measured to 1.6-13.1 ng/L at
seven locations in Canada in 1976 (Strachan and Huneault, 1979). Between 1986
and 1991, methoxychlor was detected in rainwater in the Great Lakes region with
mean annual concentrations of 2.4 ng/L (ATSDR, 2002).

Water and sludge

Methoxychlor has been detected in surface waterbodies in Europe and Canada,
and in French groundwaters, years after being phased out, providing evidence of
persistence in the water compartment. No information of methoxychlor

measurements in sludge was found.

No Swedish data have been found in any national database. In Europe,
methoxychlor has been measured in several countries, collecting over 4000 samples
during the period 2000 and 2018 whereof 53 samples showed values above the
PNEC (predicted no-effect concentration) value of 0.5 ng/L. In France, measured
concentrations of methoxychlor in surface samples ranged from 0.005 to 0.269 ug/L
(POPRC methoxychlor, 2021). In Canada samples were collected between 2000 and
2015 and showed values varying from 0.027 to 7-9 ng/L in detectable samples.
(Annex E, 2019).

Methoxychlor was also found in an Arctic lake in 1994 (0.010 to 0.022 ng/L; Muir et
al., 1995) and in surface seawater covering the North Pacific to the Arctic Ocean in
20162017 (average 0.13 ng/L; Gao et al., 2019), further indicating persistence in

aquatic environments.

Close to agricultural areas in the USA, methoxychlor concentration in surface
water reached values of 50 pg/L (ATSDR, 2002).
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Sediment and soil

In sediments, the half-life of methoxychlor is about 200 days but could be much
shorter (Muir and Yarechewski, 1984). Also in soil, the half-life of methoxychlor is
reported to be up to 200 days (Chen, 2014).

In Sweden, methoxychlor was measured in freshwater sediments in 2025, but all
results were under detection limit (SGU database). No soil samples have been

reported from Sweden.

Methoxychlor has been detected in sediments in Portugal in 2013 with
concentrations from 21.8 to 89 ng/g dw (Pinto et al., 2016). In 2014 and 2015,
methoxychlor concentrations in sediments in Australia had an average
concentration of 4.3 ng/g (Duodu et al., 2017). In the Great Lakes, sediments
collected between 2013 and 2017 showed an average concentration of 3.7 ng/g dw
(Annex E, 2019).

Soil samples collected during different time periods and locations show varying
average concentrations: 139 ng/kg (2005-2006, Kenya), 3.64 ng/g (2016, urban areas
in Italy), 11 ng/g (2016, rural areas in Italy; Abong'o et al., 2015; Thiombane et al.,
2018).

Biota (aquatic and terrestrial)
Methoxychlor is strongly hydrophobic and is believed to be able to bioaccumulate
in aquatic biota (US EPA, 2012).

In Sweden, four samples have been collected in biota in 2006 and were reported to
all show concentrations of 0.006 mg/kg ww. They were however marked, which

usually indicates they were below detection limit (IVL screening data base).

Methoxychlor has been detected in various biota, also in the Arctic and Antarctica,
including both marine and terrestrial animals. Concentrations ranged from under
detection limit to 86 ng/g Iw (Vorkamp et al., 2004; Filho et al., 2009; Savinov et al,,
2011). Methoxychlor has also been found in fish at concentrations of 2 pg/kg (1981),
18 ug/kg (1988), and 5 pug/kg (1990) in Canada (Annex E, 2019). Methoxychlor has
further been detected in racoons (0.16-3.07 ppm, Florida in 1970s), turtles (2.5-45.9
ng/g lipid, Mexico in 2009), and crocodiles (79-300 ng/g ww, South Africa in 2016)
(Nalley et al., 1975; Garcia-Besné et al., 2015; Buah-Kwofie et al., 2018).
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Human exposure
No data have been found in any of the Swedish data bases, but other studies report
detectable levels of methoxychlor in human breast milk (Damgaard et al., 2006)

and in human serum (Carrefio et al., 2007).

In Scandinavia, breast milk was sampled from women in Denmark and Finland
between 1997-2001, resulting in concentrations of methoxychlor of 0.06-1.12 ng/g
lipid in mothers who gave birth to cryptorchid boys and 0.05 to 0.41 ng/g lipid in
mothers birthing healthy boys (Damgaard et al., 2006).

In Spain, 220 men who works in agriculture were sampled and their mean serum
concentration of methoxychlor was 2.84 ng/mL (Carrefo et al., 2007). Methoxychlor
has also been found in adipose tissue in boys and pregnant women in Spain and in
umbilical cord blood in pregnant women in China (Jimenez Torres et al., 2006;
Lopez-Espinosa et al., 2008; Luo et al., 2016). In Taiwan, sampled breast milk
showed an average concentration of methoxychlor of 0.106 ng/g lipid (Kao et al.,
2019).
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3  Summary and Recommendations

Data for the chemicals studied in this report were compiled from Swedish and
international databases to provide an overview of whether, where, and when each
chemical has been detected in Sweden across different environmental
compartments. The available data were extracted and presented chronologically,

with separate summaries for each chemical and each environmental medium.

Table 3 provides an overview of the data coverage for each chemical across the
relevant media in Sweden. The percentages shown in brackets in Table 3 represent
the proportion of cases in which a chemical was analysed and detected above the
analytical method detection limit.

Table 3. Overview of available Swedish monitoring data (in Swedish databases) per chemical and matrix. Values
represent number of data points. The percentage in parenthesis indicates the detection frequency (percentage of
data recorded above the detection limit).

310 44 101 24 19 40

Dechlorane i i
plus (92%)  (75%) (12%)  (83%) (32%) (65%)
52 17 22 4
Uv-328 -
(48%) (76%) (27%) (25%)
591 798 3167 1697 1480 1142 2694
LC-PFCA -
(39%)  (27%) (20%)  (65%) (24%) (41%) (70%)
247 624 1011 - 142 18
Chlorpyrifos - -
(54%)  (10%) (1%) (1%) (33%)
PEHXS 186 266 4189 469 1584 2604 2450 395
X
(24%)  (23%) (44%)  (81%)  (9%)  (18%) (41%)  (100%)
51 54 318 161 436 56
MCCP - -
(86%)  (94%) (4%) (99%) (8%) (36%)

Methoxychlor - - - - - -
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A summary of monitoring recommendations, based on the data reviewed in this
report, is presented in Table 4 and further explained in the following sections

below.

Table 4. Summary of recommendations for future monitoring in Sweden per chemical and matrix.
Recommendations are based on available data of each chemical, detection frequency, current monitoring and major
exposure pathways. C = Continued monitoring as performed today. T = Target Monitoring when risk of

contamination is suspected. S = Screening is needed to confirm or disconfirm the presence of the chemical in that

matrix. NP = Not prioritized for immediate screening or target monitoring.

Substance(s) Air AtMOS. Water  Sludge Sed. Soil Biota Human
Dep. expos.

Dechlorane C T NP T T T T s
plus
UV-328 T T T T T S S S
LC-PFCA C+S C+S C+S T C+S C+S C+S C+S
Chlorpyrifos C+S C+S NP NP NP NP T S
PFHXS C C T T T T C C
MCCP C C T C T S S S
Methoxychlor S S S S S S S S

C = Continue monitoring T = Target monitoring S=Screening | NP = Not prioritized

Dechlorane Plus

Air is the best-monitored matrix for Dechlorane Plus (DP) in Sweden, with high
detection frequencies (92%) and ongoing national background monitoring since
2017. The data confirm widespread atmospheric occurrence and long-range
transport potential. Continued monitoring is therefore recommended to follow
temporal trends and regional transport patterns. Atmospheric deposition has only
been measured in limited screening studies, but most samples contained detectable
concentrations (75%). Since deposition is an important pathway transferring DP
from air to terrestrial and aquatic environments, additional targeted monitoring

would be valuable to assess long-term deposition trends in Sweden.
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Sediment, sludge, and soil data are limited, but detections indicate that DP
accumulates in particle-rich matrices, consistent with its hydrophobic properties.
Additional targeted monitoring near urban areas, wastewater treatment plants,
and waste facilities would therefore be valuable. Water showed low detection
frequencies (12%), likely due to the low water solubility of DP, and is therefore of

lower priority to monitor.

In biota, DP has been detected in 65% of the Swedish observations, although the
dataset is relatively limited to grey seal. International studies show widespread
occurrence and biomagnification in food webs. Renewed targeted monitoring in
biota could therefore be motivated, particularly in top predators and marine

species.

No Swedish data on human exposure to DP were identified, but studies show that
DP can be detected in indoor durst, human milk, hair and serum. Screening in
human matrices or indoor environments could be considered to assess current

exposure levels in Sweden.

Uv-328

Air and atmospheric deposition have only been screened to a limited extent in
Sweden, with all measurements below detection limits. However, international
studies indicate local emissions in urban areas and additional target monitoring in

Swedish urban air could therefore be relevant.

Water and sludge monitoring is limited and mainly based on older screening
studies. About half of the water samples and most sludge samples contained
detectable concentrations, with sludge concentrations in the upper range of
international observations. Renewed targeted monitoring of wastewater treatment
plants, sludge, and receiving waters is therefore recommended. This also includes
additional targeted monitoring of sediments near wastewater discharge points and

urban areas to improve understanding of long-term accumulation.

Very limited soil data are available, but recent international studies suggest that
plastic mulch films may be a source of UV-328 to agricultural soils. Screening of
Swedish agricultural soils could therefore be relevant. Biota monitoring in Sweden
has mainly resulted in non-detects, although international studies demonstrate
widespread occurrence in food webs. Additional screening in aquatic biota could

help clarify whether UV-328 occurs at low levels in Swedish ecosystems.
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No Swedish data on human exposure were identified, but international studies
show that UV-328 occurs in breast milk and urine, indicating ongoing human

exposure. Screening in human matrices in Sweden could therefore be relevant.

LC-PFCA

Some of the shorter-chain LC-PFCAs (C9-C11) are monitored in Sweden across
several environmental matrices, whereas data for longer-chain LC-PFCAs (e.g.
C12-C21) remain limited in almost all matrices, both in Sweden and
internationally. A general recommendation is therefore to continue existing
monitoring while expanding screening efforts for longer-chain PFCAs in different
matrices. This overview also did not include LC-PFCA salts and related
compounds included in the Stockholm Convention listing, meaning that additional
assessment of Swedish data and future screening or monitoring needs is

warranted.

PFCA C9-C11 in air and atmospheric deposition are included in Swedish national
monitoring, and continued monitoring is motivated due to their widespread

occurrence and long-range transport potential.

Water, sludge, sediment and soil show frequent detections in Sweden, particularly
near wastewater treatment plants, landfills, and firefighting sites. Biota monitoring
is also relatively extensive and demonstrates bioaccumulation in aquatic and
terrestrial food webs. Continued monitoring is therefore important, especially in

top predators and fish species relevant for human exposure.

Human biomonitoring in Sweden shows decreasing trends over time for several
LC-PFCAs, but continued monitoring remains relevant due to ongoing exposure

via food, drinking water, and indoor environments.

Chlorpyrifos

Air and atmospheric deposition are well covered within the Swedish pesticide
monitoring programme in southern Sweden and show consistent detections.
Continued monitoring is motivated, as atmospheric transport is likely the main
pathway of chlorpyrifos to Sweden. Additional screening in northern remote areas

could also be relevant to further assess long-range transport.

Water, sludge, sediment, and soil data from Sweden show very few detections or
have not been monitored at all, consistent with the fact that chlorpyrifos has never
been approved for agricultural use in Sweden. No immediate need for additional

screening or monitoring is currently identified.
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Biota monitoring in Sweden is limited and has mainly resulted in low or non-
detectable concentrations. Chlorpyrifos is widely reported internationally, and a
renewed target monitoring campaign could help confirm the absence or low

occurrence of chlorpyrifos in Swedish biota.

No Swedish human biomonitoring data were identified. International studies
demonstrate widespread exposure, particularly in agricultural regions and through
food. Since residues have previously been detected in imported food products in

Sweden, renewed screening of imported foods could be relevant.

PFHxXS

PFHXxS has been measured across all environmental media in Sweden, with
comprehensive data coverage. In air and atmospheric deposition, monitoring has
been conducted since 2017, yielding a 39 and 27% detection frequency,
respectively, — an outcome likely attributable to long-range atmospheric transport.
Continued monitoring of air and deposition in Sweden remains essential to track
concentration trends and assess the impact of the inclusion of PFHXS in the

Stockholm Convention.

The lowest detection frequency for PFHxS was observed in sediments, where only
9% of results exceeded the detection limit. However, periodic monitoring through
targeted screening studies is recommended to track any future developments. Soil
sampling in Sweden has been conducted predominantly in contaminated areas.
While continued sampling is warranted where contamination is suspected,

extensive systematic monitoring is unlikely to be necessary at this stage.

As illustrated in Figure 8, PFHXS in biota have shown slightly increasing
concentrations over time. Given this trajectory, ongoing biota monitoring should be

maintained as a priority.

PFHXxS has been extensively investigated in water and sludge samples across a
range of locations, with a particular focus on areas in proximity to contaminated
sites and known pollution sources. Occasional monitoring of these matrices is

recommended.

PFHxS has ongoing monitoring in various human matrices and continued

monitoring is therefore recommended.

MCCP
MCCP has been continuously monitored monthly in Sweden in air and

atmospheric deposition as part of the national Swedish environmental monitoring
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programme since 2017. Detection frequency stands at 86 and 94% in respective
media. While SCCP concentrations show a declining trend, MCCP concentrations
display no clear directional change (Klemetz et al., 2024). Continued monitoring of
MCCP in air and deposition therefore remains important to evaluate the effects of

its inclusion in the Stockholm Convention.

Sediments have been sampled for MCCP analysis in recent years; however, only
8% of results were reported above the detection limit. No Swedish soil data for
MCCP were identified in the available literature, and it is therefore recommended

that targeted screening studies to be conducted to establish a baseline.

Only a limited number of species in biota have been sampled for MCCP in Sweden,
with very few measurements carried out in recent years. The overall detection
frequency was 36%. It is recommended that screening studies should include

additional species to broaden the understanding of MCCP occurrence in biota.

Water samples have been collected in considerable volume over recent years,
though with a notably low detection frequency of 4%. On this basis, water analysis
is recommended on an occasional basis only, carried out as needed rather than as
part of routine monitoring. MCCP has been detected in almost all sludge samples
analysed, and continued systematic monitoring of MCCP in sludge is therefore

recommended.

No Swedish continuous monitoring for MCCP were identified in human matrices
even though it has been detected extensively internationally. Screening campaigns

of MCCP in human matrices could therefore be relevant.

Methoxychlor

Methoxychlor has received relatively little scientific attention in Sweden to date.
Only a small number of data points were identified in sediments, with all values
falling below the detection limit. Given that methoxychlor has been successfully
monitored in air and atmospheric deposition in other studies and has been
detected in the Arctic as a result of long-range atmospheric transport, it is
recommended that methoxychlor is included in screening programmes for air and
deposition in Sweden as part of the national environmental monitoring

programme.

Although the environmental half-life of methoxychlor in sediments and soil is
likely less than one year, the compound has been detected in other countries
several years after its ban. Screening studies in these matrices are therefore

recommended in a Swedish context.
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Given that only limited data have been collected from biota, and that no
measurements have been reported for methoxychlor in water or sludge, screening
studies across all relevant matrices are recommended to establish a more

comprehensive picture of its environmental occurrence in Sweden.

No Swedish continuous monitoring for methoxychlor were identified even though
it has been detected internationally. Screening campaigns of methoxychlor in

human matrices could therefore be relevant.
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