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Schematic diagram of the mass flows of chemical substances derived from both internal and external milieus, via sewage systems to a
222 sewage treatment plant (STP), then through effluent and sludge into the environment.
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Nagra exempel — Kemikalieflodet

Tillsatser i livsmedel:

Sukralos: ca 10% rening/avskiljning i ARV (2 verk)

Inkommande Utgdaende Yivatten Slam
avloppsvatten vatten (na/1) (ng_fg
(ng/1) (ng/1) vatvikt)
# prov &) 29 15 ¥]
Sukralos 3 530-7 920 1 790-10 800 <4-3 560 <1-15
DF (%) 100 100 73 83
DF=Detektionsfrekvens IVL Rapport B1769, Januari, 2008
TRA SKUMPLAST

- rester av

. . . . . rorE jasmedel (CFC)
Kemikalier i varor: ae
TEXTIL

PLAST - flamskydd
- tillsats
kemikalier

METALL

- krom, GUMMI

ytbelaggning - tillsats-

kemikalier

Kalla: Keml



Ex: Bromerade flamskyddsmedel




Kemikalieflodet hot mot mark och vatten?

Ej
dricksvatten
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Vad klarar vara ARV? Var
tar olika amnen vagen?
Nedbrytning/avskiljning?

Teckning: Malmé kommun



Olika tunga (Molekylvikt)
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Naturvardsverket —
UmU och IVVL
screeningundersokning | ot oo Swedish

P rogramme 2010

lakemedel (Dec. 2011) Subepe . Pharmacesas

| | S

En del lakemedel hamnar i reningsverkens slam

Eftersom studien &r sa bred och ticker in =3 manga ldkemedel &r resultatet
mycket informativt. Undersdkningen visar att 92 av de 101 |dkemedlen kunde
detekteras (upptickas) i inkemmande avloppsvatten och att =8 manga som 85
kunde detekteras i utgdende, behandlat avloppsvatten. Slam analyserades fran
fyra avloppsreningsverk och da hittades 54 |skemedel i kvantifierbara halter.
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Resultat nationella screnningen (NV) 2011

In ARV Ytvatten
Ut ARV Fisk
| (ng/t)  (ng/t)  (ng/)  (ng/Kg)
MName
Alfuzosin

Alprazolam
Amiodiarone
[Aamitryptiline
Atenolol
Atorvastatin
Atracurium
Azelastine
[Azithromycin
Beclomethazone
Biperiden
Bisoprolol

Bromocriptine
Buprenorphine
Bupropion
(Carbamazepine
(Chlorprothixen
(Chlorpromazine
Cilazapril
[Ciprofloxacin
(Citalopram
(Clarithromycine
(Clemastine
Clindamycin
[Clomipramine
Clonazepam
(Clotrimazol
Codeine
Cyproheptadine
Desloratidin

Diclofenac
Dicycloverin
—

-

<L0OQ
14.3 <L 0Q =L0Q

<LoQ

<LoQ
16,3

<LoQ
<00

<LoQ
<LOQ
<LOQ
<L0Q

<LOQ

<L0Q

0.7 <L0Q
<L0Q <LOQ
<L0Q <LOQ

<LOQ <LOQ <LoQ <LoQ

=L0Q 0.5
<LOQ

=LOQ <L0Q <LOQ
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<L0OQ
=L0Q
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<LOQ
<L0Q
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8.1
<LOQ
13.6
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<LOQ
<LOQ
<L0Q
<L0Q

<LOQ
10,3
8.3

<L0Q
<L0Q
=L0Q

<LOQ <LOQ

<LOQ <L0Q

= =>200ng/I

Diphenhydramine
Dipyridamole
Donepezil
Duloxetine
Eprosartan
Erythromycin
Estradiol

Ethinyl estradial
Etonogestrel
Ezetimibe
Felodipine
Fentanyl
Fexofenadine

<LoQ
=L0Q
<L0Q

<LOQ

Finasteride
Flecainide
Fluconazole
Flunitrazepam
Fluoxetine
Flupentixol
Fluphenazine
Flutamide
Glibenclamide
Glimepiride
Haloperidol
Hydroxyzine
lbuprofen
Irbesartan
Ketoconazole
Ketoprofene
Levomepromazine
Levonorgestrel
Loperamide
Maprotiline
Meclozine

=L0oQ

=LoQ

=L0oQ

1.4 01
=L0Q =L0Q =L0Q
<L0oQ <L0oQ

=L0Q

<L0oQ
=L0Q =L0Q

<LoQ <L0oQ <L0oQ
=L0Q =L0Q =L0Q

<L0Q
<L0Q <L0Q <L0Q
<LO Q <LO Q <L0Q

1.3 =L0Q
71 04
8.3
<LOQ
13
=L0Q <L0Q
=L0Q
=LoQ =L0Q <L0Q
=L0oQ =L0Q =L0Q
13.9 1.6 <L0Q
17,9 =L0Q =L0Q
=L0oQ =L0oQ =L0Q
= 21-200 ng/L

Memantine
Metformin
Metoprolol
Mianserin
Miconazole
Mirtazapine
Naproxen
Nefazodone
Norfloxacin
Ofloxacin
Orphenadrine
Oxazepam
Paracetamol
Paroxetine
Perphenazine
Pizotifen
Promethazine
Ranitidine
Repaglinide
Risperidone
Rosuvastatin
Roxithromycin
Sertraline
sulfamethoxazole
Tamoxifen
Telmisartan
Tetracycline
Tramadol
Trihexyphenidyl
Trimethoprim
venlafaxine
Verapamil
Zolpidem

<L0Q
<L0Q

<L0Q
<L0OQ

<LOQ
<LOQ

<LOQ
=L0Q

19.0 6.0

= <20 ng/L



Mass flode av antibiotika (Umea ARV)

Ciprofloxacin
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Oonskade amnen i1 slam
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Anaerob rotning
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concentration in dewatered digested sludge than in primary sludge
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Generellt ARV

s | = ARV har generellt hogre avskiljningseffektivitet for s k

hydrofoba d&mnen (lipofila) an fallet for mer vattenlosliga
(vantat)

e HOg RE (=70%) — norfloxacin, ciprofloxacin, triclosan,
PBDE 47, EHDPP and DBT

Lipophilic compounds
/»CH3

(0] / o] / N)> OH Br Br \
/N /\ o 0="—0
HO ) N NH HO N NH o
0 _/ g / Q\ o \©
F cl cl cl Br Br

F

Norfloxacin Ciprofloxacin Triclosan PBDE 47 EHDPP

e Lag RE — trimethoprim, de flesta organofosfater och vissa

metaler -
HZNT‘/iN ‘ O\CH3 CD/?P:\O;CI
o)~

NH, CH,

HeC™

Water soluble compounds Trimethoprim
. . SN /o/\/o\/\/CH3
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Aterfinning av substanser i slam relativ
anvandningsvolymer i samhallet
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Tidstrender
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“From source to exposure”

POINT & DIFFUSE INDOOR & OCCUPATIONAL EXPOSURE

SOURCES ’ @—-——-—"'—_

A
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HUMAN EXPOSURE
& TOXICOKINETICS

-
L I
-

FOODCHAIN DYNAMICS & ECOTO DLOGY

adapted from Mackay (2001)
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Miljoriskbedémning av skogsgddsling med
pelleterat/granulerat avioppsslam -
syntetiska organiska amnen

Slutrapport
STEM P30686-1: 2007-2009

Mars 2010

Or Richard Lindberg, Kemiska Institutionen, Umed universitet
Professor Mats Tysklind, Kemiska Institutionen, Umed universitet

Docent Kenneth Sahlén, Inst f skogens ekologi och skétsel, SLU, Umes
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Figur 1. Halter av TCS i kontrollytor och handgddslade provytor.
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Figur 2. Totalhalt PBDE i kontrollytor och handgidslade provytor.

PBDE tot

14,3 ton kontrall 7.15tan 14,3 ton
TS/Ha T5/ha TS/Ha
Mineraljord

ng'gTs

- 8 B B B &

Tabell 3 Halter (i ng/q TS) av organishka &mnen i torket
granulerat slam.

FQ tot 6520 PCB7 a1

TCS 1173 PAH-L 13

EE2 1.4 PAH-M 788

PBDE tot 3 PAH-H 747
PAHM

ari Arz |ar1 &rz (a1 arz |1 arz |dr1 arz |ar1 arz

kontroll | 7,15tonm | 14,3ton | kontroll | 7,15ton | 14,3ton
Ts/ha T5/Ha T5'ha T5/Ha
Humus Mine aljord

ari ar2 |ari dr2 (&1 arz|dri arz|ary drz|ari &z

kontroll | 7,15tom kontroll | 7,15 ton

Ts/ha

Mineral jord

Figur 4. Totalhalt PAH-L, -M och -H i kontrollytor och handgiédslade provytor.
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TABLE 1. Data about Sites and Sampling

first — last
_ o year of tetal amount of N .
site and type of field in Sweden sludge dry sludge applied _ condition at time
(reference or applied with sludge) application {tonneshal date of sampling of sampling clay type
Petersborg, P April & 2000 plowed autumn 1993, light claya
P ref, referance 0 harrowed and sowed
P low, lower aludge dosage 1981—-1327 20
F high, higher sludge dosage  1981-1997 GO
lgelosa, | Aprnil 8, 2000 plowed auturmn 1233, meadium clays
| ref, reference ] not harrowed or sowed
| low, lower sludge dosage 1981—1327 20
| high, higher sludge dosage 19811927 GO
Lanna, L Apnil 3, 2000 before sowing alightly clayey
L ref, reference 0 aoils
L slu., sludge applied 1998 2.3
Bjarkstorp, B September 20, 2000 plowed grassland (B ref), naot clasaifiad
B ref, refarence ] clover cover (B slul
B slu., sludge applied 1878—1382 25
Homed, H September 20, 2000 not harvested, not classified
H ref, referance coverad with oat and clover

H aed, sediment overflow

* Adapted fram ref 7. Copyright 2002 Society of Environmental Toxicology and Chamistry, used by permizsion of Alliance Communications
Group, a division of Allen Press, Inc.
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Fig 1. Profiles of sums tetra-. penta-, hexa-, hepta-, and octachlori-
nated dibenzo-p-dioxins/dibenzofurans (-CCDs/CDFs) i sedl (pg'g
dry matter [DM]). Meanings of the designations for the sites are given
in Table 1: see Tahle 3 for definitions. TCCD = tetrachlorinated
dibenzo-p-dioxin; PeCDD = pentachlorinated dibenzo-p-dioxin.

M. Matzchelo et al.
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Fig. 2. Batios of concentrations of polybrominated diphenvlethers
(FEDEs). polychlorinated diphenyls (PCEs), polychlerinated diben-
zodioxins (PCDDs). and polychlorinated dibenzofurans (PCDFs) in
zoil with and without application of sludge. Meanings of the desig-
nations are listed in Table 1; see Table 3 for definitions. TCCD =
tetrachlonnated dibenzo-p-dioxin; PeCDD = pentachloninated diben-
zo-p-dioxin.

average 20 times higher concentrations than the soil further
away from the river Viskan.

Because of the high levels of PEDEs in the soil with sludge
from Bjorketorp and the low levels in the reference soils, the
concentration varies by a factor of approximately 400,000,
Mone of the soils from the research sites had concentrations
of PEDESs above 1 ng'g DM, whereas the lowest concentration
in Bjorketorp soil was 0.8 ng/g (for PBDE 28). All congeners
searched for were found 1n this soil

Concentrations of PCDD/Fs. PCBs. and PBEDEs
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FIGURE 2. Relationships between Log K, values and biota—soil
accumulation factors (BSAFs) for PCBs, PCDD/Fs (from ref 7}, and
PBDEs (from this study). Values are given as means + standard
error. The BDE congener numbers are given in the figure.
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FIGURE 1. Sludge-amended/flooded soil to reference soil (S/R) ratios for dry weight concentrations of single polybrominated diphenyl
. ether congeners. See Table 1 for site information. The ratio showing no difference (S/R = 1} is indicated as a darker horizontal line. Note
the different scales for  and g.

VOL. 38, NO. 23, 2005 [ ENVIROMMENTAL SCIENCE & TECHMOLOGY = 906G
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Fish threatened by exposure to tranquilliser
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vpharmed” fish? Anti-anxiety drugs may alter wild
fish behavior
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Something fishy going on... Antidepressants
contaminating rivers make perch antisocial
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Drug cocktails make shy fish fearless,
study reveals
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“Fiskplasmamodellen” (Hugget et al., 2003)

Ratio: Human terap. konc./
Fiskplasma konc.



Results BCF-studies — Effekt ratio

Levonogestrel:

— syntetisk
progesteron

— p-piller

— uppmatt vatten 12
resp 8,5 ng/L

— effekter fisk ca 1
ng/L

Levonorgestrel
Haloperidol 1
Risperidone 1
Cilazapril 1
Verapamil 1
Ketoprofen 1
Diltiazem A : %2
Meclozine I : g"
; !
Memantine ' : g
Sertraline ]
Diclofenac '
Tramadol !
Orphenadrine '
Ibuprofen J
Oxazepam I
Naproxen I
Carbamazepine . . I
le dl 1 ib 160 1600
Effect ratio

www.mistrapharma.se

Fick et al., 2010
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Slutsatser

e Sammansattning och fordelning mellan slam/vatten
generellt likartad hos alla ARV

— Oberoende av plats, storlek och anslutna verksamheter

e Oonskade amnen fran manga diffusa kallor snarare an
tydliga punktkallor

- Dock, forekomst av perfluorerade &mnen varierar mellan olika ARV
(Textilindustri kan paverka halter i slam)

- Dock, ARV med hogra andel hushallsavloppsvatten har hogre halter triclosan
(Hushallens produkter ar vikitiga for triklosan och andra amnen forekomst i slam)

e Tidsserieanalyser ar mojliga for slam och tidstrender kan
kopplas till anvandning i samhallet

e Stora kunskapsluckor om organiska amnens ode i
markmiljon
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