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Forord

For at sikre, at der fortsat kan opretholdes en hgj genanvendelsesprocent uden en uaccepta-
bel spredning af problematiske stoffer i miljget, ensker Miljgstyrelsen, at der fastsaettes tids-
svarende graenseveerdier (bade for faststofindhold og udvaskning) for slagge ved anden ende-
lig materialenyttiggerelse i bygge-og anlaegsarbejder. Med henblik pa at tilvejebringe et sikkert
fagligt datagrundlag, som gar det muligt at fastseette tidssvarende graenseveerdier for et ud-
valg af problematiske stoffer i affaldsforbraendingsslagger, bade for faststofindhold og udvask-
ning, i forbindelse med anden endelig materialenyttiggarelse af disse, gennemfartes i 2021 et
projekt med dette formal. Resultaterne heraf, som er beskrevet i Miljgprojekt 2205/2022, for-
ventes at skulle indga i fremtidigt arbejde med revision af Restproduktbekendtgerelsen. Un-
dersggelsen fra 2021 omfattede 11 danske affaldsforbreendingsslagger, som blev undersagt
for indhold og udvaskning af en raekke uorganiske og organiske stoffer. Kun to af slaggerne
blev analyseret for indhold af PFAS, som ikke indgik i det oprindelige testprogram. | lyset af
det intensiverede fokus pa PFAS-forurening og fordi, der ikke foreligger andre oplysninger om
PFAS i danske slagger, har Miljgstyrelsen igangsat et projekt, som har til formal at tilveje-
bringe en bredere viden om bade indhold og udvaskning af PFAS i danske affaldsforbraen-
dingsslagger.

Projektet, som hermed foreligger, er udfgrt af Danish Waste Solutions ApS ved Jiri Hyks og

Ole Hjelmar. Fra Miljgstyrelsens side har koordinationen vaeret varetaget af har Anne Juul
Jensen.
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Ordliste og definitioner

Ord/akronym Betydning anvendt i denne rapport
Vaeske-/faststofforholdet (liquid/solid ratio), hvor L er den veeskemaengde som til

US et givet tidspunkt har veeret i kontakt med en vis maengde faststof, S, f.eks. i en
udvaskningstest. Resultater af batch- og kolonneudvaskningstests angives ofte
som funktion af L/S.

TS Torstof

HPLC-MS/MS High-performance liquid chromatography with tandem mass spectrometry

BFR Brommerede flammehaemmer (en stofgruppe)

PFAS Perfluoralkyl- og polyfluoralkylstoffer (en stofgruppe)

PFBA Perfluorobutanoic acid

PFPeA Perfluoropentanoic acid

PFHxA Perfluorohexanoic acid

PFHpA Perfluoroheptanoic acid

PFOA Perfluorooctanoic acid

PFNA Perfluorononanoic acid

PFDA Perfluorodecanoic acid

PFUNDA Perfluoroundecanoic acid

PFDoDA Perfluorododecanoic acid

PFTrDA Perfluorotridecanoic acid

PFTeDA Perfluorotetradecanoic acid

PFHxDA Perfluorohexadecanoic acid

PFOcDA Perfluorooctadecanoic acid

PFBS Perfluorobutane sulfonic acid

PFPeS Perfluoropentane sulfonic acid

PFHxS Perfluorohexane sulfonic acid

PFHpS Perfluoroheptane sulfonic acid

PFOS Perfluorooctane sulfonic acid

PFNS Perfluorononane sulfonic acid

PFDS Perfluorodecane sulfonic acid

PFUNDS Perfluoroundecane sulfonic acid

PFDoDS Perfluorododecane sulfonic acid

PFTrDS Perfluorotridecane sulfonic acid

4:2 FTS 4:2 Fluorotelomer sulfonic acid

6:2FTS 6:2 Fluorotelomer sulfonic acid

8:2FTS 8:2 Fluorotelomer sulfonic acid

10:2 FTS 10:2 Fluorotelomer sulfonic acid

FOSA eller PFOSA | Perfluorooctane sulfonamide

MeFOSA N-Methyl perfluorooctane sulfonamide

EtFOSA N-Ethyl perfluorooctane sulfonamide

MeFOSE N-Methyl perfluorooctane sulfonamidoethanol

EtFOSE N-Ethyl perfluorooctane sulfonamidoethanol

FOSAA Perfluorooctane sulfonamidoacetic acid

MeFOSAA N-Methyl perfluorooctane sulfonamidoacetic acid
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EtFOSAA N-Ethyl perfluorooctane sulfonamidoacetic acid
HPFHpA 7H-perfluoroheptanoic acid

P37DMOA Perfluoro-3,7-dimethyloctanoic acid

PFMBA Perfluoro-4-methoxybutanoic acid

PFMPA Perfluoro-3-methoxypropanoic acid

11CI-PF30UdS 11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid
9CI-PF3ONS 9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid
DONA 4,8-dioxa-3H-perfluorononanoic acid
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Sammenfatning

I lyset af de seneste ars intensiverede fokus pa PFAS-forurening og fordi, der ikke foreligger
andre oplysninger om PFAS i danske slagger, som genanvendes i henhold til Restproduktbe-
kendtgerelsen (BEK 1672/2016), har Miljgstyrelsen igangsat et projekt, som har haft til formal
pa screeningsniveau at tilvejebringe et bredere kendskab til bade indhold og udvaskning af
PFAS i danske affaldsforbraendingsslagger.

P& 13 danske slaggeprever formalet til < 0,1 mm er der gennemfgrt faststofanalyser for ind-
hold af de 22 PFAS-forbindelser, der pa nuveerende tidspunkt (december 2022) indgar i for-
skellige summerings-greensevaerdier i Danmark. Derudover blev tre af slaggeprgverne analy-
seret for indhold af 16 udvalgte bromerede flammehammere. Det konkluderes at:

e Bortset fra tre enkeltvaerdier fordelt pa tre forskellige slagger, 1a de malte PFAS-ind-
hold under de angivne kvantificeringsgraenser pa 0,5 ug/kg TS eller 2,5 pg/kg TS. For
alle 13 slaggeprgver ligger vaerdierne for henholdsvis summen af 4 PFAS (altsa 0,55
ug/kg TS) og 22 PFAS (0,55 — 1,62 ug/kg TS) veesentligt under de pagaeldende
PFAS-graenseveerdier for jord; dvs. under 10 ug/kg TS og 400 ug/kg TS).

e Kun for én af tre undersggte slagger er fundet et meget lille indhold af én af de 16
bromerede flammehaemmere (0,22 pg/kg TS af BDE 99).

Pa de 13 slaggepraver blev der efter nedknusning til < 4 mm gennemfert batchudvasknings-
tests i henhold til DS/EN 12457-1 med efterfalgende analyse af eluaterne for indhold af de
ovennaevnte 22 PFAS-forbindelser, for hvilke der pt. er opstillet summeringsbaserede greense-
veerdier i Danmark. Derudover blev eluaterne analyseret for yderligere 20 PFAS’er, der pa nu-
vaerende tidspunkt ikke er inkluderet i de danske sum-graenseveerdier, hverken for 4 PFAS el-
ler for 22 PFAS. Det konkluderes at:

o PFOA og PFBS blev identificeret i alle 13 eluatprgver, mens PFHxA, PFOS og 6:2
FTS blev identificeret i mere end 50 % af eluatprgverne. Det hgjeste antal blandt de
22 monitorerede PFAS’er, som blev identificeret i en eluatpreve, var 6 (da 8:2 FTS
ikke er inkluderet i hverken 4 PFAS eller 22 PFAS); dette var tilfaeldet for 5 eluatpro-
ver. PFPeA, PFHpA, PFNA, PFDA, PFHxS samt 8:2 FTS blev identificeret i mindst
én eluatprgve.

o Miljgstyrelsens PFAS-greensevaerdier for grundvand (jf. Liste over kvalitetskriterier i
relation til forurenet jord) for 4 PFAS-forbindelser blev overskredet i alle 13 eluatpro-
ver, mens PFAS-graenseveaerdier for grundvand for 22 PFAS-forbindelser blev over-
skredet i 12 eluatprever. | den forbindelse er det vigtigt at bemaerke, at man ikke kan
vurdere risikoen for pavirkning af grundvand ved anvendelse af slagger i henhold til
betingelserne i Restproduktbekendtggrelsen gennem en direkte sammenligning af
resultatet af en udvaskningstest ved en mere eller mindre tilfeeldig L/S-veerdi med en
kravveerdi for grundvandskvalitet. En sadan vurdering kraever, ligesom for andre stof-
fer der udvaskes, at udvaskningsforlgbet over et laengere L/S-interval er kendt (f.eks.
gennem udferelse af kolonneudvaskningstests), og at dette og anvendelsesbetingel-
serne (nedbar, lagtykkelse, overdaekning, mv.) indgar i en risikovurdering baseret pa
scenarieberegninger af kildestyrken og modelberegninger af den efterfalgende trans-
port i jord og grundvand til et referencepunkt. Den gennemfgrte undersggelse er en
screening, som alene har pavist, at der kan ske en vis udvaskning af PFAS fra slag-
ger i kontakt med vand.
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1. Introduktion

1.1 Baggrund og formal

Gennem de seneste ar er der opstaet @get opmeerksomhed omkring risikoen for forurening af
forskellige dele af miljget med perfluoralkyl- og polyfluoralkylstoffer (PFAS), som vides at for-
blive i miljget leengere end noget andet menneskeskabt stof. Anvendelsen af PFAS'er er me-
get udbredt, da de har unikke gnskveerdige egenskaber. For eksempel er de stabile under in-
tens varme. Mange af dem har ogsa overfladeaktive egenskaber og funktion, f.eks. som vand-
og fedtafvisende midler (Glige et al., 2020).

PFAS'er frigives til miljget fra bade direkte og indirekte kilder; for eksempel fra industrielle faci-
liteter, der bruger PFAS, og fra brug af dagligdags produkter (kosmetik, skivoks, tgj), fra mate-
rialer i kontakt med fadevarer samt fra deponeret affald (Evich et al., 2022). Mennesker ud-
seettes for PFAS i hjemmet, pa deres arbejdsplads og gennem miljget, for eksempel fra den
mad, de spiser, og fra forurenet drikkevand. Frigivelse og mobilitet af PFAS'er i vand og luft
kan forarsage forurening af grundvand og drikkevand (Castiglioni, et al 2015).

Kommunalt fast affald kan indeholde varierende meengder af PFAS'er (Liu et al., 2021). Da det
pa nuvaerende tidspunkt er uklart, i hvilket omfang disse forbindelser destrueres under for-
breendingsprocessen i almindelige affaldsforbraendingsanlzeg, kan tilstedeveerelsen af PFAS i
forbraendingsresterne (slagge og aske) ikke udelukkes, selv om der er indikationer pa, at
maengderne er vaesentligt lavere sammenlignet med blandt andet ubehandlet kommunalt fast
affald eller spildevandsrensningsslam (Liu et al., 2022; Strandberg, et al 2021; Stahl et al.,
2018). Da affaldsforbraendingsslagger i Danmark anvendes som erstatning for naturgrus i for-
bindelse med anlaegsarbejder (vejbygning, ramper), er det vigtigt at fa undersagt, om der fin-
des vaesentlige indhold af PFAS i slaggerne. PFAS’er er generelt meget vandoplgselige, og
det er derfor endnu vigtigere at fa undersggt, om der udvaskes vaesentlige maengder PFAS fra
slaggerne, nar disse anvendes efter reglerne i Restproduktbekendtgarelsen (BEK nr. 1672 af
15/12/2016), séledes at der om ngdvendt kan tages forholdsregler til at sikre, at der fortsat kan
opretholdes en hgj grad af genanvendelse, uden at det medfgrer en uacceptabel spredning af
problematiske stoffer i miljget.

Miljgprojekt Nr. 2205/2022 (Miljgstyrelsen, 2022) havde til formal at forbedre det eksisterende
datagrundlag om forekomst og udvaskning af problematiske stoffer i slagger fra danske af-
faldsforbreendingsanleeg for at muliggare en efterfalgende fastsaettelse af nye og/eller opdate-
rede greenseveerdier for indhold og udvaskning af et udvalg af potentielt problematiske stoffer i
forbindelse med anden endelig materialenyttigggrelse af slaggerne. Som en del af dette pro-
jekt blev der indsamlet 11 slaggeprover fra et geografisk og starrelsesmeaessigt repreesentativt
udvalg af affaldsforbraendingsanlaeg, som repraesenterede ca. 80 % af forbraendingskapaci-
teten i Danmark. Prgverne blev udtaget af de feerdige slaggeprodukter efter sigtning og frasor-
tering af metal til genanvendelse og efter lagring, saledes at de reprasenterede den slagge-
kvalitet, som i perioden 2020 — 2021 blev afsat til materialenyttigggrelse. P4 de 11 ensartet
behandlede slaggeprover formalet til < 0,1 mm blev der gennemfert parallelle faststofanalyser
for indholdet af bade uorganiske parametre (Ag, Al, As, B, Ba, Be, Bi, Br, Ca, Cd, Co, Cr-tot,
Cr(VI), Cu, Fe, Hg, K, Li, Mg, Mn, Mo, Na, Ni, Pb, P-tot, Sb, Se, Si, Sn, Sr, S, Te, Ti, Tl, V og
Zn) og visse organiske stoffer (PAH, PCB7, TPH, BTEX), mens to af slaggepraverne blev
yderligere analyseret for indhold af PCDD/F og PFAS. For den ene blev der ikke malt PFAS
over detektionsgraensen pa 0,0005 mg/kg TS, mens der i den anden maltes i alt 0,0045 mg/kg
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af PFHxA + 6.2 FTS + 8.2 FTS. Dette ligger under Miljgstyrelsens jordkvalitetskrav. S& vidt vi-
des, er dette de eneste publicerede malinger/resultater af PFAS i danske slagger, mens ud-
vaskning af PFAS ikke blev inkluderet i Miljgprojekt Nr. 2205/2022.

Dette projekt, som Miljgstyrelsen har anmodet Danish Waste Solutions ApS om at udfare,
gennemfgres fordi det af ovennaevnte arsager er vigtigt at inddrage et stgrre datagrundlag i en
form for screeningsundersggelse af, om indhold og udvaskning af PFAS fra danske affaldsfor-
braendingsslagger kan forventes at udgere en potentiel udfordring for den fremtidige anven-
delse af disse, og om forebyggende tiltag i givet fald vil veere ngdvendige, ikke mindst fordi
mange PFAS'er er vandoplgselige og det nuvaerende grundvandskvalitetskrav ligger ved 0,1
pg/l (sum af 22 PFAS) og 0,002 pg/l (sum af PFOA, PFNA, PFHxS, og PFOS).

Som en del af undersggelsen blev tre slaggeprover underkastet yderligere bestemmelse af
udvalgte bromerede flammehaemmere i faststof.

1.2 Eksisterende danske graensevardier for PFAS
| Tabel 1.1 ses en oversigt over de nuvaerende (per december 2022) greenseveerdier for PFAS
i jord, drikkevand, grundvand og overfladevand.

Tabel 1.1 Oversigt over PFAS-graenseveerdier for jord, drikkevand, grundvand, overfladevand,
badevand og slam; jf. Liste over kvalitetskriterier i relation til forurenet jord".

Medie Stof Vaerdi Enhed Bemarkning Omtalt i bekendtgerelse
Jord > 4 PFAS 0,01 mg/kg TS | Vejledende iht. § 14 i milje-
beskyttelsesloven
> 22 PFAS 0,4 mg/kg TS | Vejledende iht. § 14 i milje-
beskyttelsesloven
Drikke- > 4 PFAS 0,002 pg/l Sumkriteriet fremgar af et Et skeerpet kvalitetskrav for de 4
vand brev til alle landets kommu- PFAS’er forventes i en opdateret
ner, som Miljgstyrelsen version af drikkevandsbekendt-
sendte d. 8. juni 2021. gerelsen
> 12 PFAS 0,1 pg/l Kvalitetskrav til nationalt Drikkevandsbekendtggrelsen
fastsatte kemiske parametre
Grund- > 4 PFAS 0,002 pgl/l Vejledende iht. § 14 i miljg-
vand beskyttelsesloven
> 22 PFAS 0,1 ugl/l Vejledende iht. § 14 i miljg-
beskyttelsesloven
Overfla- PFOS 0,65 ng/l Generelt kvalitetskrav for BEK nr. 1625 af 19/12/2017
devand indlandsvand
0,13 ng/l Generelt kvalitetskrav for an-

det overfladevand

36 pg/l Maksimumkoncentration for
indlandsvand

7,2 pg/l Maksimumkoncentration for
andet overfladevand

9,1 pg/kg Kvalitetskrav Biota

vadveegt

' https://mst.dk/media/223446/liste-over-jordkvalitetskriterier-juli-2021_final1.pdf
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2. Materialer og metoder

21 Indsamling og forbehandling af slaggeprover

| alt 13 prover af affaldsforbreendingsslagger (betegnet som A-l og L-O) blev indsamlet fra et
geografisk og stagrrelsesmaessigt repraesentativt udvalg af danske affaldsforbreendingsanleeg,
som repraesenterede ca. 80 % af forbreendingskapaciteten i Danmark. Prgverne blev — i over-
ensstemmelse med de krav til prgvetagning, der er angivet i Restproduktbekendtggrelsen —
udtaget fra det feerdige slaggeprodukt efter sigtning og frasortering af metal til genanvendelse
og efter lagring, séledes at de repraesenterede den slaggekvalitet, som i perioden 2020 — 2022
blev afsat til materialenyttiggerelse.

Pravetagningen af preverne A-l blev beskrevet i detaljer i Miljgprojekt Nr. 2205/2022 (se ogsa
kapitel 1). Udtagningen af prgverne L-O blev udfert ved hjeelp af automatiseret prgvetagnings-
udstyr, der mere end overholder kravene til repraesentativ prgveudtagning angivet i Restpro-
duktbekendtgerelsen.

Alle prgverne blev nedknust til <4 mm forud for gennemfgrelse af udvaskningstests, og del-
praver er yderligere blevet formalet til < 1 mm forud for bestemmelse af PFAS i fasstof. Forbe-
handlingen af prgverne blev udfert i samarbejde med Czech Academy of Sciences i Prag
(CAS). Alle faststofbestemmelser og eluatanalyser blev udfert af det akkrediterede laborato-
rium ALS-Tjekkiet og/eller deres underleverandgrer.

2.2 Gennemfoarelse af analyser af faststofpraver for indhold af
PFAS

Pa de 13 ensartet forbehandlede slaggepraver formalet til < 0,1 mm blev der gennemfart fast-
stofanalyser for indhold af:

e Perfluorobutanoic acid (PFBA)

e  Perfluoropentanoic acid (PFPeA)

e Perfluorohexanoic acid (PFHxA)

e Perfluoroheptanoic acid (PFHpA)

e Perfluorooctanoic acid (PFOA)

e  Perfluorononanoic acid (PFNA)

e Perfluorodecanoic acid (PFDA)

e Perfluoroundecanoic acid (PFUnDA)

e Perfluorododecanoic acid (PFDoDA)

e Perfluorotridecanoic acid (PFTrDA)

e Perfluorobutane sulfonic acid (PFBS)

e  Perfluoropentane sulfonic acid (PFPeS)

e Perfluorohexane sulfonic acid (PFHxS)

e Perfluoroheptane sulfonic acid (PFHpS)

e Perfluorooctane sulfonic acid (PFOS)

e Perfluorononane sulfonic acid (PFNS)

e Perfluorodecane sulfonic acid (PFDS)

e Perfluoroundecane sulfonic acid (PFUnDS)
e Perfluorododecane sulfonic acid (PFDoDS)
e Perfluorotridecane sulfonic acid (PFTrDS)
e  6:2 Fluorotelomer sulfonic acid (6:2 FTS)

e Perfluorooctane sulfonamide (FOSA eller PFOSA - begge akronymer anvendes)
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Disse forbindelser svarer til de 22 forbindelser, der pa nuveerende tidspunkt (december 2022)
monitoreres i Danmark, og for hvilke der findes greenseveerdier for blandt andet jord, drikke-
vand, grundvand, og overfladevand (Tabel 1.1).

Den anvendte analytiske metode bestod af ekstraktion af ca. 5 g af homogeniseret prgve sam-
men med intern standard og efterfglgende centrifugering og bestemmelse vha. HPLC-MS/MS i
henhold til DIN 38414-14.

23 Gennemfgrelse af analyser af faststofprover for indhold af
bromerede flammehammere

Pa tre ensartet forbehandlede slaggeprever (B, F og L) formalet til < 0,1 mm blev der gennem-

fort faststofanalyser for indhold af udvalgte bromerede flammehsemmere:

e Hexabromocyclododecan (HBCD)
e Tetrabromobisphenol-A (TBBP-A)

e BDE 28

e BDE 47

e Tetra-BDE
e Penta-BDE
e BDE 99

e Hexa-BDE

e BDE 100

e Hepta-BDE
e Octa-BDE

e BDE 153

e Nona-BDE
e BDE 154

e Deca-BDE

e  Decabromobiphenyl.

Den anvendte analytiske metode bestaede af ekstraktion af ca. 5 g af homogeniseret pragve
sammen med interne standarder (HBCD og TBBP-A) og efterfalgende centrifugering. Ekstrak-
tet opsamles i et haetteglas, hvortil ekstraktionsmidlet igen tilseettes og ekstraktionen genta-
ges. De kombinerede ekstrakter fortyndes 1:1 med MQ-vand i et klart Crimp Top heetteglas in-
den anvendelse i HPLC-MS/MS i henhold til DIN 38414-14.

24 Gennemfgrelse af batchudvaskningstests pa slaggerne og
analyser af eluaterne for indhold af PFAS
Pa de 13 ensartet behandlede slaggepraver knust til <4 mm blev der gennemfart en batchud-
vaskningstest med demineraliseret vand i henhold til DS/EN 12457-1 ved L/S = 2 I/kg med ef-
terfelgende analyse af eluat ved hjaelp af HPLC-MS/MS i henhold til DIN 38414-14 for indhold
af de samme 22 forbindelse naevnt tidligere i afsnit 2.2. Derudover blev der analyseret for
yderligere 20 forbindelser, som ikke er inkluderet i de nuvaerende (december 2022) danske
sum-graenseveerdier, hverken for de 4 eller de 22 PFAS-forbindelser:

e Perfluorotetradecanoic acid (PFTeDA)

e Perfluorohexadecanoic acid (PFHxDA)

e Perfluorooctadecanoic acid (PFOcDA)

e  4:2 Fluorotelomer sulfonic acid (4:2 FTS)

e  8:2 Fluorotelomer sulfonic acid (8:2 FTS)

e  10:2 Fluorotelomer sulfonic acid (10:2 FTS)

¢  N-Methyl perfluorooctane sulfonamide (MeFOSA)
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e N-Ethyl perfluorooctane sulfonamide (EtFOSA)

¢  N-Methyl perfluorooctane sulfonamidoethanol (MeFOSE)

e N-Ethyl perfluorooctane sulfonamidoethanol (EtFOSE)

e Perfluorooctane sulfonamidoacetic acid (FOSAA)

e N-Methyl perfluorooctane sulfonamidoacetic acid (MeFOSAA)

e N-Ethyl perfluorooctane sulfonamidoacetic acid (EtFOSAA)

e  7H-perfluoroheptanoic acid (HPFHpA)

e  Perfluoro-3,7-dimethyloctanoic acid (P37DMOA)

e  Perfluoro-4-methoxybutanoic acid (PFMBA)

e  Perfluoro-3-methoxypropanoic acid (PFMPA)

e 11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid (11CI-PF30UdS)
e  9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid (9CI-PF3ONS)
e 4 8-dioxa-3H-perfluorononanoic acid (DONA)

Alle testene blev udfgrt i flasker af polypropylen, som baseret pa laboratoriets erfaring har vist

sig at give fa vedhaeftningsproblemer med hensyn til PFAS-analyse.
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3. Resultater og diskussion

3.1

Faststofindhold af PFAS i slagger

| Tabel 3.1 og Tabel 3.2 ses resultater af bestemmelse af faststofindhold af PFAS i henholds-
vis slaggeprever A, B, C, D, E, F, Gog H, |, L, M, N, O. De originale akkrediterede testrappor-
ter findes i Bilag.

Tabel 3.1 Resultater af bestemmelse af faststofindhold af PFAS i slaggeprover A-G. Resulta-
ter med rgd skrift er mindre end de angivne kvantificeringsgreenser (LOQ - limit of quantifica-

tion)

Parameter LOQ Enhed A B C D E F G
Torstof 0,1 % 90,8 | 850 | 856 | 854 | 81,7 | 97,2 | 89,2
Perfluorobutanoic acid (PFBA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoropentanoic acid (PFPeA) 0,5 Mg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorohexanoic acid (PFHxA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroheptanoic acid (PFHpA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorooctanoic acid (PFOA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorononanoic acid (PFNA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorodecanoic acid (PFDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroundecanoic acid (PFUnDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorododecanoic acid (PFDoDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorotridecanoic acid (PFTrDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorobutane sulfonic acid (PFBS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoropentane sulfonic acid (PFPeS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorohexane sulfonic acid (PFHxS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroheptane sulfonic acid (PFHpS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorooctane sulfonic acid (PFOS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorononane sulfonic acid (PFNS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorodecane sulfonic acid (PFDS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroundecane sulfonic acid 2,5 pg/kg TS 2,5 2,5 2,5 2,5 2,5 2,5 2,5
(PFUNDS)

Perfluorododecane sulfonic acid 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
(PFDoDS)

Perfluorotridecane sulfonic acid (PFTrDS) 2,5 pg/kg TS 2,5 2,5 2,5 2,5 2,5 2,5 2,5
6:2 Fluorotelomer sulfonic acid (6:2 FTS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorooctane sulfonamide (FOSA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5 0,5
Y 4 PFAS* 1 pglkg TS 1 1 1 1 1 1 1
Y 22 PFAS* 7,5 pglkg TS 7,5 7,5 7,5 7,5 7,5 7,5 7,5

*

: Veerdierne for summen af 4 PFAS og 22 PFAS blev beregnet i overensstemmelse med fglgende princip:

"Veerdien af LOQ for summen af parametre er lig med 50 % af summen af de enkelte LOQ'er. Hvis nogen

af parametrene inkluderet i summen er sterre end dens LOQ, er den rapporterede sum af parametre ba-

seret pa en summering af alle parametre over LOQ, selvom dette resultat ville veere mindre end 50 % af

summen af de individuelle LOQ'er."
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Tabel 3.2 Resultater af bestemmelse af faststofindhold af PFAS i slaggepraver H, | og L-O.
Resultater med rgd skrift er mindre end de angivne kvantificeringsgraenser (LOQ — limit of qu-

antification).

Parameter LOQ Enhed H | L M N o
Torstof 0,1 % 97,7 | 87,8 | 88,4 | 89,6 | 90,6 | 89,5
Perfluorobutanoic acid (PFBA) 0,5 pgkg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoropentanoic acid (PFPeA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorohexanoic acid (PFHxA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroheptanoic acid (PFHpA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorooctanoic acid (PFOA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorononanoic acid (PFNA) 0,5 pg/kg TS 0,5 0,547 | 0,5 0,5 0,5 0,5
Perfluorodecanoic acid (PFDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroundecanoic acid (PFUnDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorododecanoic acid (PFDoDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorotridecanoic acid (PFTrDA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorobutane sulfonic acid (PFBS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoropentane sulfonic acid (PFPeS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorohexane sulfonic acid (PFHxS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroheptane sulfonic acid (PFHpS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorooctane sulfonic acid (PFOS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorononane sulfonic acid (PFNS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluorodecane sulfonic acid (PFDS) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Perfluoroundecane sulfonic acid 2,5 pg/kg TS 2,5 2,5 2,5 2,5 2,5 2,5
(PFUNDS)

Perfluorododecane sulfonic acid 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
(PFDoDS)

Perfluorotridecane sulfonic acid (PFTrDS) 2,5 pg/kg TS 2,5 2,5 2,5 2,5 2,5 2,5
6:2 Fluorotelomer sulfonic acid (6:2 FTS) 0,5 pg/kg TS 0,5 0,5 1,62 | 1,18 0,5 0,5
Perfluorooctane sulfonamide (FOSA) 0,5 pg/kg TS 0,5 0,5 0,5 0,5 0,5 0,5
Y 4 PFAS* 1 pg/kg TS 1 0,55 1 1 1 1
Y 22 PFAS* 7,5 pglkg TS 7,5 055 | 162 | 1,18 | 7,5 7,5

*

: Veerdierne for summen af 4 PFAS og 22 PFAS blev beregnet i overensstemmelse med fglgende princip:
"Veerdien af LOQ for summen af parametre er lig med 50 % af summen af de enkelte LOQ'er. Hvis nogen
af parametrene inkluderet i summen er stgrre end dens LOQ, er den rapporterede sum af parametre ba-
seret pa en summering af alle parametre over LOQ, selvom dette resultat ville veere mindre end 50 % af
summen af de individuelle LOQ'er."

Bortset fra 3 enkeltveerdier, kan det ses i Tabel 3.1 og Tabel 3.2, at resultaterne for det meste
er under de angivne kvantificeringsgraenser pa 0,5 ug/kg TS eller 2,5 ug/kg TS. For alle 13
slaggeprgver ligger vaerdierne for henholdsvis summen af 4 PFAS (altsa 0,55 pg/kg TS) og 22
PFAS (0,55 — 1,62 pg/kg TS) vaesentligt under de geeldende PFAS-graenseveerdier for jord;
dvs. under 10 pg/kg TS og 400 pg/kg TS (Tabel 1.1).

3.2 Faststofindhold af BFR i slagger

| Tabel 3.3 ses resultaterne af analysering af tre af slaggepr@verne for indhold af bromerede
flammehammere (BFR). De originale akkrediterede testrapporter findes i Bilag.

Det fremgar, at der kun for én slagge er fundet et meget lille indhold af BRFer, hvilket tyder

pa, at BRF naeppe vil kunne udggre et problem i relation til anvendelse af forbraendingsslagger
til konstruktionsformal.
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Tabel 3.3 Resultater af bestemmelse af faststofindhold af BFR i slaggeprgver B, F og L. Re-
sultater med r@d skrift er mindre end de angivne kvantificeringsgraenser (LOQ — limit of quanti-
fication)

Parameter LOQ Enhed B F L
Torstof 0,1 % 85,0 97,2 89,2
Hexabromocyclododecane (HBCD) 5 pg/kg TS 5 5 5
Tetrabromobisphenol-A (TBBP-A) 0,5 pg/kg TS 0,5 0,5 2
BDE 28 se bilag 1 pg/kg TS 0,1 0,094 | 0,094
BDE 47 se bilag 1 pg/kg TS 0,1 0,16 0,1
Tetra-BDE se bilag 1 pg/kg TS 2,1 2 2,2
Penta-BDE se bilag 1 pg/kg TS 1,9 2 2,2
BDE 99 se bilag 1 Mg/kg TS 0,1 0,22 0,095
Hexa-BDE se bilag 1 pg/kg TS 2,1 2,1 2
BDE 100 se bilag 1 pg/kg TS 0,1 0,078 0,088
Hepta-BDE se bilag 1 pg/kg TS 2,4 2,3 2,4
Octa-BDE se bilag 1 Mg/kg TS 2,4 2,3 2,3
BDE 153 se bilag 1 Mg/kg TS 0,1 0,1 0,094
Nona-BDE se bilag 1 pg/kg TS 29 2,7 2,8
BDE 154 se bilag 1 pglkg TS 0,1 0,097 | 0,091
Deca-BDE se bilag 1 pg/kg TS 5 41 2,3
Decabromobiphenyl se bilag 1 pg/kg TS 11 12 15

3.3 Udvaskning af PFAS fra slagger

3.3.1 Udvaskningsresultater angivet som koncentrationer i eluatet

| Tabel 3.4 (praverne A, B, C, D, E, F, G) og Tabel 3.5 (praverne H, I, L, M, N, O) ses resulta-
terne af batchudvaskningstestene i henhold til DS EN 12457-1 ved L/S = 2 I/kg som koncen-
trationer i eluaterne. De originale akkrediterede testrapporter findes i Bilag.

Tabel 3.4 Resultaterne af batchudvaskningstestning (DS/EN 12457-1) ved L/S = 2 I/kg af slag-
gerne A-G fra angivet som koncentrationer af de enkelte PFAS’er i eluaterne . Resultater med
red skrift er mindre end de angivne kvantificeringsgraenser (LOQ — limit of quantification)

Parameter LOQ | Enhed A B C D E F G
pH 0,1 -~ 11,7 10,1 11,4 10,1 9,79 9,19 9,55
Ledningsevne 0,1 mS/m 469 462 320 433 650 870 600
PFBA 0,010 pgll 0,1 0,1 0,1 0,1 0,1 0,1 0,1
PFPeA 0,010 pg/l 0,05 0,05 0,05 0,05 0,05 0,05 0,05
PFHxA 0,010 pgll 0,022 0,03 0,044 | 0,025 | 0,078 0,05 0,04
PFHpA 0,010 pgll 0,01 0,01 0,01 0,014 0,01 0,01 0,012
PFOA 0,0050 pg/l 0,0057 | 0,0153 | 0,0246 | 0,0162 | 0,036 | 0,0224 | 0,0194
PFNA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFDA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFUNDA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFDoDA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFTrDA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFTeDA 0,025 pg/l 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025
PFHxDA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05 0,05
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Parameter LOQ | Enhed A B C D E F G
PFOcDA 0,050 pgll 0,05 0,05 0,05 0,05 0,05 0,05 0,05
PFBS 0,010 pgll 0,03 0,018 | 0,032 | 0,028 0,16 0,191 0,108
PFPeS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFHxS 0,010 pg/l 0,01 0,01 0,092 0,01 0,01 0,01 0,01
PFHpS 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFOS 0,0050 pgll 0,005 | 0,005 | 0,0566 | 0,0083 | 0,0052 | 0,005 | 0,0417
PFNS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFDS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFUNDS 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFDoDS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFTrDS 0,020 pg/l 0,02 0,02 0,02 0,02 0,02 0,02 0,02
4:2 FTS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
6:2 FTS 0,010 pgll 0,019 | 0,082 | 0,119 0,03 0,01 0,05 0,01
8:2FTS 0,010 pg/l 0,01 0,01 0,018 0,01 0,01 0,01 0,01
10:2 FTS 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
FOSA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
MeFOSA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05 0,05
EtFOSA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05 0,05
MeFOSE 0,025 pg/l 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025
EtFOSE 0,025 pg/l 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025
FOSAA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
MeFOSAA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
EtFOSAA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
HPFHpA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
P37DMOA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
PFMBA 0,025 pgll 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025
PFMPA 0,025 pg/l 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025
11CI-PF30UdS 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
9CI-PF30ONS 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01 0,01
DONA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01 0,01
Y 4 PFAS* 0,015 pg/l 0,0057 | 0,015 0,17 0,025 | 0,041 0,022 | 0,061
Y 22 PFAS* 0,11 pg/l 0,077 0,12 0,39 0,12 0,12 0,21 0,18

*

: Veerdierne for summen af 4 PFAS og 22 PFAS blev beregnet i overensstemmelse med fglgende princip:

"Veerdien af LOQ for summen af parametre er lig med 50 % af summen af de enkelte LOQ'er. Hvis nogen

af parametrene inkluderet i summen er sterre end dens LOQ, er den rapporterede sum af parametre ba-

seret pa en summering af alle parametre over LOQ, selvom dette resultat ville veere mindre end 50 % af

summen af de individuelle LOQ'er."
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Tabel 3.5 Resultater af batchudvaskningstestning (DS/EN 12457-1) ved L/S = 2 I/kg af slag-
gerne H, |, L-O fra dette projekt angivet som koncentrationer af de enkelte PFAS’er i elua-
terne. Resultater med rad skrift er mindre end de angivne kvantificeringsgreenser (LOQ — limit
of quantification)

Parameter LOQ Enhed H 1 L M N o
pH 9,59 9,69 10,6 10,4 10,2 10,6
Ledningsevne 0,1 mS/m 671 527 679 713 702 813
PFBA 0,010 pg/l 0,1 0,1 0,1 0,1 0,1 0,1
PFPeA 0,010 pgll 0,05 0,05 0,014 0,019 0,01 0,01
PFHxA 0,010 pg/l 0,02 0,011 0,059 0,055 0,03 0,03
PFHpA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFOA 0,0050 pgll 0,0064 | 0,0286 | 0,0221 0,029 | 0,0288 | 0,0306
PFNA 0,010 pg/l 0,01 0,103 0,01 0,01 0,01 0,01
PFDA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFUNDA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01
PFDoDA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFTrDA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFTeDA 0,025 pg/l 0,025 0,025 0,025 0,025 0,025 0,025
PFHxDA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05
PFOcDA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05
PFBS 0,010 pg/l 0,07 0,017 0,07 0,063 0,044 0,05
PFPeS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFHxS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFHpS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFOS 0,0050 pg/l 0,005 | 0,0241 | 0,0088 | 0,0187 | 0,0072 | 0,0113
PFNS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFDS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFUNDS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFDoDS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFTrDS 0,020 pg/l 0,02 0,02 0,02 0,02 0,02 0,02
4:2 FTS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
6:2 FTS 0,010 pgll 0,024 0,022 0,349 0,333 0,02 0,019
8:2 FTS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
10:2 FTS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
FOSA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01
MeFOSA 0,050 pg/l 0,05 0,05 0,05 0,05 0,05 0,05
EtFOSA 0,050 pgll 0,05 0,05 0,05 0,05 0,05 0,05
MeFOSE 0,025 pg/l 0,025 0,025 0,025 0,025 0,025 0,025
EtFOSE 0,025 pg/l 0,025 0,025 0,025 0,025 0,025 0,025
FOSAA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01
MeFOSAA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
EtFOSAA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
HPFHpA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
P37DMOA 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
PFMBA 0,025 pg/l 0,025 0,025 0,025 0,025 0,025 0,025
PFMPA 0,025 pgll 0,025 0,025 0,025 0,025 0,025 0,025
11CI-PF30UdS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
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Parameter LOQ Enhed H 1 L M N o

9CI-PF30ONS 0,010 pg/l 0,01 0,01 0,01 0,01 0,01 0,01
DONA 0,010 pgll 0,01 0,01 0,01 0,01 0,01 0,01
Y 4 PFAS* 0,015 pgll 0,0064 0,16 0,031 0,048 0,036 0,042
Y 22 PFAS* 0,11 pg/l 0,1 0,21 0,52 0,52 0,1 0,11

*

: Veerdierne for summen af 4 PFAS og 22 PFAS blev beregnet i overensstemmelse med fglgende princip:
"Veerdien af LOQ for summen af parametre er lig med 50 % af summen af de enkelte LOQ'er. Hvis nogen
af parametrene inkluderet i summen er stagrre end dens LOQ, er den rapporterede sum af parametre ba-
seret pa en summering af alle parametre over LOQ, selvom dette resultat ville veere mindre end 50 % af
summen af de individuelle LOQ'er."

Det skal for en god ordens skyld bemaerkes, at LOQ i flere tilfaelde (f.eks. PFPeA og PFHxA)
blev haevet pa grund af matrix-interferenser. Baseret pa tendenserne observeret i de andre
eluaterne kan det ikke udelukkes, at man med en lavere LOQ ville have kunnet identificere en
vis udvaskning af et endnu hgjere antal af positivt identificerede stoffer, maske iseer for PFPeA
og PFHXxA.

Det skal bemaerkes, at Miljgstyrelsens PFAS-graenseveerdier for grundvand (jf. Liste over kva-
litetskriterier i relation til forurenet jord) for 4 PFAS-forbindelser blev overskredet i alle 13 eluat-
praver, mens PFAS-greensevaerdier for grundvand for 22 PFAS-forbindelser blev overskredet i
12 eluatprgver (dvs. alle prgver undtagen pragven A). Det skal dog kraftigt understreges, at
man ikke kan vurdere risikoen for pavirkning af grundvand ved anvendelse af slagger i hen-
hold til betingelserne i Restproduktbekendtggrelsen gennem en direkte sammenligning af re-
sultatet af en udvaskningstest ved en mere eller mindre tilfeeldig L/S-vaerdi med en kravveerdi
for grundvandskvalitet. En sadan vurdering kraever, ligesom for andre stoffer der udvaskes, at
udvaskningsforlgbet over et laengere L/S-interval er kendt (f.eks. gennem udfgrelse af kolon-
neudvaskningstests), og at dette og anvendelsesbetingelserne (lagtykkelse, overdaekning,
myv.) indgar i en risikovurdering baseret pa scenarieberegninger af kildestyrken og modelbe-
regninger af den efterfglgende transport i jord og grundvand til et referencepunkt.

| Tabel 3.6 ses en opsummering af resultaterne fra udvaskningstesterne. Det kan ses, at
PFOA og PFBS blev positiv identificeret i alle 13 prgver, mens PFHxA, PFOS og 6:2 FTS blev
identificeret i mere end 50 % af prgverne. Det hgjeste antal af de monitorerede PFAS’er identi-
ficeret i en prgve var 6 (da 8:2 FTS ikke er inkluderet i hverken 4 PFAS eller 22 PFAS); dette
er tilfeeldet for 5 af slaggepraverne.

Tilstedeveaerelsen af PFOA, PFOS og PFBS i affaldsforbraendingsslagge kan forventes grundet
(historisk) brug af PFOA, salte heraf og PFOA-beslaegtede forbindelser i en lang raekke anven-
delser i bl.a. impreegneringsmidler til teepper og t@j, maling, lak, og kosmetiske produkter.
PFOS var nggleingrediensen i et stofbeskyttelsesprodukt lavet af firmaet 3M og relaterede
pletafvisende midler. PFBS har veeret brugt som erstatning af PFOS i mange anvendelser som
vand- og fedtafvisende midler og uforbraendte rester af disse kan saledes forventes dukke op i
affaldsforbreendingsslaggerne.

Pa grund af deres unikke egenskaber er PFHxA, dets salte og relaterede stoffer blevet brugt
som erstatning af PFOA i en lang raekke sektorer i store maengder i EU. De vigtigste identifice-
rede anvendelser er tilsaetning til papir og pap (materialer i kontakt med f@devarer) og tekstiler.
PFHxA kan ogsa veere til stede som urenhed i forskellige fluorpolymerer (f.eks. teflon) (Lassen
etal., 2013).

Fluorotelomersulfonater (FTS), som omfatter 4:2 FTS, 6:2 FTS, 8:2 FTS og 10:2 FTS, er en
klasse af forbindelser, der anvendes som erstatninger for PFOA og PFOS. FTS-forbindelser

18 Miljgstyrelsen / Forekomst og udvaskning af PFAS i slagger fra affaldsforbraendingsanleeg



har veeret markedsfart siden 1970'erne til brug i maling, beleegninger, klaebemidler, voks, po-
lermidler og industrielle renggringsprodukter (Field og Seow, 2017).

PFPeA, PFHpA, PFNA, PFDA, PFHxS samt 8:2 FTS blev identificeret i mindst én slagge-
prove.

Tabel 3.6 Kvalitativ opsummering af resultater af batchudvaskningstestning (DS/EN 12457-1)
ved L/S = 2 I/kg for alle 13 slaggepraver. Et x angiver, at forbindelsen blev identificeret i kon-
centration sterre end LOQ.

Parameter A B Cc D E F G H | L M N (0] Antal
slag-
ger
PFPeA X X 2
PFHxA X X X X X X X 7
PFHpA X X
PFOA X X X X X X X X X X X X X 13
PFNA X 1
PFDA X 1
PFBS X X X X X X X X X X X X X 13
PFHxS X 1
PFOS X X X X X X X X X 9
6:2FTS X X X X X X X X X X 10
8:2 FTS* X 1
Antal
PEAS'er 4 3 7 6 4 2 4 3 6 6 6 4 3
*: 8:2 FTS er pa nuveerende tidspunkt (december 2022) ikke inkluderet i danske liste af monitorerede
PFAS’er.

3.3.2 Resultater af udvaskningstestene angivet som udvaskede
mangder

| Tabel 3.7 (preverne A-G) og Tabel 3.8 (praverne H, I, L-O) ses resultaterne af batchudvask-

ningstestene i henhold til DS EN 12457-1 ved L/S = 2 I/kg pa de 13 slaggepraver som udva-

skede stofmeengder (ng/kg TS).

Tabel 3.7 Udvaskede stofmeengder ved L/S = 2 I/kg af slaggerne A-G. Resultater med rgd
skrift er mindre end de angivne kvantificeringsgraenser (LOQ — limit of quantification)

Parameter Enhed A B Cc D E F G
pH -/- 11,7 10,1 11,4 10,1 9,79 9,19 9,55
Lednindgsevne mS/m 469 462 320 433 650 870 600
PFBA ng/kg TS 200 200 200 200 200 200 200
PFPeA ng/kg TS 100 100 100 100 100 100 100
PFHxA ng/kg TS 44 60 88 50 160 100 80
PFHpA ng/kg TS 20 20 20 28 20 20 24
PFOA ng/kg TS 11 31 49 32 72 45 39
PFNA ng/kg TS 20 20 20 20 20 20 20
PFDA ng/kg TS 20 20 20 20 20 20 20
PFUNDA ng/kg TS 20 20 20 20 20 20 20
PFDoDA ng/kg TS 20 20 20 20 20 20 20

Miljgstyrelsen / Forekomst og udvaskning af PFAS i slagger fra affaldsforbreendingsanleeg 19



Parameter Enhed A B Cc D E F G

PFTrDA ng/kg TS 20 20 20 20 20 20 20
PFTeDA ng/kg TS 50 50 50 50 50 50 50
PFHxDA ng/kg TS 100 100 100 100 100 100 100
PFOcDA ng/kg TS 100 100 100 100 100 100 100
PFBS ng/kg TS 60 36 64 56 320 380 220
PFPeS ng/kg TS 20 20 20 20 20 20 20
PFHxS ng/kg TS 20 20 180 20 20 20 20
PFHpS ng/kg TS 20 20 20 20 20 20 20
PFOS ng/kg TS 10 10 110 17 10 10 84
PFNS ng/kg TS 20 20 20 20 20 20 20
PFDS ng/kg TS 20 20 20 20 20 20 20
PFUNDS ng/kg TS 20 20 20 20 20 20 20
PFDoDS ng/kg TS 20 20 20 20 20 20 20
PFTrDS ng/kg TS 40 40 40 40 40 40 40
4:2 FTS ng/kg TS 20 20 20 20 20 20 20
6:2 FTS ng/kg TS 38 160 240 60 20 100 20
8:2FTS ng/kg TS 20 20 36 20 20 20 20
10:2 FTS ng/kg TS 20 20 20 20 20 20 20
FOSA ng/kg TS 20 20 20 20 20 20 20
MeFOSA ng/kg TS 100 100 100 100 100 100 100
EtFOSA ng/kg TS 100 100 100 100 100 100 100
MeFOSE ng/kg TS 50 50 50 50 50 50 50
EtFOSE ng/kg TS 50 50 50 50 50 50 50
FOSAA ng/kg TS 20 20 20 20 20 20 20
MeFOSAA ng/kg TS 20 20 20 20 20 20 20
EtFOSAA ng/kg TS 20 20 20 20 20 20 20
HPFHpA ng/kg TS 20 20 20 20 20 20 20
P37DMOA ng/kg TS 20 20 20 20 20 20 20
PFMBA ng/kg TS 50 50 50 50 50 50 50
PFMPA ng/kg TS 50 50 50 50 50 50 50
11CI-PF30UdS ng/kg TS 20 20 20 20 20 20 20
9CI-PF30ONS ng/kg TS 20 20 20 20 20 20 20
DONA ng/kg TS 20 20 20 20 20 20 20

Tabel 3.8 Udvaskede stofmaengder ved L/S = 2 I/kg af slaggerne H, |, L-O. Resultater med rgd
skrift er mindre end de angivne kvantificeringsgraenser (LOQ — limit of quantification)

Parameter Enhed H | L M N o
pH 9,59 9,69 10,6 10,4 10,2 10,6
Lednindgsevne mS/m 671 527 679 713 702 813
PFBA ng/kg TS 200 200 200 200 200 200
PFPeA ng/kg TS 100 100 28 38 20 20
PFHxA ng/kg TS 40 22 120 110 60 60
PFHpA ng/kg TS 20 20 20 20 20 20
PFOA ng/kg TS 13 57 44 58 58 61
PFNA ng/kg TS 20 210 20 20 20 20
PFDA ng/kg TS 20 20 20 20 20 20
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Parameter Enhed H 1 L M N o

PFUNDA ng/kg TS 20 20 20 20 20 20
PFDoDA ng/kg TS 20 20 20 20 20 20
PFTrDA ng/kg TS 20 20 20 20 20 20
PFTeDA ng/kg TS 50 50 50 50 50 50
PFHxDA ng/kg TS 100 100 100 100 100 100
PFOcDA ng/kg TS 100 100 100 100 100 100
PFBS ng/kg TS 140 34 140 130 88 100
PFPeS ng/kg TS 20 20 20 20 20 20
PFHxS ng/kg TS 20 20 20 20 20 20
PFHpS ng/kg TS 20 20 20 20 20 20
PFOS ng/kg TS 10 48 18 37 14 23
PFNS ng/kg TS 20 20 20 20 20 20
PFDS ng/kg TS 20 20 20 20 20 20
PFUNDS ng/kg TS 20 20 20 20 20 20
PFDoDS ng/kg TS 20 20 20 20 20 20
PFTrDS ng/kg TS 40 40 40 40 40 40
4:2 FTS ng/kg TS 20 20 20 20 20 20
6:2 FTS ng/kg TS 48 44 700 670 40 38
8:2 FTS ng/kg TS 20 20 20 20 20 20
10:2 FTS ng/kg TS 20 20 20 20 20 20
FOSA ng/kg TS 20 20 20 20 20 20
MeFOSA ng/kg TS 100 100 100 100 100 100
EtFOSA ng/kg TS 100 100 100 100 100 100
MeFOSE ng/kg TS 50 50 50 50 50 50
EtFOSE ng/kg TS 50 50 50 50 50 50
FOSAA ng/kg TS 20 20 20 20 20 20
MeFOSAA ng/kg TS 20 20 20 20 20 20
EtFOSAA ng/kg TS 20 20 20 20 20 20
HPFHpA ng/kg TS 20 20 20 20 20 20
P37DMOA ng/kg TS 20 20 20 20 20 20
PFMBA ng/kg TS 50 50 50 50 50 50
PFMPA ng/kg TS 50 50 50 50 50 50
11CI-PF30UdS ng/kg TS 20 20 20 20 20 20
9CI-PF3ONS ng/kg TS 20 20 20 20 20 20
DONA ng/kg TS 20 20 20 20 20 20
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4. Konklusioner

P& 13 danske slaggeprever formalet til < 0,1 mm er der gennemfgrt faststofanalyser for ind-
hold af de 22 forbindelse (22 PFAS), der pa nuvaerende tidspunkt (december 2022) er monito-
rerede i Danmark. Derudover blev tre af slaggepreverne analyseret for indhold af 16 udvalgte
bromerede flammehaemmere.

Bortset fra tre enkeltveerdier fordelt pa tre forskellige slagger, 1& de malte PFAS-indhold under
de angivne kvantificeringsgreenser pa 0,5 ug/kg TS eller 2,5 pg/kg TS. For alle 13 slaggepre-
ver ligger vaerdierne for henholdsvis summen af 4 PFAS (altsa 0,55 ug/kg TS) og 22 PFAS
(0,55 — 1,62 ug/kg TS) veesentligt under de pagaeldende PFAS-greensevaerdier for jord; dvs.
under 10 pg/kg TS og 400 ug/kg TS).

Kun for én af tre undersggte slagger er fundet et meget lille indhold af én af de 16 bromerede
flammehammere (0,22 pg/kg TS af BDE 99).

Pa de13 slaggeprever blev der efter nedknusning til <4 mm gennemfgrt batchudvasknings-
tests med demineraliseret vand i henhold til DS/EN 12457-1 ved L/S = 2 I/kg med efterfal-
gende analyse af eluaterne for indhold af de 22 forbindelse (22 PFAS) der pa nuvaerende tids-
punkt (december 2022) er monitoreret i Danmark. Derudover blev der analyseret for yderligere
20 PFAS’er, som pa nuvaerende tidspunkt ikke er inkluderet i de danske sum-graenseveerdier,
hverken for 4 PFAS eller for 22 PFAS. Det skal specifikt naevnes at:

o PFOA og PFBS blev identificeret i alle 13 eluatprgver, mens PFHxA, PFOS og 6:2 FTS
blev identificeret i mere end 50 % af eluatprgverne. Det hgjeste antal af de monitorerede
PFAS’er, som blev identificeret i en eluatprave, var 6 (da 8:2 FTS ikke er inkluderet i hver-
ken 4 PFAS eller 22 PFAS); dette var tilfaeldet for 5 eluatpraver. PFPeA, PFHpA, PFNA,
PFDA, PFHxS samt 8:2 FTS blev identificeret i mindst én eluatprgve.

e Miljgstyrelsens PFAS-greensevaerdier for grundvand (jf. Liste over kvalitetskriterier i rela-
tion til forurenet jord) for 4 PFAS-forbindelser blev overskredet i alle 13 eluatprgver, mens
PFAS-graenseveerdier for grundvand for 22 PFAS-forbindelser blev overskredet i 12 eluat-
prever. | den forbindelse er det vigtigt at bemeerke, at man ikke kan vurdere risikoen for
pavirkning af grundvand ved anvendelse af slagger i henhold til betingelserne i Restpro-
duktbekendtggrelsen gennem en direkte sammenligning af resultatet af en udvasknings-
test ved en mere eller mindre tilfeeldig L/S-vaerdi med en kravveerdi for grundvandskvali-
tet. En sadan vurdering kraever, ligesom for andre stoffer der udvaskes, at udvasknings-
forlgbet over et leengere L/S-interval er kendt (f.eks. gennem udfgrelse af kolonneudvask-
ningstests), og at dette og anvendelsesbetingelserne (nedber, lagtykkelse, overdeekning,
mv.) indgar i en risikovurdering baseret pa scenarieberegninger af kildestyrken og model-
beregninger af den efterfalgende transport i jord og grundvand til et referencepunkt. Den
gennemfgrte undersggelse er en screening, som alene har pavist, at der kan ske en vis
udvaskning af PFAS fra slagger i kontakt med vand.
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Issue Date - 02-Dec-2022

Page :20f 11

Work Order - PR22B3754

Customer - Danish Waste Solutions
Analytical Results
Sub-Matrix: SOIL Client sample ID A B c

Laboratory sample ID PR22B3754001 PR22B3754002 PR22B3754003
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU
Hexabromocyclododecane S-BFRLMS02 5.00 ug/kg DW - <5.00 -
(HBCD)
Tetrabromobisphenol-A S-BFRLMS02 0.500 yg/kg DW — <0.500 -
(TBBP-A)
Perfluorobutanoic acid (PFBA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoropentanoic acid (PFPeA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500
Perfluorohexanoic acid (PFHxA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroheptanoic acid (PFHpA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500
Perfluorooctanoic acid (PFOA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorononanoic acid (PFNA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorodecanoic acid (PFDA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroundecanoic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFUNnDA)
Perfluorododecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDoDA)
Perfluorotridecanoic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFTIDA)
Perfluorobutane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFBS)
Perfluoropentane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFPeS)
Perfluorohexane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFHxS)
Perfluoroheptane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFHpS)
Perfluorooctane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFOS)
Perfluorononane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFNS)
Perfluorodecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDS)
Perfluoroundecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50
(PFUNDS)
Perfluorododecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDoDS)
Perfluorotridecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50
(PFTIDS)
6:2 Fluorotelomer sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(6:2 FTS)
Perfluorooctane sulfonamide S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(FOSA)
Sum of 4 PFAS (M1) S-PFCLMS02 1.0 ug/kg DW <1.0 <1.0 <1.0
Sum of 22 PFAS (M1) S-PFCLMS02 7.50 vg/kg DW <7.50 — <7.50 — <7.50 —
Physical Parameters ‘
Dry matter @ 105°C S-DRY-GRCI 0.10 % 90.8 +£6.0% 85.0 £6.0% 85.6 +£6.0%
PBDE
BDE 28 S-BEHMS01 - ug/kg DW <0.1
BDE 47 S-BEHMS01 - ug/kg DW <0.1
Tetra-BDE S-BEHMS05 - ug/kg DW - <2.1
Penta-BDE S-BEHMSO05 - ug/kg DW - <1.9
BDE 99 S-BEHMS01 - ug/kg DW <0.1
Hexa-BDE S-BEHMS05 - yg/kg DW <21
BDE 100 S-BEHMS01 - ug/kg DW <0.1
Hepta-BDE S-BEHMS05 - ug/kg DW <2.4
Octa-BDE S-BEHMS05 - ug/kg DW <2.4
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The company is certified according to CSN EN I1SO 14001 and CSN ISO 45001
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Issue Date
Page
Work Order
Customer

- 02-Dec-2022

: 3of 11
- PR22B3754
- Danish Waste Solutions

Sub-Matrix: SOIL Client sample ID A B c
Laboratory sample ID PR22B3754001 PR22B3754002 PR22B3754003

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

PBDE - Continued

BDE 153 S-BEHMS01 - yg/kg DW — <0.1

Nona-BDE S-BEHMSO05 - ug/kg DW -—— <2.9

BDE 154 S-BEHMSO01 - ug/kg DW <0.1

Deca-BDE S-BEHMS05 - pg/kg DW - <5

Decabromobiphenyl S-BBHMSO01 - vg/kg DW - <11

Sample Pre-Preparation ]

Mass of Analytical Sample (not S-PPLO6CE2 0.1 ] 193 206 204

accredited)

Volume of Leach L/S = 2 (not S-PPLOBCE2 0.1 mL 278 258 261

accredited)

Volume of Water added for S-PPLO6CE2 0.1 mL 332 319 321

Leach L/S = 2 (not accredited)

pH S-PPLOGCE2 1.00 - 11.8 10.3 11.4

Electrical Conductivity @ 25°C S-PPLO6CE2 0.10 mS/m 480 430 320

Temperature S-PPLO6CE2 0.5 °C 22.0 22.0 22.0

Sub-Matrix: SOIL Client sample ID D E F

Laboratory sample ID PR22B3754004 PR22B3754005 PR22B3754006

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Hexabromocyclododecane S-BFRLMS02 5.00 ug/kg DW - - <5.00

(HBCD)

Tetrabromobisphenol-A S-BFRLMS02 0.500 ug/kg DW -——- - <0.500

(TBBP-A)

Perfluorobutanoic acid (PFBA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500

Perfluoropentanoic acid (PFPeA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

Perfluorohexanoic acid (PFHxA) S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

Perfluoroheptanoic acid (PFHpA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

Perfluorooctanoic acid (PFOA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

Perfluorononanoic acid (PFNA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500

Perfluorodecanoic acid (PFDA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500

Perfluoroundecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFUNnDA)

Perfluorododecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFDoDA)

Perfluorotridecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFTIDA)

Perfluorobutane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFBS)

Perfluoropentane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFPeS)

Perfluorohexane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFHxS)

Perfluoroheptane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFHpS)

Perfluorooctane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFOS)

Perfluorononane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFNS)

Perfluorodecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFDS)

Perfluoroundecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50

(PFUNDS)
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Sub-Matrix: SOIL Client sample ID D E F
Laboratory sample ID PR22B3754004 PR22B3754005 PR22B3754006
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds - Continued :
Perfluorododecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDoDS)
Perfluorotridecane sulfonic acid S-PFCLMS02 2.50 pglkg DW <2.50 <2.50 <2.50
(PFTrDS)
6:2 Fluorotelomer sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(6:2 FTS)
Perfluorooctane sulfonamide S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(FOSA)
Sum of 4 PFAS (M1) S-PFCLMS02 1.0 ug/kg DW <1.0 <1.0 <1.0
Sum of 22 PFAS (M1) S-PFCLMS02 7.50 ug/kg DW <7.50 <7.50 <7.50
Dry matter @ 105°C S-DRY-GRCI 0.10 % 85.4 +6.0% 81.7 +6.0% 97.2 +6.0%
PBDE '
BDE 28 S-BEHMSO01 - ug/kg DW <0.094
BDE 47 S-BEHMSO01 - vg/kg DW ———- ———— 0.160 +30.0%
Tetra-BDE S-BEHMSO05 - pg/kg DW ——- <2
Penta-BDE S-BEHMSO05 - ug/kg DW - nee <2
BDE 99 S-BEHMS01 - ug/kg DW 0.220 +30.0%
Hexa-BDE S-BEHMS05 - ug/kg DW - <21
BDE 100 S-BEHMSO01 - ug/kg DW <0.078
Hepta-BDE S-BEHMS05 - ug/kg DW --e- <2.3
Octa-BDE S-BEHMS05 - pg/kg DW <23
BDE 153 S-BEHMS01 - pg/kg DW <0.1
Nona-BDE S-BEHMS05 - ug/kg DW <27
BDE 154 S-BEHMS01 - pg/kg DW - <0.097
Deca-BDE S-BEHMS05 - ug/kg DW <41
Decabromobiphenyl S-BBHMSO01 - ug/kg DW - <12
Sample Pre-Preparation ]
Mass of Analytical Sample (not S-PPLOBCE2 0.1 g 205 214 180
accredited)
Volume of Leach L/S = 2 (not S-PPLO6CE2 0.1 mL 259 — 248 278
accredited)
Volume of Water added for S-PPLOBCE2 0.1 mL 320 - 311 345
Leach L/S = 2 (not accredited)
pH S-PPLO6CE2 1.00 - 10.3 . 101 9.50
Electrical Conductivity @ 25°C S-PPLO6CE2 0.10 mS/m 400 — 500 760
Temperature S-PPLO6CE2 0.5 °C 22.0 - 22,5 23.4
Sub-Matrix: SOIL Client sample ID G H 1
Laboratory sample ID PR22B3754007 PR22B3754008 PR22B3754009
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds :
Perfluorobutanoic acid (PFBA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoropentanoic acid (PFPeA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorohexanoic acid (PFHxA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroheptanoic acid (PFHpA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorooctanoic acid (PFOA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorononanoic acid (PFNA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 0.547 +30.0%
Perfluorodecanoic acid (PFDA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroundecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFUNDA)
Perfluorododecanoic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFDODA)
Perfluorotridecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFTrDA)
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Sub-Matrix: SOIL Client sample ID G H 1
Laboratory sample ID PR22B3754007 PR22B3754008 PR22B3754009

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds - Continued

Perfluorobutane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFBS)

Perfluoropentane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFPeS)

Perfluorohexane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFHxS)

Perfluoroheptane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFHpS)

Perfluorooctane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFOS)

Perfluorononane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(PFNS)

Perfluorodecane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFDS)

Perfluoroundecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50

(PFUNDS)

Perfluorododecane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500

(PFDoDS)

Perfluorotridecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50

(PFTIDS)

6:2 Fluorotelomer sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(6:2 FTS)

Perfluorooctane sulfonamide S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500

(FOSA)

Sum of 4 PFAS (M1) S-PFCLMS02 1.0 uglkg DW <1.0 <1.0 <1.0

Sum of 22 PFAS (M1) S-PFCLMS02 7.50 vg/kg DW <7.50 <7.50 0.55 +40.0%

Dry matter @ 105°C S-DRY-GRCI 0.10 % 89.2 +6.0% 97.7 +£6.0% 87.8 +£6.0%

Sample Pre-Preparation

Mass of Analytical Sample (not S-PPLO6CE2 0.1 g 196 179 199

accredited)

Volume of Leach L/S = 2 (not S-PPLO6CE2 0.1 mL 264 271 266

accredited)

Volume of Water added for S-PPLOBCE2 0.1 mL 329 346 326

Leach L/S = 2 (not accredited)

PH S-PPLO6CE2 1.00 - 9.70 9.80 9.90

Electrical Conductivity @ 25°C S-PPLOGCE?2 0.10 mS/m 462 500 473

Temperature S-PPLO6CE2 0.5 °C 21.3 20.0 21.5

Sub-Matrix: LEACHATE Client sample ID A B c

Laboratory sample ID PR22B3754001 PR22B3754002 PR22B3754003

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds ]

Perfluorobutanoic acid (PFBA) W-PFCLMS02 0.010 ug/L <0.100 <0.100 <0.100

Perfluoropentanoic acid (PFPeA) W-PFCLMS02 0.010 ug/L <0.050 <0.050 <0.050

Perfluorohexanoic acid (PFHxA) W-PFCLMS02 0.010 pg/L 0.022 +30.0% <0.030 0.044 +30.0%

Perfluoroheptanoic acid (PFHpA) W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

Perfluorooctanoic acid (PFOA) W-PFCLMS02 0.0050 pg/L 0.0057 +30.0% 0.0153 +30.0% 0.0246 +30.0%

Perfluorononanoic acid (PFNA) W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

Perfluorodecanoic acid (PFDA) W-PFCLMS02 0.010 ug/L <0.010 <0.010 <0.010

Perfluoroundecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFUNnDA)

Perfluorododecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDA)

Perfluorotridecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFTIDA)

right solutions. right partner.

The company is certified according to CSN EN I1SO 14001 and CSN ISO 45001

www.alsglobal.eu




Issue Date
Page
Work Order
Customer

- 02-Dec-2022

: 6of 11
- PR22B3754
- Danish Waste Solutions

Sub-Matrix: LEACHATE Client sample ID A B c
Laboratory sample ID PR22B3754001 PR22B3754002 PR22B3754003

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds - Continued :

Perfluorotetradecanoic acid W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

(PFTeDA)

Perfluorohexadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

(PFHxXDA)

perfluorooctadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

(PFOCDA)

Perfluorobutane sulfonic acid W-PFCLMS02 0.010 pg/L 0.030 +30.0% 0.018 +30.0% 0.032 +30.0%

(PFBS)

Perfluoropentane sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(PFPeS)

Perfluorohexane sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 0.092 +30.0%

(PFHxS)

Perfluoroheptane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFHpS)

Perfluorooctane sulfonic acid W-PFCLMS02 0.0050 Mg/l <0.0050 <0.0050 0.0566 +30.0%

(PFOS)

Perfluorononane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFNS)

Perfluorodecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDS)

Perfluoroundecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFUNDS)

Perfluorododecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDS)

Perfluorotridecane sulfonic acid W-PFCLMS02 0.020 pg/L <0.020 <0.020 <0.020

(PFTIDS)

4:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(4:2 FTS)

6:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L 0.019 +40.0% 0.082 +40.0% 0.119 +40.0%

(6:2 FTS)

8:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 0.018 +40.0%

(8:2 FTS)

10:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(10:2 FTS)

Perfluorooctane sulfonamide W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(FOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.050 Mg/l <0.050 <0.050 <0.050

sulfonamide (MeFOSA)

N-Ethyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (EtFOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

sulfonamidoethanol (MeFOSE)

N-Ethyl perfluorooctane W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025

sulfonamidoethanol (EtFOSE)

Perfluorooctane W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

sulfonamidoacetic acid (FOSAA)

N-Methyl perfluorooctane W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

sulfonamidoacetic acid

(MeFOSAA)

N-Ethyl perfluorooctane W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

sulfonamidoacetic acid

(EtFOSAA)

7H-perfluoroheptanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(HPFHpA)

Perfluoro-3,7-dimethyloctanoic W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

acid (P37DMOA)

Perfluoro-4-methoxybutanoic W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025

acid (PFMBA)
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Sub-Matrix: LEACHATE Client sample ID A B c
Laboratory sample ID PR22B3754001 PR22B3754002 PR22B3754003

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds - Continued

Perfluoro-3-methoxypropanoic W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

acid (PFMPA)

11-chloroeicosafluoro-3-oxaunde W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

cane-1-sulfonic acid

(11CI-PF30UdS)

9-chlorohexadecafluoro-3-oxano W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

nane-1-sulfonic acid

(9CI-PF30NS)

4,8-dioxa-3H-perfluorononanoic W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

acid (DONA)

Sum of 11 PFAS (M1) W-PFCLMS02 0.050 pg/L 0.077 +30.0% 0.115 +30.0% 0.368 +30.0%

Sum of 20 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.058 +40.0% 0.033 +40.0% 0.249 +40.0%

Sum of 21 PFAS (M1) W-PFCLMS02 0.100 ug/L 0.077 +40.0% 0.115 +40.0% 0.368 +40.0%

Sum of 20 PFAS W-PFCLMS02 0.200 ug/L 0.058 +40.0% 0.033 +40.0% 0.249 +40.0%

Sum of 42 PFAS W-PFCLMS02 0.655 pg/L 0.077 +40.0% 0.115 +40.0% 0.386 +40.0%

Electrical Conductivity @ 25°C W-CON-PCT 0.10 mS/m 469 +10.0% 462 +10.0% 320 +10.0%

pH Value W-PH-PCT 1.00 - 1.7 +0.7% 10.1 +0.8% 11.4 £0.7%

Sub-Matrix: LEACHATE Client sample ID D E F

Laboratory sample ID PR22B3754004 PR22B3754005 PR22B3754006

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds '

Perfluorobutanoic acid (PFBA) W-PFCLMS02 0.010 pg/L <0.100 <0.100 <0.100

Perfluoropentanoic acid (PFPeA) W-PFCLMS02 0.010 pg/L <0.050 <0.050 <0.050

Perfluorohexanoic acid (PFHxA) W-PFCLMS02 0.010 ug/L 0.025 +30.0% 0.078 +30.0% <0.050

Perfluoroheptanoic acid (PFHpA) W-PFCLMS02 0.010 pg/L 0.014 +30.0% <0.010 <0.010

Perfluorooctanoic acid (PFOA) W-PFCLMS02 0.0050 pg/L 0.0162 +30.0% 0.0360 +30.0% 0.0224 +30.0%

Perfluorononanoic acid (PFNA) W-PFCLMS02 0.010 ug/L <0.010 <0.010 <0.010

Perfluorodecanoic acid (PFDA) W-PFCLMS02 0.010 pg/L <0.010 0.010 +40.0% <0.010

Perfluoroundecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFUNDA)

Perfluorododecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDA)

Perfluorotridecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFTrDA)

Perfluorotetradecanoic acid W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

(PFTeDA)

Perfluorohexadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

(PFHxXDA)

perfluorooctadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

(PFOCDA)

Perfluorobutane sulfonic acid W-PFCLMS02 0.010 ug/L 0.028 +30.0% 0.160 +30.0% 0.191 +30.0%

(PFBS)

Perfluoropentane sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(PFPeS)

Perfluorohexane sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(PFHxS)

Perfluoroheptane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFHpS)

Perfluorooctane sulfonic acid W-PFCLMS02 0.0050 pg/L 0.0083 +30.0% 0.0052 +30.0% <0.0050

(PFOS)

Perfluorononane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFNS)

Perfluorodecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDS)
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Sub-Matrix: LEACHATE Client sample ID D E F
Laboratory sample ID PR22B3754004 PR22B3754005 PR22B3754006

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds - Continued ]

Perfluoroundecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFUNDS)

Perfluorododecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDS)

Perfluorotridecane sulfonic acid W-PFCLMS02 0.020 Mg/l <0.020 <0.020 <0.020

(PFTIDS)

4:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(4:2 FTS)

6:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Hg/L 0.030 +40.0% <0.010 <0.050

(6:2 FTS)

8:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(8:2 FTS)

10:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(10:2 FTS)

Perfluorooctane sulfonamide W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(FOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (MeFOSA)

N-Ethyl perfluorooctane W-PFCLMS02 0.050 Hg/L <0.050 <0.050 <0.050

sulfonamide (EtFOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

sulfonamidoethanol (MeFOSE)

N-Ethyl perfluorooctane W-PFCLMS02 0.025 Mg/l <0.025 <0.025 <0.025

sulfonamidoethanol (EtFOSE)

Perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

sulfonamidoacetic acid (FOSAA)

N-Methy!l perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

sulfonamidoacetic acid

(MeFOSAA)

N-Ethyl perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

sulfonamidoacetic acid

(EtFOSAA)

7H-perfluoroheptanoic acid W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

(HPFHpA)

Perfluoro-3,7-dimethyloctanoic W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

acid (P37DMOA)

Perfluoro-4-methoxybutanoic W-PFCLMS02 0.025 Mg/l <0.025 <0.025 <0.025

acid (PFMBA)

Perfluoro-3-methoxypropanoic W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

acid (PFMPA)

11-chloroeicosafluoro-3-oxaunde W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

cane-1-sulfonic acid

(11CI-PF30UdS)

9-chlorohexadecafluoro-3-oxano W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

nane-1-sulfonic acid

(9CI-PF30NS)

4,8-dioxa-3H-perfluorononanoic W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

acid (DONA)

Sum of 11 PFAS (M1) W-PFCLMS02 0.050 pg/L 0.122 +30.0% 0.289 +30.0% 0.213 +30.0%

Sum of 20 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.092 +40.0% 0.289 +40.0% 0.213 +40.0%

Sum of 21 PFAS (M1) W-PFCLMS02 0.100 ug/L 0.122 +40.0% 0.289 +40.0% 0.213 +40.0%

Sum of 20 PFAS W-PFCLMS02 0.200 ug/L 0.092 +40.0% 0.289 +40.0% 0.213 +40.0%

Sum of 42 PFAS W-PFCLMS02 0.655 pg/L 0.122 +40.0% 0.289 +40.0% 0.213 +40.0%

Electrical Conductivity @ 25°C W-CON-PCT 0.10 mS/m 433 +10.0% 650 +10.0% 870 +10.0%

pH Value W-PH-PCT 1.00 - 10.1 +0.8% 9.79 +0.8% 9.19 +0.9%

Sub-Matrix: LEACHATE Client sample ID | G H |
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Sub-Matrix: LEACHATE Client sample ID G H 1
Laboratory sample ID PR22B3754007 PR22B3754008 PR22B3754009

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds :

Perfluorobutanoic acid (PFBA) W-PFCLMS02 0.010 ug/L <0.100 <0.100 <0.100

Perfluoropentanoic acid (PFPeA) W-PFCLMS02 0.010 pg/L <0.050 <0.050 <0.050

Perfluorohexanoic acid (PFHxA) W-PFCLMS02 0.010 pg/L <0.040 <0.020 0.011 +30.0%

Perfluoroheptanoic acid (PFHpA) W-PFCLMS02 0.010 ug/L 0.012 +30.0% <0.010 <0.010

Perfluorooctanoic acid (PFOA) W-PFCLMS02 0.0050 ug/L 0.0194 +30.0% 0.0064 +30.0% 0.0286 +30.0%

Perfluorononanoic acid (PFNA) W-PFCLMS02 0.010 pg/L <0.010 <0.010 0.103 +30.0%

Perfluorodecanoic acid (PFDA) W-PFCLMS02 0.010 ug/L <0.010 <0.010 <0.010

Perfluoroundecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFURDA)

Perfluorododecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDA)

Perfluorotridecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFTIDA)

Perfluorotetradecanoic acid W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

(PFTeDA)

Perfluorohexadecanoic acid W-PFCLMS02 0.050 Mg/l <0.050 <0.050 <0.050

(PFHXDA)

perfluorooctadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

(PFOCDA)

Perfluorobutane sulfonic acid W-PFCLMS02 0.010 Hg/L 0.108 £30.0% 0.070 +30.0% 0.017 +30.0%

(PFBS)

Perfluoropentane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFPeS)

Perfluorohexane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFHxS)

Perfluoroheptane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFHPS)

Perfluorooctane sulfonic acid W-PFCLMS02 0.0050 pg/L 0.0417 +30.0% <0.0050 0.0241 +30.0%

(PFOS)

Perfluorononane sulfonic acid W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

(PFNS)

Perfluorodecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDS)

Perfluoroundecane sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(PFUNDS)

Perfluorododecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDS)

Perfluorotridecane sulfonic acid W-PFCLMS02 0.020 pg/L <0.020 <0.020 <0.020

(PFTIDS)

4:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(4:2 FTS)

6:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 0.024 +40.0% 0.022 +40.0%

(6:2 FTS)

8:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

(8:2 FTS)

10:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(10:2 FTS)

Perfluorooctane sulfonamide W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(FOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (MeFOSA)

N-Ethyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (EtFOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025

sulfonamidoethanol (MeFOSE)

N-Ethyl perfluorooctane W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

sulfonamidoethanol (EtFOSE)

Perfluorooctane W-PFCLMS02 0.010 ug/L <0.010 — <0.010 — <0.010 —

sulfonamidoacetic acid (FOSAA)

right solutions. right partner.

The company is certified according to CSN EN I1SO 14001 and CSN ISO 45001
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Issue Date - 02-Dec-2022

Page : 10 of 11

Work Order - PR22B3754

Customer - Danish Waste Solutions
Sub-Matrix: LEACHATE Client sample ID G H 1

Laboratory sample ID PR22B3754007 PR22B3754008 PR22B3754009
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds - Continued ]
N-Methyl perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
sulfonamidoacetic acid
(MeFOSAA)
N-Ethyl perfluorooctane W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010
sulfonamidoacetic acid
(EtFOSAA)
7H-perfluoroheptanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(HPFHpA)
Perfluoro-3,7-dimethyloctanoic W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010
acid (P37DMOA)
Perfluoro-4-methoxybutanoic W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025
acid (PFMBA)
Perfluoro-3-methoxypropanoic W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025
acid (PFMPA)
11-chloroeicosafluoro-3-oxaunde W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

cane-1-sulfonic acid
(11CI-PF30UdS)
9-chlorohexadecafluoro-3-oxano W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010
nane-1-sulfonic acid
(9CI-PF30NS)

4,8-dioxa-3H-perfluorononanoic W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
acid (DONA)
Sum of 11 PFAS (M1) W-PFCLMS02 0.050 ug/L 0.181 +30.0% 0.100 +30.0% 0.206 +30.0%
Sum of 20 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.181 +40.0% 0.076 +40.0% 0.184 +40.0%
Sum of 21 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.181 +40.0% 0.100 +40.0% 0.206 +40.0%
Sum of 20 PFAS W-PFCLMS02 0.200 pg/L 0.181 +40.0% 0.076 +40.0% 0.184 +40.0%
Sum of 42 PFAS W-PFCLMS02 0.655 pg/L 0.181 +40.0% 0.100 +40.0% 0.206 +40.0%
Electrical Conductivity @ 25°C W-CON-PCT 0.10 mS/m 600 +10.0% 671 +10.0% 527 +10.0%
pH Value W-PH-PCT 1.00 - 9.55 +0.8% 9.59 +0.8% 9.69 +0.8%
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time
component has been assumed by the laboratory for processing purposes. Measurement uncertainty is expressed as expanded measurement

uncertainty with coverage factor k = 2, representing 95% confidence level.
Key: LOR = Limit of reporting; MU = Measurement Uncertainty. The MU does not include sampling uncertainty.

The end of result part of the certificate of analysis

Brief Method Summaries

Analytical Methods ‘ Method Descriptions

Location of test performance: Na Harfe 336/9 Prague 9 - Vysocany Czech Republic 190 00

S-BFRLMS02 CZ_SOP_D06_03 197.B (DIN 38414-14) Determination of perfluronated a brominated compounds by liquid chromatography
method with MS/MS detection.

S-DRY-GRCI CZ_SOP_D06_01_045 (CSN ISO 11465, CSN EN 12880, CSN EN 14346:2007), CZ_SOP_D06_07_046 (CSN ISO 11465, CSN

EN 12880, CSN EN 14346:2007, CSN 46 5735) Determination of dry matter by gravimetry and determination of moisture by
calculation from measured values.

S-PFCLMS02 CZ_SOP_D06_03 197.B (DIN  38414-14) Determination of perfluorinated and brominated compounds by liquid
chromatography with MS/MS detection.

W-CON-PCT CZ_SOP_D06_02_075(CSN EN 27888, SM 2520B) Determination of electrical conductivity by conductometer and
calculation of salinity.

W-PFCLMS02 CZ_SOP_D06_03 197.A (US EPA 537, CSN P CEN/TS 15968) Determination of perfluorinated and brominated compounds by
liquid chromatography with MS/MS detection.

W-PH-PCT CZ_SOP_D06_02_105 (CSN ISO 10523, US EPA 150.1, SM 4500-H+ B) Determination of pH by potentiometry

Location of test performance: V Raji 906 Pardubice - Zelene Predmesti Czech Republic 530 02

right solutions. right partner. The company is certified according to CSN EN ISO 14001 and CSN 1SO 45001 www.alsglobal.eu



Issue Date - 02-Dec-2022
Page 11 0of 11
Work Order - PR22B3754
Customer - Danish Waste Solutions
Analytical Methods Method Descriptions
S-BBHMS01 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
S-BEHMS01 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
S-BEHMS05 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
Preparation Methods Method Descriptions

Location of test performance

: Na Harfe 336/9 Prague 9 - Vysocany Czech Republic 190 00

*S-LTS6

Storage sample six months since receiving date.

*S-PPHOM4 CZ_SOP_D06_07_P01 Preparation of solid samples for analysis (crushing, milling and pulverizing).
S-PPLO6CE2 CZ_SOP_D06_07_088 (CSN EN 12457-3, CSN ISO 10523, CSN 757342, CSN EN 27888) Determination of pH, temperature
and electrical conductivity in extracts prepared by a two-stage batch test (under specific conditions)
*W-LTS3 Storage sample three months since receiving date.

The symbol "*" for the

method indicates a test outside the scope of accreditation of the laboratory or subcontractor. If the UNICO-SUB

code is stated in the method table, this only informs that the tests have been performed by a subcontractor and the results are given

in an annex to the tes

t report, including information on test accreditation. If the lab used for matrix outside the scope of accreditation or

non-standard sample matrix procedure specified in the accredited method and issues non-accredited results, this fact is stated on
the title page of this protocol in the section "Notes". If the test report shows the results of subcontracting, the place of performance of
the test is outside the laboratories of ALS Czech Republic, s.r.o.

The method for calculatin

g of the summation parameters is available on request in the customer service.

www.alsglobal.eu



Attachment no. 1 to the Certificate of Analysis for work order PR22B3754

Sample: B

ALS SAMPLE ID: PR22B3754/ 002
Measurement results PBDEs:

Sample: B

Final extract [pul]: 250
Sample weight [g]: 3.444 Injection volume [pl]: 4
Dry matter [%]: 85 Acquisition date [d.m.y.]: 1.12.22

Result Limit of Limit of
Detection Quantification
[pg/kg dw] [ng/kg dw] [ng/kg dw]

BDE 28 <0.1 0.04 0.1
BDE 47 <0.1 0.049 0.1
BDE 99 <0.1 0.041 0.1
BDE 100 <0.1 0.051 0.1
BDE 153 <0.1 0.051 0.1
BDE 154 <0.1 0.049 0.1
Tetra-BDE <21 0.049 2.1
Penta-BDE <1.9 0.041 19
Hexa-BDE <2.1 0.051 2.1
Hepta-BDE <24 0.099 2.4
Octa-BDE <24 0.2 24
Nona-BDE <29 0.48 2.9
Deca-BDE <25 2.5 5
Decabromobiphenyl <11 5.3 11

The limits of quantification are defined on the base of blank level.

The value of the detection limit is mentioned as the actual value at the acquisition date.

Measurement uncertainty is expressed as a double (k=2) relative standard deviation (RSD%), and
corresponds to 95% confidence interval.
Estimation of uncertainty of each PBDE congener is 30%.
These values were ensured by analyses of certified reference material under conditions of internal

reproducibility.

Results marked ”<” are lower than the limit of detection or quantification.

Right Solutions ¢ Right Partner

1/1
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Attachment no. 2 to the Certificate of Analysis for work order PR22B3754

Sample: F

ALS SAMPLE ID: PR22B3754/ 006
Measurement results PBDEs:

Sample: F

Final extract [pul]: 250
Sample weight [g]: 3314 Injection volume [pl]: 4
Dry matter [%]: 97.2 Acquisition date [d.m.y.]: 1.12.22

Result Limit of Limit of
Detection Quantification
[pg/kg dw] [ng/kg dw] [ng/kg dw]

BDE 28 <0.1 0.047 0.1
BDE 47 0.16 0.049 0.1
BDE 99 0.22 0.043 0.1
BDE 100 <0.1 0.039 0.1
BDE 153 <0.1 0.05 0.1
BDE 154 <0.1 0.049 0.1
Tetra-BDE <2 0.049 2
Penta-BDE <2 0.043 2
Hexa-BDE <2.1 0.05 2.1
Hepta-BDE <23 0.097 2.3
Octa-BDE <23 0.19 2.3
Nona-BDE < 2.7 0.45 2.7
Deca-BDE <2 2 4.1
Decabromobiphenyl <12 5.9 12

The limits of quantification are defined on the base of blank level.

The value of the detection limit is mentioned as the actual value at the acquisition date.

Measurement uncertainty is expressed as a double (k=2) relative standard deviation (RSD%), and
corresponds to 95% confidence interval.
Estimation of uncertainty of each PBDE congener is 30%.
These values were ensured by analyses of certified reference material under conditions of internal

reproducibility.

Results marked ”<” are lower than the limit of detection or quantification.

Right Solutions ¢ Right Partner

1/1
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CERTIFICATE OF ANALYSIS

Work Order

Customer
Contact
Address
E-mail
Telephone

Project
Order number

Site
Sampled by

: PR22B3761

. Danish Waste Solutions
. Jifi Hyks

: Agern Alle 3

2970 Hgrsholm Danmark

. jny@danws.dk
. +45 26687051

. 2022-158

: DK
: client DanWS

Issue Date

Laboratory
Contact

Address

E-mail
Telephone

Page
Date Samples

Received
Quote number

Date of test
QC Level

- 01-Dec-2022

- ALS Czech Republic, s.r.o.
: Client Service

190 00 Czech Republic

©10of8
: 04-Nov-2022

: PR2018DANWA-DK0001

(CZ-250-18-0344)

: 08-Nov-2022 - 01-Dec-2022
© ALS CR Standard Quality Control

Schedule

- Na Harfe 336/9 Prague 9 - Vysocany

. customer.support@alsglobal.com
. +420 226 226 228

General Comments

This report shall not be reproduced except in full, without prior written approval from the laboratory.

The laboratory declares that the test results relate only to the listed samples.

Certificate of analysis states: "Sampled by Customer" then the results relate to the sample as received.
Sample(s) PR22B3761/001, method S-BFRLMSO02 - LOR for particular sample(s) raised due to matrix interference.

If the section "Sampled by" of the

Sample(s) PR22B3761/001-004, method W-PFCLMS02- LOR for particular sample(s) raised due to matrix
interference.
Responsib[e for accuracy Testing Laboratory No. 1163
Accredited by CAl according to
CSN EN ISO/IEC 17025:2018
Signatories Position

Lubomir Pokorny

Country Manager

\\\‘\\up:/,,/

T3
ZZmy
L 1163

The company is certified according to CSN EN ISO 14001 (Environmental management systems) and CSN 1SO 45001
(Occupational health and safety management systems)

right solutions. right partner.
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Issue Date - 01-Dec-2022

Page 1 20f8

Work Order - PR22B3761

Customer - Danish Waste Solutions
Analytical Results
Sub-Matrix: SOIL Client sample ID L M N

Laboratory sample ID PR22B3761001 PR22B3761002 PR22B3761003
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU
Hexabromocyclododecane S-BFRLMS02 5.00 ug/kg DW <5.00
(HBCD)
Tetrabromobisphenol-A S-BFRLMS02 0.500 ug/kg DW <2.00 e I
(TBBP-A)
Perfluorobutanoic acid (PFBA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoropentanoic acid (PFPeA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500
Perfluorohexanoic acid (PFHxA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroheptanoic acid (PFHpA) S-PFCLMS02 0.500 vg/kg DW <0.500 <0.500 <0.500
Perfluorooctanoic acid (PFOA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorononanoic acid (PFNA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluorodecanoic acid (PFDA) S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
Perfluoroundecanoic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFUNDA)
Perfluorododecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDoDA)
Perfluorotridecanoic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFTrDA)
Perfluorobutane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFBS)
Perfluoropentane sulfonic acid S-PFCLMS02 0.500 ug’kg DW <0.500 <0.500 <0.500
(PFPeS)
Perfluorohexane sulfonic acid S-PFCLMS02 0.500 pg/kg DW <0.500 <0.500 <0.500
(PFHXxS)
Perfluoroheptane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFHpS)
Perfluorooctane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFOS)
Perfluorononane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFNS)
Perfluorodecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDS)
Perfluoroundecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50
(PFUNDS)
Perfluorododecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(PFDoDS)
Perfluorotridecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 <2.50 <2.50
(PFTIDS)
6:2 Fluorotelomer sulfonic acid S-PFCLMS02 0.500 ug/kg DW 1.62 +30.0% 1.18 +30.0% <0.500
(6:2 FTS)
Perfluorooctane sulfonamide S-PFCLMS02 0.500 ug/kg DW <0.500 <0.500 <0.500
(FOSA)
Sum of 4 PFAS (M1) S-PFCLMS02 1.0 ug/kg DW <1.0 <1.0 <1.0
Sum of 22 PFAS (M1) S-PFCLMS02 7.50 vg/kg DW 1.62 +40.0% 1.18 +40.0% <7.50
Physical Parameters ‘
Dry matter @ 105°C S-DRY-GRCI 0.10 % 88.4 +£6.0% 89.6 £6.0% 90.6 +£6.0%
PBDE ]
BDE 28 S-BEHMS01 - ug/kg DW <0.094
BDE 47 S-BEHMSO01 - ug/kg DW <0.1
Tetra-BDE S-BEHMS05 - ug/kg DW <2.2
Penta-BDE S-BEHMSO05 - ug/kg DW <2.2
BDE 99 S-BEHMSO01 - ug/kg DW <0.095
Hexa-BDE S-BEHMS05 - ug/kg DW <2
BDE 100 S-BEHMS01 - ug/kg DW <0.088
Hepta-BDE S-BEHMSO05 - pg/kg DW <24
Octa-BDE S-BEHMS05 - ug/kg DW <2.3

right solutions. right partner.

The company is certified according to CSN EN I1SO 14001 and CSN ISO 45001
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Issue Date
Page
Work Order
Customer

- 01-Dec-2022

:30f8
- PR22B3761
- Danish Waste Solutions

Sub-Matrix: SOIL Client sample ID L M N
Laboratory sample ID PR22B3761001 PR22B3761002 PR22B3761003

Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]
Parameter Method LOR Unit Result MU Result MU Result MU
PBDE - Continued 4
BDE 153 S-BEHMSO01 - ug/kg DW <0.094
Nona-BDE S-BEHMS05 - ug/kg DW <2.8
BDE 154 S-BEHMSO01 - ug/kg DW <0.091
Deca-BDE S-BEHMS05 - ug/kg DW <23
Decabromobiphenyl S-BBHMSO01 - pg/kg DW <15
Sample Pre-Preparation E
Mass of Analytical Sample (not S-PPLO6CE2 0.1 g 198 195 193
accredited)
Volume of Leach L/S = 2 (not S-PPLO6CE2 0.1 mL 278 — 283 285
accredited)
Volume of Water added for S-PPLO6CE2 0.1 mL 327 — 330 332
Leach L/S = 2 (not accredited)
pH S-PPLO6CE2 1.00 - 10.8 — 10.6 10.5
Electrical Conductivity @ 25°C S-PPLO6CE2 0.10 mS/m 485 — 495 469
Temperature S-PPLO6CE2 0.5 °C 223 — 23.2 23.2
Sub-Matrix: SOIL Client sample ID (o) J— J—

Laboratory sample ID PR22B3761004

Client sampling date / time [04-Nov-2022]
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds
Perfluorobutanoic acid (PFBA) S-PFCLMS02 0.500 ug/kg DW <0.500
Perfluoropentanoic acid (PFPeA) S-PFCLMS02 0.500 ug/kg DW <0.500
Perfluorohexanoic acid (PFHxA) S-PFCLMS02 0.500 pg/kg DW <0.500 - J—
Perfluoroheptanoic acid (PFHpA) S-PFCLMS02 0.500 ug/kg DW <0.500
Perfluorooctanoic acid (PFOA) S-PFCLMS02 0.500 ug/kg DW <0.500 J— J—
Perfluorononanoic acid (PFNA) S-PFCLMS02 0.500 ug/kg DW <0.500
Perfluorodecanoic acid (PFDA) S-PFCLMS02 0.500 ug/kg DW <0.500
Perfluoroundecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 - j—
(PFUNDA)
Perfluorododecanoic acid S-PFCLMS02 0.500 Hg/kg DW <0.500
(PFDoDA)
Perfluorotridecanoic acid S-PFCLMS02 0.500 ug/kg DW <0.500 e I
(PFTrDA)
Perfluorobutane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(PFBS)
Perfluoropentane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(PFPeS)
Perfluorohexane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 j— I
(PFHxS)
Perfluoroheptane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 nee -
(PFHpS)
Perfluorooctane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500 j— I
(PFOS)
Perfluorononane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(PFNS)
Perfluorodecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(PFDS)
Perfluoroundecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50
(PFUNDS)
Perfluorododecane sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(PFDoDS)
Perfluorotridecane sulfonic acid S-PFCLMS02 2.50 ug/kg DW <2.50 - I
(PFTrDS)
6:2 Fluorotelomer sulfonic acid S-PFCLMS02 0.500 ug/kg DW <0.500
(6:2 FTS)

right solutions. right partner.

The company is certified according to CSN EN I1SO 14001 and CSN ISO 45001
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Work Order - PR22B3761

Customer - Danish Waste Solutions

Sub-Matrix: SOIL Client sample ID 0 —— —-
Laboratory sample ID PR22B3761004
Client sampling date / time [04-Nov-2022] - -
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds - Continued 4
Perfluorooctane sulfonamide S-PFCLMS02 0.500 ug/kg DW <0.500 -nen -
(FOSA)
Sum of 4 PFAS (M1) S-PFCLMS02 1.0 Hg/kg DW <1.0
Sum of 22 PFAS (M1) S-PFCLMS02 7.50 ug/kg DW <7.50
Physical Parameters 3
Dry matter @ 105°C S-DRY-GRCI % 89.5 +6.0%
Sample Pre-Preparation
Mass of Analytical Sample (not S-PPLO6CE2 0.1 g 196 - -
accredited)
Volume of Leach L/S = 2 (not S-PPLO6CE2 0.1 mL 274 - -
accredited)
Volume of Water added for S-PPLO6CE2 0.1 mL 329 nmn P
Leach L/S = 2 (not accredited)
pH S-PPLO6CE2 1.00 - 10.8 ———- -
Electrical Conductivity @ 25°C S-PPLO6CE2 0.10 mS/m 493
Temperature S-PPLO6CE2 0.5 °C 23.4
Sub-Matrix: LEACHATE Client sample ID L M N
Laboratory sample ID PR22B3761001 PR22B3761002 PR22B3761003
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]
| Parameter Method ‘ LOR ‘ Unit Result MU Result MU Result MU
Perfluorobutanoic acid (PFBA) W-PFCLMS02 0.010 pg/L <0.100 <0.100 <0.100
Perfluoropentanoic acid (PFPeA) W-PFCLMS02 0.010 pg/L 0.014 +40.0% 0.019 +40.0% <0.010
Perfluorohexanoic acid (PFHxA) W-PFCLMS02 0.010 pg/L 0.059 +30.0% 0.055 +30.0% <0.030
Perfluoroheptanoic acid (PFHpA) W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
Perfluorooctanoic acid (PFOA) W-PFCLMS02 0.0050 ug/L 0.0221 +30.0% 0.0290 +30.0% 0.0288 +30.0%
Perfluorononanoic acid (PFNA) W-PFCLMS02 0.010 ug/L <0.010 <0.010 <0.010
Perfluorodecanoic acid (PFDA) W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
Perfluoroundecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFUNDA)
Perfluorododecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFDoDA)
Perfluorotridecanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFTrDA)
Perfluorotetradecanoic acid W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025
(PFTeDA)
Perfluorohexadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050
(PFHxDA)
perfluorooctadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050
(PFOCDA)
Perfluorobutane sulfonic acid W-PFCLMS02 0.010 Mg/l 0.070 +30.0% 0.063 +30.0% 0.044 +30.0%
(PFBS)
Perfluoropentane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFPeS)
Perfluorohexane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFHXxS)
Perfluoroheptane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFHpS)
Perfluorooctane sulfonic acid W-PFCLMS02 0.0050 ug/L 0.0088 +30.0% 0.0187 +30.0% 0.0072 +30.0%
(PFOS)
Perfluorononane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFNS)
Perfluorodecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFDS)
Perfluoroundecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010
(PFUNDS)
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Sub-Matrix: LEACHATE Client sample ID L M N

Laboratory sample ID PR22B3761001 PR22B3761002 PR22B3761003
Client sampling date / time [04-Nov-2022] [04-Nov-2022] [04-Nov-2022]

Parameter Method LOR Unit Result MU Result MU Result MU

Perfluorinated Compounds - Continued :

Perfluorododecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(PFDoDS)

Perfluorotridecane sulfonic acid W-PFCLMS02 0.020 pg/L <0.020 <0.020 <0.020

(PFTrDS)

4:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

(4:2 FTS)

6:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L 0.349 +40.0% 0.333 +40.0% 0.020 +40.0%

(6:2 FTS)

8:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

(8:2 FTS)

10:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(10:2 FTS)

Perfluorooctane sulfonamide W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(FOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (MeFOSA)

N-Ethyl perfluorooctane W-PFCLMS02 0.050 pg/L <0.050 <0.050 <0.050

sulfonamide (EtFOSA)

N-Methyl perfluorooctane W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025

sulfonamidoethanol (MeFOSE)

N-Ethyl perfluorooctane W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

sulfonamidoethanol (EtFOSE)

Perfluorooctane W-PFCLMS02 0.010 ug/L <0.010 — <0.010 — <0.010 —

sulfonamidoacetic acid (FOSAA)

N-Methyl perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

sulfonamidoacetic acid

(MeFOSAA)

N-Ethyl perfluorooctane W-PFCLMS02 0.010 Mg/l <0.010 <0.010 <0.010

sulfonamidoacetic acid

(EtFOSAA)

7H-perfluoroheptanoic acid W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

(HPFHpA)

Perfluoro-3,7-dimethyloctanoic W-PFCLMS02 0.010 Hg/L <0.010 <0.010 <0.010

acid (P37DMOA)

Perfluoro-4-methoxybutanoic W-PFCLMS02 0.025 pg/L <0.025 <0.025 <0.025

acid (PFMBA)

Perfluoro-3-methoxypropanoic W-PFCLMS02 0.025 Hg/L <0.025 <0.025 <0.025

acid (PFMPA)

11-chloroeicosafluoro-3-oxaunde W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

cane-1-sulfonic acid

(11CI-PF30UdS)

9-chlorohexadecafluoro-3-oxano W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

nane-1-sulfonic acid

(9CI-PF30NS)

4,8-dioxa-3H-perfluorononanoic W-PFCLMS02 0.010 pg/L <0.010 <0.010 <0.010

acid (DONA)

Sum of 11 PFAS (M1) W-PFCLMS02 0.050 ug/L 0.523 +30.0% 0.518 +30.0% 0.100 +30.0%

Sum of 20 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.174 +40.0% 0.185 +40.0% 0.080 +40.0%

Sum of 21 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.523 +40.0% 0.518 +40.0% 0.100 +40.0%

Sum of 20 PFAS W-PFCLMS02 0.200 pg/L 0.174 +40.0% 0.185 +40.0% 0.080 +40.0%

Sum of 42 PFAS W-PFCLMS02 0.655 pg/L 0.523 +40.0% 0.518 +40.0% 0.100 +40.0%

Electrical Conductivity @ 25°C W-CON-PCT 0.10 mS/m 679 +10.0% 713 +10.0% 702 +10.0%

pH Value W-PH-PCT 1.00 - 10.6 +0.8% 10.4 +0.8% 10.2 +0.8%

Sub-Matrix: LEACHATE Client sample ID o J— m—
Laboratory sample ID PR22B3761004

Client sampling date / time

[04-Nov-2022]
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Sub-Matrix: LEACHATE Client sample ID [o) —— —
Laboratory sample ID PR22B3761004

Client sampling date / time [04-Nov-2022] - -
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds
Perfluorobutanoic acid (PFBA) W-PFCLMS02 0.010 ug/L <0.100
Perfluoropentanoic acid (PFPeA) W-PFCLMS02 0.010 pg/L <0.010
Perfluorohexanoic acid (PFHxA) W-PFCLMS02 0.010 pg/L <0.030 J— a——
Perfluoroheptanoic acid (PFHpA) W-PFCLMS02 0.010 ug/L <0.010 j— i
Perfluorooctanoic acid (PFOA) W-PFCLMS02 0.0050 ug/L 0.0306 +30.0%
Perfluorononanoic acid (PFNA) W-PFCLMS02 0.010 ug/L <0.010
Perfluorodecanoic acid (PFDA) W-PFCLMS02 0.010 ug/L <0.010
Perfluoroundecanoic acid W-PFCLMS02 0.010 ug/L <0.010 - I
(PFUNDA)
Perfluorododecanoic acid W-PFCLMS02 0.010 pg/L <0.010 e I
(PFDoDA)
Perfluorotridecanoic acid W-PFCLMS02 0.010 ug/L <0.010 - I
(PFTrDA)
Perfluorotetradecanoic acid W-PFCLMS02 0.025 ug/L <0.025
(PFTeDA)
Perfluorohexadecanoic acid W-PFCLMS02 0.050 pg/L <0.050 — -
(PFHXDA)
perfluorooctadecanoic acid W-PFCLMS02 0.050 pg/L <0.050
(PFOCDA)
Perfluorobutane sulfonic acid W-PFCLMS02 0.010 pg/L 0.050 +30.0%
(PFBS)
Perfluoropentane sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 j— j—
(PFPeS)
Perfluorohexane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010
(PFHXxS)
Perfluoroheptane sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 j— J—
(PFHpS)
Perfluorooctane sulfonic acid W-PFCLMS02 0.0050 ug/L 0.0113 +30.0%
(PFOS)
Perfluorononane sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 e —
(PFNS)
Perfluorodecane sulfonic acid W-PFCLMS02 0.010 ug/L <0.010
(PFDS)
Perfluoroundecane sulfonic acid W-PFCLMS02 0.010 pg/L <0.010
(PFUNDS)
Perfluorododecane sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 - J—
(PFDoDS)
Perfluorotridecane sulfonic acid W-PFCLMS02 0.020 ug/L <0.020
(PFTrDS)
4:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 — -
(4:2 FTS)
6:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 ug/L 0.019 +40.0% - j—
(6:2 FTS)
8:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 pg/L <0.010 — ——
(8:2 FTS)
10:2 Fluorotelomer sulfonic acid W-PFCLMS02 0.010 ug/L <0.010 j— j—
(10:2 FTS)
Perfluorooctane sulfonamide W-PFCLMS02 0.010 pg/L <0.010
(FOSA)
N-Methyl perfluorooctane W-PFCLMS02 0.050 ug/L <0.050 j— I
sulfonamide (MeFOSA)
N-Ethyl perfluorooctane W-PFCLMS02 0.050 ug/L <0.050 e i
sulfonamide (EtFOSA)
N-Methyl perfluorooctane W-PFCLMS02 0.025 pg/L <0.025
sulfonamidoethanol (MeFOSE)
N-Ethyl perfluorooctane W-PFCLMS02 0.025 ug/L <0.025 - I
sulfonamidoethanol (EtFOSE)
Perfluorooctane W-PFCLMS02 0.010 pg/L <0.010 e _—
sulfonamidoacetic acid (FOSAA)
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Sub-Matrix: LEACHATE Client sample ID (o) J— J—
Laboratory sample ID PR22B3761004

Client sampling date / time [04-Nov-2022] - -
Parameter Method LOR Unit Result MU Result MU Result MU
Perfluorinated Compounds - Continued
N-Methyl perfluorooctane W-PFCLMS02 0.010 ug/L <0.010 - —
sulfonamidoacetic acid
(MeFOSAA)
N-Ethyl perfluorooctane W-PFCLMS02 0.010 pg/L <0.010
sulfonamidoacetic acid
(EtFOSAA)
TH-perfluoroheptanoic acid W-PFCLMS02 0.010 pg/L <0.010
(HPFHpA)
Perfluoro-3,7-dimethyloctanoic W-PFCLMS02 0.010 pg/L <0.010
acid (P37DMOA)
Perfluoro-4-methoxybutanoic W-PFCLMS02 0.025 pg/L <0.025 - -
acid (PFMBA)
Perfluoro-3-methoxypropanoic W-PFCLMS02 0.025 pg/L <0.025 e I
acid (PFMPA)
11-chloroeicosafluoro-3-oxaunde W-PFCLMS02 0.010 ug/L <0.010 - -
cane-1-sulfonic acid
(11CI-PF30UdS)
9-chlorohexadecafluoro-3-oxano W-PFCLMS02 0.010 ug/L <0.010
nane-1-sulfonic acid
(9CI-PF30ONS)
4,8-dioxa-3H-perfluorononanoic W-PFCLMS02 0.010 pg/L <0.010 J— J—
acid (DONA)
Sum of 11 PFAS (M1) W-PFCLMS02 0.050 pg/L 0.111 +30.0%
Sum of 20 PFAS (M1) W-PFCLMS02 0.100 pg/L 0.092 +40.0%
Sum of 21 PFAS (M1) W-PFCLMS02 0.100 g/l 0.111 +40.0%
Sum of 20 PFAS W-PFCLMS02 0.200 pg/L 0.092 +40.0% — ——
Sum of 42 PFAS W-PFCLMS02 0.655 ug/L 0.111 +40.0%
Electrical Conductivity @ 25°C W-CON-PCT 0.10 mS/m 813 +10.0%
pH Value W-PH-PCT 1.00 - 10.6 +0.8%

When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time
component has been assumed by the laboratory for processing purposes. Measurement uncertainty is expressed as expanded measurement

uncertainty with coverage factor k = 2, representing 95% confidence level.
Key: LOR = Limit of reporting; MU = Measurement Uncertainty. The MU does not include sampling uncertainty.

The end of result part of the certificate of analysis

Brief Method Summaries

Analytical Methods ‘ Method Descriptions

Location of test performance: Na Harfe 336/9 Prague 9 - Vysocany Czech Republic 190 00

S-BFRLMS02 CZ_SOP_D06_03 197.B (DIN 38414-14) Determination of perfluronated a brominated compounds by liquid chromatography
method with MS/MS detection.

S-DRY-GRCI CZ_SOP_D06_01_045 (CSN ISO 11465, CSN EN 12880, CSN EN 14346:2007), CZ_SOP_DO06_07_046 (CSN ISO 11465, CSN
EN 12880, CSN EN 14346:2007, CSN 46 5735) Determination of dry matter by gravimetry and determination of moisture by
calculation from measured values.

S-PFCLMS02 CZ_SOP_D06_03 197.B (DIN  38414-14) Determination of perfluorinated and brominated compounds by liquid
chromatography with MS/MS detection.

W-CON-PCT CZ_SOP_D06_02_075(CSN EN 27888, SM 2520B) Determination of electrical conductivity by conductometer and
calculation of salinity.

W-PFCLMS02 CZ_SOP_D06_03 197.A (US EPA 537, CSN P CEN/TS 15968) Determination of perfluorinated and brominated compounds by
liquid chromatography with MS/MS detection.

W-PH-PCT CZ_SOP_D06_02_105 (CSN ISO 10523, US EPA 150.1, SM 4500-H+ B) Determination of pH by potentiometry

Location of test performance: V Raji 906 Pardubice - Zelene Predmesti Czech Republic 530 02
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Work Order - PR22B3761
Customer - Danish Waste Solutions
Analytical Methods Method Descriptions
S-BBHMS01 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
S-BEHMS01 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
S-BEHMS05 CZ_SOP_D06_06_177 except chap. 10.2.3.1, 10.2.3.7, 10.2.3.8, 10.2.5 (US EPA 1614, CSN EN 16377, CSN EN ISO 22032):
Determination of selected brominated flammable retarders (BFR) by isotope dilution method using HRGC-HRMS and
calculation of brominated flammable retarders sums from measured values.
The samples were stored in laboratory in the darkness and under temperature <4°C.
Actual LOQ are noticed in the annex.
Preparation Methods Method Descriptions

Location of test performance

: Na Harfe 336/9 Prague 9 - Vysocany Czech Republic 190 00

*S-LTS6

Storage sample six months since receiving date.

*S-PPHOM4 CZ_SOP_D06_07_P01 Preparation of solid samples for analysis (crushing, milling and pulverizing).
S-PPLO6CE2 CZ_SOP_D06_07_088 (CSN EN 12457-3, CSN ISO 10523, CSN 757342, CSN EN 27888) Determination of pH, temperature
and electrical conductivity in extracts prepared by a two-stage batch test (under specific conditions)
*W-LTS3 Storage sample three months since receiving date.

The symbol "*" for the

method indicates a test outside the scope of accreditation of the laboratory or subcontractor. If the UNICO-SUB

code is stated in the method table, this only informs that the tests have been performed by a subcontractor and the results are given

in an annex to the tes

t report, including information on test accreditation. If the lab used for matrix outside the scope of accreditation or

non-standard sample matrix procedure specified in the accredited method and issues non-accredited results, this fact is stated on
the title page of this protocol in the section "Notes". If the test report shows the results of subcontracting, the place of performance of
the test is outside the laboratories of ALS Czech Republic, s.r.o.

The method for calculatin

g of the summation parameters is available on request in the customer service.

www.alsglobal.eu



Attachment no. 1 to the Certificate of Analysis for work order PR22B3761

Sample: L
ALS SAMPLE ID: PR22B3761/ 001
Measurement results PBDEs:
Sample: L

Final extract [pul]: 250
Sample weight [g]: 3.018 Injection volume [pl]: 4
Dry matter [%]: 88.4 Acquisition date [d.m.y.]: 30.11.22

Result Limit of Limit of
Detection Quantification
[pg/kg dw] [ng/kg dw] [ng/kg dw]

BDE 28 < 0.094 0.047 0.094
BDE 47 <01 0.052 0.1
BDE 99 < 0.095 0.048 0.095
BDE 100 < 0.088 0.044 0.088
BDE 153 < 0.094 0.047 0.094
BDE 154 < 0.091 0.046 0.091
Tetra-BDE <22 0.052 2.2
Penta-BDE <22 0.048 2.2
Hexa-BDE <2 0.047 2
Hepta-BDE <24 0.1 2.4
Octa-BDE <23 0.19 2.3
Nona-BDE <28 0.47 2.8
Deca-BDE <23 2.3 4.5
Decabromobiphenyl <15 7.3 15

The limits of quantification are defined on the base of blank level.
The value of the detection limit is mentioned as the actual value at the acquisition date.
Measurement uncertainty is expressed as a double (k=2) relative standard deviation (RSD%), and
corresponds to 95% confidence interval.
Estimation of uncertainty of each PBDE congener is 30%.
These values were ensured by analyses of certified reference material under conditions of internal
reproducibility.
Results marked ”<” are lower than the limit of detection or quantification.

Right Solutions ¢ Right Partner 1/1 www.alsglobal.eu



Forekomst og udvaskning af PFAS i slagger fra affaldsforbraendingsanlaeg

Der er gennemfart en screeningsundersggelse af 13 prgver af slagger fra danske af-
faldsforbreendingsanleeg for indhold og udvaskning af de 22 PFAS-forbindelser, som
der pt. (december 2020) i forskellige sammenhaenge er opstillet sum-graensevaerdier
for. Tre af pr@verne er yderligere analyseret for indhold af 16 udvalgte bromerede
flammehammere. Bortset fra tre enkeltvaerdier fordelt pa tre forskellige slagger, 1a de
malte PFAS-indhold under de angivne kvantificeringsgraenser pa 0,5 ug/kg TS eller
2,5 ug/kg TS. Indholdet af PFAS (bade sum af 22 og sum af 4) |a veesentligt under
greenseveerdierne for PFAS-indhold i jord. Kun for én af tre undersagte slagger blev
der fundet et meget lille indhold af én af de 16 bromerede flammehaemmere (0,22
ug/kg TS af BDE 99).

Eluaterne fra udvaskning af de 13 slagger med demineraliseret vand i henhold til
DS/EN 12457-1 ved L/S = 2 I/kg blev analyseret for indhold af de ovennaevnte 22
PFAS-forbindelser samt yderligere 20 PFAS’er, som pt. ikke indgér i de danske
greenseveerdier. PFOA og PFBS blev identificeret i alle 13 eluatpraver, mens PFHXA,
PFOS og 6:2 FTS blev identificeret i mere end 50 % af eluatprgverne. Det hgjeste
antal af de monitorerede PFAS’er, som blev identificeret i en eluatprgve, var 6 (da
8:2 FTS ikke er inkluderet i hverken 4 PFAS eller 22 PFAS); dette var tilfaeldet for 5
eluatprgver. PFPeA, PFHpA, PFNA, PFDA, PFHXS samt 8:2 FTS blev identificeret i
mindst én eluatprgve.

Det skal understreges, at den gennemfgrte undersggelse er en screening, som alene
har pavist, at der kan ske en vis udvaskning af PFAS fra slagger i kontakt med vand.
Undersggelsen giver ikke informationer om, hvor meget og hvor hurtigt de pageel-
dende PFAS’er vil blive frigivet i en given situation. Det bgr ogsa naevnes, at en di-
rekte sammenligning af resultatet af en udvaskningstest med en greenseveaerdi for
indhold af et stof i grundvand ikke giver mening. En vurdering af pavirkningen af
grundvand fra udvaskning af stoffet i forbindelse med et givet anvendelsesscenarie
vil forudseette dels, at der udfgres en mere omfattende udvaskningstest, dels at der
gennemfgres en risikovurdering baseret pa denne og pa scenarieberegninger af kil-
destyrken over tid og modelberegninger af den efterfglgende transport i jord og
grundvand til et referencepunkt.

Miljgstyrelsen
Tolderlundsvej 5
5000 Odense C

www.mst.dk
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