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OUTLOOK

(J Background concentrations of PFAS in Swedish environment

l. Surface water

PFAS VATTENCYKEL 1 okacaroled Moaiiorumias iodaph prodAder
.  Ground water e S e

Bostader och kontor
-

lll. Potable water o .

V. Soil
V. Sediment (inland lake)

VI.  Atmospheric deposition (air and rain/snow)

SellénMiljo GRUNDVATTEN

VII. Waste water treatment plants (effluent and sludge)
VIII. Landfill leachates
V. Summary

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

[ Lessons learned and take home message
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Uppmatt halt PFAS, och PFOS (ng/l) i ytvattenférekomster NATUR
Veaker
1000 Rapport 6709
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Measurement of PFAS,, 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.

BACKGROUND GONG. SURFAGE WATER

Medelhalter av PFOS i ytvatten
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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.
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BACKGROUND CONC. GROUNDWATER

NATUR Medelhalter av PFOS i grundvatten NATUR
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Measurement of PFAS,, and PFAS; (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 PFAS; 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.
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BACKGROUND GONG. POTABLE WATER

Lagst uppmatt halt PFAS 4|Hogst uppmiitt halt PFAS 4 |Personer med vatten over 3,77 ng/L

@ Hf\lmstad 13 000
— Gavle 83 000
Sundsvall 1500
Uppsala 86 000
Jonkoping okant
. - Karlskrona <500
Undersokning: Bistad 500
- Ockelbo okint
PFAS i svenskt Ljungby 19,000
. Visteras 140 000
dricksvatten Osthammar 2800
Vistra Skéne ( inkl. Malmg, Lund) 500 000
Stor-Stockholm 1300 000
Ostersund <500
Brécke <500
Sodertilje 96 000

Gotland <1,29 2,95

Eskilstuna/Strangnas <14 382

Norrkoping <14 2,64

Lidkdping 24 24

Hjo 2,35 2,35

Goteborg 1,98 23

Linkoping <1,59 23

Skovde 22 22

Karlstad <14 177

Angelholm <1,64 <1,64

Ronneby <l4 <1,54

Luled <14 <14

Alingsas <14 <14

Borlange <l4 <l4

Umea <14 <14

Hofors <11 <11

Alvkarleby <1 <11

Oland <1 <11

Kalmar <09 <1

Nordvéastra Skane (inkl. Helsingborg) <7 <7

Ludvika kommun <7 <7

Boden <4 <40

Skelleftea <4 <4,1

Eksjo <11 <4

Orebro kommun <22,5 <22,6

Soderhamn 2,45 <225

Gislaved ej svarat ej svarat

|Nykdping e] svarat ej svarat
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BACKGROUND CONC. POTABLE WATER

Hogsta uppmatta halter av PFAS per omrade

) i

Undersﬁkning; Hér borde atgérdsgransen ligga. Livsmedelsverkets nuvarande atgardsgrans.

PFAS i svenskt Halowid
dricksvatten e

Sundsvall
Uppsala
Jonkoping
Karlskrona
Bastad
Ockelbo
Ljungby
Vasterds

1
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Analysis of per- and polyfluoroalkyl
substances (PFASs) in soil from
Swedish background sites

Analys av PFAS i mark frin
bakgrundsomriden

e Ghack ha W, i et s Movem

PFAS concentration (ng g—* dw)

1 23 45 6 7 8 9 10111213 14 15 16 17 18 19 20
Sample ID

Composition profile (%)
0% 10% 20% 30% a0% 50% 60% 70% BO% 920% 100%
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PFHpA

© PFOA
® PENA Figure 4. Composition profiles (%) for individual PFASs for soil samples ordered

latitudinally from north to south.
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Figure 3. Composition profiles (%) for Y PFCAs, Y PFSAs and ) PFAS precursors
21 22 23 24 25 26 27 28 29 30 31 M 6:2 FTSA samples ordered latitudinally from north to south.
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PFAS-SEDIMENT

PFAS utbrednmg i Malarens sedlment

NIRAS SWEDEN AB

MILIOFORVALTNINGEN STOCKHOLMS STAD

Provtagningspunkter
1) Gorviln

| 2) Rodstensfjirden

| 3) Fiskarfjdrden

4) Ballstaviken

5) Ulvsundasjén

6) Arstaviken
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ATMOSPHERIC DEPOSITION

Stockholm,
Stockholms

Concentration
Min-max
(mean, median)

universitet (2015-
2016)

Stockholm
Kungsholmen
(2018-2019)

Krycklan, Umea
(2011- 2012)

Rao, Goteborg
(2015- 2016)

235-1077 228-1691
PEHXA pg/L 0-3981 (498,246) | (zge sao) ) 51-331 (165,168)
PEHPA pg/L 59-5792 (732,371) | >4~ 13>4 107-654 (650,625) | 152-461 (269,269)
168-1377 393-1396 217-1181 303-1297
HEO8 pa/L (782,772) (650,625)
102-6762
PENA pg/L 210-854 (501,524) | 84-289 (179,176) | 360-839 (460,392)
(961,543)
PEDA pg/L 45-1812 (390,163) | 139-780 (380,381) | 35-211 (131,148) | 64-171 (93,92)
PEUNDA pg/L 0-1981 (830,831) | 72-419 (197,188) | 31-106 (63,57) 30-1731 (502,301)
PEHxS pg/L 0-75 (22,9) 0-169 (27,0) 5-51 (17,13) 28-2373 (595,152)
L pFos 284-115
i pg/L 0-391 (115,101) | 0-404 (206,175) | 16-110 (48,39) A
Johansson et c icaalewr- - . ohansson et al,
Reference published Filipovic et al, 2015

2018

2018
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BACKGROUND GONG. IN EFFLUENT
AND SLUDGE FROM WWTPS

—
€SAT | Water fod Lecenp [l C2-C3 C4-C7  pcs-ci4, C =1 ce-c10, 2PFCAN | TsPFSA |
Fluorine Mass Balance Analysis of Effluent and Sludge from No.z: PFCA PFCA / D 45 ‘ CI2PhaA koo - precursors
T - i EFFLUENT (diss + part.) era";z‘_‘s SLUDGE Egl';':“ws
\ e N Viikinmaki | 7 N 65 a\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 126
Viinikaniahti [l V///////A=E:2:§:S:E:§:£1 N 41 75
Umea |Effluent not collected z-:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-
SWE Ryaverken |Effluent not collected . 77
Gasslosa 179
Henriksdal 7 AT
DNK Randers 148
Viborg 77, NN —135
NOR Hias - Sept. 7 AN
Hias - June. 64
FRO Landssjukrahusid Sludge not collected
Sersjantvikin 38"
ISL Klettagarbar Sludge not collected
Hafnarfjordur Sludge not collected
GRL Nuukullak Sludge not collected
Qernertunnguit Sludge not collected
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

213PFAS 3 PFSA. PFHXPA, PFOPA, PFDPA, 6:6 PFPIA, 6:8 PFPIA, 88 PFPIA, PFECHS, 6:2 CHPFESA, 82 CHPFESA, ADONA, HFPO-DA

Figure 4. Profiles of the major PFAS classes and the 13 remaining PFAS present in WWTP effluent (combined dissolved and particulate phase)
(left) and sludge samples (right) from the Nordic countries. ) ,;PFAS levels are given in nanograms per liter for effluent and nanograms per gram
of dry weight for sludge. *Two sludge samples from Sersjantvikin were collected; the one collected together with effluent is shown here.
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MASS BALANGE OF ORGANOFLUORINE
IN EFFLUENTS AND SLUDGE

EFFLUENTS

LEGEND

C2-C3 PFCA

FIN Vilkinmaki § 1460
Viinkaniahti 3] 1450
Gasslosa
SWE Henriksdal 1372
DNK Randers | 33 1010
Viborg i3 1100
Hias - Sept 41330
NOR i - e | 11240 ©
Landssjukrahisid
FRO
Sersjantvikin
Klettagaroar
ISL Hafnarfjordur Sl 663
Nuukullak ¥ | 797
GRL Qernertunnguit [ % 1183*
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

PFAS C2-C5 PFSA (n=4), FTSA (n=3), FTCA (n=2), FTUCA (n=3), mPAP (n=3), diPAP (n=21), FASAA (n=3)
252 SAMPAP (n=2), PFPA (n=3), PFPIA (n=3), PFECHS, 6:2 CLPFESA, 8:2 C-PFESA, ADONA, HFPO-DA

SLUDGE

CB-C14. C186, C6-C10, = T PFCA JsPFSA
LEGEND C18 PFCA C12 PFSA | precursors : precursors
7
Viikinm aki D 1 k210
FIN Viinikankahti 2 {§ 170
Umed 7 “f140 P
Ryaverken | EOF <LOQ S
SWE Gasslosa’ B Iy 1 S 56 -g
Henriksdal A 53 110 >
Randers V. R ] 1120|T
DNK Viborg' W P ]~ 880 ‘;
HIAS Sept | EOF <LOQ )
NOR HIAS June W/A | S o e " ri'ﬁ] 72 =
FRO Sersjantvikin, 1 B 82
Ser sjantvikin 2 l' '-_‘:.'::.'::;v::::_’_’:_'_::_'_'_'_'_':_::_’:_‘:_‘:_'_‘_-_‘_’::_’_’:_’_V; 39
0% 10% 20% 30% 40% 5S50% 60% 70% 80% 90% 100%
sy B ero \\\
T.PFSA Y'PFAS
precursors FASAA - &

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.
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PFAS PA AVFALESANLAGGNINGAR

PFOS
PFHxA
PFOA
PFHpA
PFDA
PFNA
PFHpS

PFOSA
PFUd

PFDoA
DMOA

mPFAS

PFHxS
PFBA

HPFHpA

nPFAS1

"W?-'
nPFOS/PFOA

St
re

WS Fyndfrekvens PFAS i lakvatten i Sverige —
0% 20% 40% 60% 80% 100% 100
PFOA | | | 92 ~ ia
PFHXS | ) 63 -
PFOS ‘ ’ ‘ be 1
‘ | i
e — 5 0,1
PFHpA - 63 ZE5EEE
PFBS _ 61
6:2 FIS _ 44 l,ill\'\'iltt(‘n‘ b(‘hill](“ilt
FFNA — 63 1000000

Lakvatten, obehandlat
100000
42 63 43
10000 24598 H4nn; |||
e — b b
PFBA _ 45
HPFHPA N 10

100000

‘ [
FIOA I 63 10

i, [ 10000 12

42 FTS | 11 gy 1 X wiE
l [ 1000 11
PROSA —[ 39 1 1
2
PDS I 22 _ 100 10
| \l 56 4
PFHpS | 47 z 10
‘ |
82 FTS I 15 !
r

PFUGA N 56 0,1
| | ; ¢ <
PFDo\ N 51 EEEZBREALSC

PFDA
PFNA
PFHpS
1:2 FTS
PFOSA
PFUdA
PFDS

PFDoA

7
o

PFHxDA
SumPF(

P37DMOA

P37DMOA | 10

SumPFAS1

I
nPFOS/PFOA

PFTeDA | 10

SumPFC 7st ref 3

PFHxDA | 8

PFTriDA | 2 mMax aMedel for detekt e Median fr detekt
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Atmospheric depostition

SUMMARY

Rain/snow 2 tol 6 ng L-1

Surface water

Landfil leachates >100 to >1000 ng L-I
<LOD to >100ng L-|

Groundwater
Waste water treatement plant <LOD to >100ng L-I

Effluent: >60 ng L-1
Sludge: >10 ng g-1 d.w.

New mass balance
approaches show that PFAS
measured today only

encompass a small fraction v
edimen
of total amount of ¢ Potable water

organofluorine in the <l,0to 10 ng g-1 dw. <LOD to <50 ng L-I

samples and thus what is Soil
present in the environment !

0,3 to 8,5 ng g-1 d.w.
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SellénMilj6
Vi kan miljofororeningar

Ix;‘ @ivl

. _SVENSKA
MILJOINSTITUTET

Naturhistoriska
riksmuseet

Stockholms
stad

LESSONS
LEARNED

From 10 years of sampling and analysis of Iakes and biota
within the City of Stockhoim

Selleanljo
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ENVIRONMENTAL MONITORING,
SURFAGE 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.

and statistical analysis.
For water: PFBS, PFHxS, PFOS, PFHxA, PFHpA, PFNA and PFDA. Sel Ié n M i I
* For biota: PFOS, PFDS, PFOSA, PFDA and PFUnDA.

* PFAS that are detected in more than 80% of the samples are included in the evaluation

JO

Vi kan miljofororeningar
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MAP GITY OF STOCKHOLM

Legend Sampling:
O3 Stockholms stad 10 Inland lakes
Insjoar ) .
— Méjlaren 6 Basins of Lake Malaren
Kustvattenforekomster| 4 Costal close water bodies
L Vattenomraden
Béllstaan Vattendrag

Ulvsundasjon

0 C’:’”“‘V\‘ - e
K/ { —
( t ; }—‘g\ T "i\,j})‘“j}- t
& Riddarfjarden” .. /%
[&. IR, IAtEX
LD, S JxZ/ Trekanten S22y, ,,
f T3 7 gt e %
L S Arstaviken icklasjon

Stockholms stad

Altasjon

Flaten
= A | SN ] SellénMilj6
— SellénMiljé

Vi kan miljofororeningar
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SAMPLING 2010-2020 SellenMiljo

Vi kan miljofororeningar

Provtagnings ar
Vattenforekomst 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Drevviken Y Y & B & DY Y Y Y B
Flaten T B &
Judarn De B D Y De BDe Y
Kyrksjon
Inland lakes Langsjon S ™ S S o o
Insjoar
Magelungen o o] ™ o] D o
Racksta trask Y D N Y N N
Sicklasjon D oY
Trekanten o N B A A
Altasjon a a
Ballstaan*
) Fiskarfjarden B
Lake"MaIarenl Gérvaln r
ki Riddarfjarden . ™ M B =
Ulvsundasjon D D D ] 0! o]
Arstaviken o e e > N > o e D > ™
Costal close water Brunnsviken > D D D D L D D
Rustvatten-  Lilla Vartan ~ 1> |=> [> [=
forekomster Saltsjon
Stréommen D D D D D Y D N N De Y
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PFAS ANALYSIS 2010-2020 >¢'enMiljo

Vi kan miljofororeningar

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
v Bm |BL| Y |Bvm| B | vy [BM| BL |yv|BM|BL| YV [BM[BL| YV |BM|BL|YV| BM [BL|YV|BM|BL|YV|BM|BL|YV|[BM|BL|YV|BM]|BL
PEBA 063] 02 0.6
PEPeA 041 | 02 0,1
PEHXA 2040 o 08-25 01-05 [ 01 [01]04| 02 |01 |04 [02]01]0402]01]|01]01 0,1
PEHpA 5 5,0-35 03-1,0 00101 [ 01 [o01 02 o1 [o2[o02[01[02]02[01]02]01]02 01 [ 02
PEQA ioanl 95 1,010 0845 0103 |01 |01[02| 05 [03]|02]02|02[02|02][02]02]|02 02 | 02
PENA 1,0-10 1,0-10 0,3-1.2 00301 |01 | 01| 01 0,1 o1/,01]1]01)01|01|03|03]|01]03 01103
PEDA 04-1.0 0,02-03 [ 01 [ 01 01 [ o4 01 [ 01 01010102 01| 02
PEURDA 02-06 0,03-01 [ 01 [ 04 01 [ o4 005[ 01 01 01 0.2 02 ] 02
PER0DA 05| 05
RETIDA, 05| 05
PETeDA 05 | 05
PEBS. 10 10 04 0,03-0,9 [001[001] 01 | 005 [005[ 01 [005[005] 02 [02[02] 0102 0,1
PFHxS 3 > 006 |002|002| 01| 002 [002| 01 |002|002| 01|02 ]|02]01 |02 0,1
PFOS 14 0107 [o1[o1[01] o1 [o1]o1[01][01[01][01][01][01]01 01 | 01
PEDS 1 N 0.2-03 04 05 | 04 [002| 05| 04|02]|02]|04]03 04 | 03
62FTS 04 041 | 01 01 | 0.1
8:2FTS 2 20| 03
PEQSA. 2 1 0,02 | 0,02 005 | 0,05 005]0,05| 04 [005]005 0,1 01| 01
N-MeEQSA 20
N-ELEQSA 2,0
FEQSAA. 2,0
N-MeEQSAA 1,0
N-EtEQSAA 1,5
6:2 ETUCA 20
8:2 ETUCA 2,0
10:2 ETUCA 2,0
5:3 ETCA. 20
7:3 EICA N 2,0
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PFAS ANALYSIS 2010-2020 >¢'enMiljo

Vi kan miljofororeningar

2010 2011 2012 2013 2014 2015 2016 2017 2018
v |Bv |[BL|Y |BM| B | Yv |BM| BL |Yv|BM|BL| YV [BM|BL| YV |BM|BL|YV| BV |[BL|YV|BM|BL|YV|BM]|BL BL
REBA.
REReA
PEHXA 2010 = 01-05 (01| 01| 04| 02 [01]| 04|02 01| 04]|02] 01
PEHPA 5 5,0-35 00101 [ 01 [01[o02] 01 [02[02]01]02]02]01]02
PEQA o0l 35 110-40 01-03 [01]|01[02| 05 [03]|02[02]|02[02]02]02
PENA 1,010 1,010 00301 |01 01 [0t o1 [o1[o1[o1[o01]01]03][03
PEDA 0,02-03 | 01 [ 01 01 | o1 01 [ 01 01 | 0.1
PEURDA 0,03-01 [ 01 [ 01 XHEX 005] 01 01| 01
PEDoDA
PETDA 05| 05
PETeDA 05|05
PEBS. 10 10 04 0,03-09 [0,01 {001 01 [ 005 [005[ 01 [005[005] 02| 02020102 0,1
PFHxS 3 1 006 |002|002| 01| 002 [002| 01 |002|002| 01|02 02|01 |02 0,1
PFOS 14 0107 |01 o101 ] o1 [o1]o1[o1][01][o01[01]01]01]01 01 | 01
PEDS 1 19 0.2-03 04 05 | 04 [002| 05| 04 |02]|02]|04]03 04 | 03
62FTS 04 01 | 01 01 [ 01
82 FTS 2
PEQSA 2 1 0,02 [ 0,02 0,05 | 0,05 0,05 005] 04 [005] 0,05
N-MeEQSA
N-EtEQSA
FQSAA.
N-MeEQSAA
N-EtEQSAA
6:2 ETUCA
8:2 ETUCA
10:2 ETUCA
5:3 EICA
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L’I’EMPGHM TRENDS IN WATER
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STATISTIGAL ANALYSIS
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STATISTIGAL ANALYSIS SellenMiljo

Vi kan miljofororeningar

Trendg atten, sulfonsyror Trender i ytvatten, karboxylsyror
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log-koncentration lever

0.0
log-koncentration muskel

PFAS IN LIVER AND MUSCLE

ﬁ//
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PFDA
PFDS
PFOS
PFOSA
PFUnDA

SellénMiljé

Vi kan miljofororeningar

15,8 (13,1;19,1)
13,6 (11,3; 16,3)
16,3 (14,7, 18,1)
4.2 (3,5;5,1)

15,1 (12,8; 17,7)

NEW DATA!
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LESSONS LEARNED, SellénMiljé
I Kan mijorororeningar
TAKE HOME MESSAGES

) 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 |7 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 OVERTIME

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

MARKO FILIPOVIC



THANK YOU FOR YOUR ATTENTION

*ATV Jord og Grundvand for the invitation

*Ebba Sellen at SellenMiljo for preparing the PPT

QUESTIONS ?
Ask or mail to:

Andreas Ekoutsidis

MARKO FILIPOVIC

marko.filipovic@mil.se

SellenMiljo
Telefon 0721424218

E-post: ebba@sellenmiljo.se
www.sellenmiljo.se




