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OUTLOOK
q Background concentrations of PFAS in Swedish environment

I. Surface water

II. Ground water

III. Potable water

IV. Soil

V. Sediment (inland lake)

VI. Atmospheric deposition (air and rain/snow)

VII. Waste water treatment plants (effluent and sludge)

VIII. Landfill leachates

IV.    Summary

q Case study: 10 years of sampling and analyis of PFAS in lakes and biota within the City of
Stockholm

q Lessons learned and take home message
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BACKGROUND CONC. SURFACE WATER

Measurement of PFAS26 and PFOS (ng/L) content in 215 surface water samples included in the 
Water Framework Directive (screening 2015). The height of the blue stack is sum concentrations 
of PFAS-26, yellow-colored stack indicates the level of PFOS. Orange vertical line indicates EU 
EQS for PFOS, 0.65 ng/l. Note that the scale is logarithmic.

Geographic distribution of PFOS concentrations in 
surface water. Dots with orange and red color illustrate 
concentrations above European EQS for PFOS, 0.65 ng/l. 

Rapport 6709
Mars 2016
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BACKGROUND CONC. GROUNDWATER

Measurement of PFAS26 and PFAS7 (ng/L) in N=173 samples from water supplies.  The height of 
the blue stack is sum concentrations of PFAS-26 , yellow-colored part indicates the level of PFOS. 
Orange line indicates the National food agancy, Swedem guideline values f or PFAS7 90  ng/l. 
Note that the scale is logarithmic.

Geographic distribution of PFOS concentrations in 
groundwater. Dots with orange and red color illustrate 
concentrations above European EQS for PFOS, 0.65 ng/l. 

Rapport 6709
Mars 2016
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BACKGROUND CONC. POTABLE WATER
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BACKGROUND CONC. POTABLE WATER
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BACKGROUND CONC. IN SOIL
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BACKGROUND CONC. IN SEDIMENT
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BACKGROUND CONC. IN AIR AND 
ATMOSPHERIC DEPOSITION 
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BACKGROUND CONC. IN AIR AND 
ATMOSPHERIC DEPOSITION 

Concentration
Min-max 

(mean, median) 

Stockholm, 
Stockholms 
universitet (2015-
2016) 

Stockholm 
Kungsholmen 
(2018-2019) 

Krycklan, Umeå                 
(2011- 2012) 

Ra ̊ö, Göteborg
(2015- 2016) 

PFHxA pg/L 0-3981 (498,246) 235-1077 
(588,580) 

228-1691 
(826,731) 51-331 (165,168) 

PFHpA pg/L 59-5792 (732,371) 354-1354 
(666,570) 107-654 (650,625) 152-461 (269,269) 

PFOA pg/L 168-1377 
(469,373) 

393-1396 
(782,772) 

217-1181 
(650,625) 

303-1297 
(779,814) 

PFNA pg/L 102-6762 
(961,543) 210-854 (501,524) 84-289 (179,176) 360-839 (460,392) 

PFDA pg/L 45-1812 (390,163) 139-780 (380,381) 35-211 (131,148) 64-171 (93,92) 

PFUnDA pg/L 0-1981 (830,831) 72-419 (197,188) 31-106 (63,57) 30-1731 (502,301) 

PFHxS pg/L 0-75 (22,9) 0-169 (27,0) 5-51 (17,13) 28-2373 (595,152) 

L-PFOS pg/L 0-391 (115,101) 0-404 (206,175) 16-110 (48,39) 284-1152 
(716,611) 

Reference Johansson et al, 
2018 

Filipovic 2021, not 
published Filipovic et al, 2015 Johansson et al, 

2018 
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MASS BALANCE OF PFAS IN 
ATMOSPHERIC DEPOSITION

Sample analyzed
with EOF

EOF mass balance
Identified vs unidentified



BACKGROUND CONC. IN EFFLUENT
AND SLUDGE FROM WWTPS
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MASS BALANCE OF ORGANOFLUORINE
IN EFFLUENTS AND SLUDGE

The proportion of Unidentified Organofluorine is very high in both effluents and sludge! New methods to 
identify the unknown PFAS are needed in order to make better riskassesments.

EFFLUENTS SLUDGE



BACKGROUND CONC IN LANDFILL
LEACHATES

BACKGROUND CONC IN LANDFILL
LEACHATES

BACKGROUND CONC IN LANDFILL
LEACHATES
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New mass balance
approaches show that PFAS 
measured today only
encompass a small fraction
of total amount of
organofluorine in the 
samples and thus what is 
present in the environment !

SUMMARY
Atmospheric depostition

Air: 0,3-2,7 pg m3
Rain/snow 2 to16 ng L-1

Surface water
<LOD to >100ng L-1

Groundwater
<LOD to >100ng L-1

Potable water
<LOD to <50 ng L-1

Soil
0,3 to 8,5 ng g-1 d.w.

Sediment
<1,0 to 10 ng g-1 d.w.

Waste water treatement plant
Effluent: >60 ng L-1

Sludge: >10 ng g-1 d.w.

Landfil leachates >100 to >1000 ng L-1
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LESSONS
LEARNED

M A R KO  F I L I P OV I C

From 10 years of sampling and analysis of lakes and biota
within the City of Stockholm



ENVIRONMENTAL MONITORING, 
SURFACE WATER AND BIOTA

• Since 2010, the City of Stockholm has been conducting monthly environmental 
monitoring of surface water, as well as annual sampling and analysis of biota (muscle 
and liver from perch), within the city's water bodies. 

• The present study evaluates of all compiled data from environmental monitoring 
program of the City of Stockholm since 2010, which includes a dataset of a total of 
1,369 samples and 17,678 measured values for surface water and 124 samples 
and 1,817 measured values for biota. 

• PFAS that are detected in more than 80% of the samples are included in the evaluation 
and statistical analysis.  

• For water: PFBS, PFHxS, PFOS, PFHxA, PFHpA, PFNA and PFDA.

• For biota: PFOS, PFDS, PFOSA, PFDA and PFUnDA. 
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MAP CITY OF STOCKHOLM
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Sampling:
10 Inland lakes
6 Basins of Lake Mälaren
4 Costal close water bodies



SAMPLING 2010-2020
    Provtagnings år 
 Vattenförekomst 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Insjöar 

Drevviken !  !    !  !  !  !  !  !  !  !  
Flaten         !  !  !  
Judarn   !    !  !  !  !  !  !  
Kyrksjön                  
Långsjön      !  !  !  !  !  !  
Magelungen      !  !  !  !  !  !  
Råcksta träsk      !  !  !  !  !  !  
Sicklasjön          !  !  
Trekanten   !      !  !  !  !  
Ältasjön                   !  !  

Mälaren 

Bällstaån*                       
Fiskarfjärden       !       
Görväln       !       
Riddarfjärden       !  !  !  !  !  
Ulvsundasjön      !  !  !  !  !  !  
Årstaviken !  !  !  !  !  !  !  !  !  !  !  

Kustvatten- 
förekomster 

Brunnsviken       !  !  !  !  !  !  !  !  
Lilla Värtan        !  !  !  !  !  
Saltsjön                      
Strömmen !  !  !  !  !  !  !  !  !  !  !  
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PFAS ANALYSIS 2010-2020
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Increased number of matrixes and analytes over time



PFAS ANALYSIS 2010-2020
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Increased number of matrixes and analytes over time



TEMPORAL TRENDS IN WATER
DREVIKEN ÅRSTAVIKEN SALTSJÖN

PFSAs

PFCAs



STATISTICAL ANALYSIS
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2015-2020 2015-2020



STATISTICAL ANALYSIS
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PFAS IN LIVER AND MUSCLE
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NEW DATA!



LESSONS LEARNED, 
TAKE HOME MESSAGES
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1) In 2010 the environmental monitoring program included annual sampling of biota in three water 
bodies and only analysis of PFOS.  Ten years later in 2020 the environment monitoring program 
expanded to monthly sampling of surface water in 17 water bodies including analysis of 28 different 
PFAS substances, as well as annual sampling of biota in 15 water bodies and analysis of 13 PFAS 
substances. = EXPANSION OVER TIME

2) The design of the environmental monitoring, but above all the scope, has developed during the years 
since it was initiated. NOT STATIC

3) A continuous monitoring of the environment is essential in order to identify changes of 
concentrations and chemical pattern over time. One measurement is only informative data, multiple 
measurements could be used for trend analysis and fingerprinting. BIG VALUE

4) Are all compounds or matrixes necessary to measure? RETHINK
5) After some (years) of monitoring, evaluate the data and change analytical parameters/scope if needed. 

REDISGN
6) Use the accumulated data and make something out of it.  Time trends or models? USE THE DATA 

WISELY, EXCEL
7) Strive for the future problems as well. Test new analytical methods they might give new insights. 

PIONEER



QUESTIONS ?               
Ask or mail to:

THANK YOU FOR YOUR ATTENTION
•ATV Jord og Grundvand for the invitation
•Ebba Sellén at SellénMiljö for preparing the PPT
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Telefon 0721424218               
E-post: ebba@sellenmiljo.se
www.sellenmiljo.se

marko.filipovic@mil.se

Artist
Andreas Ekoutsidis


