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have been realized. Duri 1946,
exhaustive scientific tests have shown
that, when properly wsed, DDT kills a
host of destructive insect pests, and is
a benefactor of all humanity.
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Bitman et al. Science 1970, 168(3931): 594
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Pfiklad — VODNI EKOSYSTEMY a antropogenni stres

Pozn: chemické latky jsou pouze jednim,
a doposud malo kvantifikovanym faktorem !

1 zména
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Dopady
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» Ztraty biodiversity
— 7?2 Kcemu je
rozmanitost dobra ?
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Iklad - zmény v biodiverzite

www. FytoPlankton.cz
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NATURE (2012)

482: 20
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Priklad - zmeény v biodiverzite
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Blooms of giant Nomura's jellyfish (N emopilema
nomural) have troubled Japanese fishing crews.

increase in the global population of jellyfish
— acatch-all term that covers some 2,000 spe-
cies of true cnidarian jellyfish, ctenophores
(or comb jellies) and other floating creatures
called tunicates. But many marine biologists
are now questioning the idea thatjdlyfish have
started to overrun the oceans.

This week, a group of researchers published
preliminary results from what will be the most
comprehensive review of jellyfish population
data’. Thev sav thatthereis not vet enouch evi-
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Ztraty biodiverzity A8y
* Naruseni ekosystémovych sluzeb
— Nevyrovnané vodni cykly
* Nedostatek vody

 Sucha/Zaplavy

— Naruseni kvality vody I
* Pitna voda
» Koupaci vody
» Toxické latky v potravnich retézcich

— Nedostatek potravy I
 Pfrimé-> ryby (EDCs, overfishing)
* Neprimé = vynosy na polich

— Ekonomické dopady
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NATURE (2005) 437: 880

Dragonfly
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Uginky na biotu = globalni dopady

Michani oceanu

- Ochlazovani atmosfeéry
[Nature 447, p.522, May 31, 2007]

Morsky zivot prispiva az 50% k
mechanické energii potrebneé k
promichani teplych vod z
povrchu do hlubsich vrstev
oceanl

[Dewar, Marine Res 64:541 (2006)]
[Katija a Dabiri, Nature 460:624 (2009)]
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CONSERVATION

Economic Importance of Bats
in Agriculture

Justin G. Boyles," Paul M. Cryan,? Gary F. McCracken,® Thomas H. Kunz'
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AV AAAS
Insectivorous bat populations, adversely
impacted by white-nose syndrome and wind
turbines, may be worth billions of dollars
to North American agriculture.

Boyles et al. (2011) Science 332 (60251) 41-42



A safe operating space for humanity
& the nine planetary boundaries

Rockstrom et al. 2009 (Ecology and Society 14(2): 32; Nature 461, 472-475)
' Climate change ;
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Untreated discharges

* Studium chemického znecisténi vod

-> zaméreni na zdroje
(vyssi koncentrace = stanovitelnost)

M GROUNDWATER &
RE(H'\R(?]E

i (o

Inemaond Ver o GROUNDWATER STORAGE 98 - vliv na rtizné elementy povodi

* Propojenost vodnich systémi

Wker Coopernsion v v , -
vCetné nadrzi
http://ga.water.usgs.gov/edu/watercycle-kids.html
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,,Ostatni chemikalie
EDCs, mikropolutanty,

: ~ep nové (“emerging”) polutanty
Degradovatelné , netoxické latky“

Organické zbytky, Legislativa REACH - registrace cca 10 000
nutrienty, Ziviny (N/P)
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Co je endokrinni disrupce (ED)?

naruseni hormonalni rovhovahy organismu s potencialnimi
negativhimi nasledky pro celkovou homeostazu,
reprodukcni, vyvojove a behavioralnich funkce

Co jsou endokrinni disruptory(EDCs)?

e Definice Evropské komise (1998):
Exogenni latky, které negativné ovliviuji zdravi organismu a
jejich potomstva narusenim jejich endokrinnich funkci

e Environmentalni latky, které pfimo nebo neprimo ovlivauji
hormonalni systém a mohou pusobit na nizkych
koncentracich



Mezi endokrinni disruptory patri

Pesticidy (herbicidy, insecticidy, ...)
Zmékcovace plastu

Rostlinné metabolity

Farmaceutika (antikoncepce, léky,...)
Detergenty

Chemikalie z vareni & horeni
Antibiotika

Kovy




Schéma hormonalnich regulaci v organismu

p HYPOTALAMUS

liberiny, statiny

ADENOHYPOFYZA
kortikotropin tyrotropin folitropin lutotropin somatotropin prolaktin

TSH[—| (FSH LH) STH PR

i i Wééné Zlaza

pre—

Vajeeniky
Glukokortikoldy | iodtyronin-T3

Mineralokortikoidy

Androgeny
(muzZské pohlavni
hormony)
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Kura nadledvin

Somatomediny

Estrogeny
Gestageny (progesteron)

Testosteron

S ZPETNA VAZBA
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Jak EDC funguiji ?

Mechanismi EDC je mnoho (nékteré zlstavaji neznamé)

Co zndme ? ZEJMENA pUGsobeni na

»Nuklearni (jaderné) receptory” Apolipoprateins
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> STEROIDNi HORMONY (ER, AR, GR..) Qéjﬁ
» Estrogeny, androgeny HO
» Glukokortikoidy, mineralokortikoidy he oH.  CHs s

» THYROIDNI HORMONY (ThR) W

> Rizeni rastu

> RETINOIDY (RAR/RXR) OOO‘ OO‘O‘
» Vlyvoj, embryogeneze, vidéni ... sensialantvacen  Benzofalpyren
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Projevy u vodnich obratlovcu

e Hemi- a minipenis
u aligatoru na Floridé,
Jezero Apopka —
zpusobeno unikem DDT

e Feminizace samecu ryb (ovotestes) v povrchovych vodach
znecisténych odpadnimi vodami v severni Americe a v Evrope

e Maskulinizace
samic kapra

e Maskulinizace samic strevle potoéni
v tocich pod farmami zZivocisné vyroby




Projevy ED u bezobratlych (mlzi) [eaiegesss

Prvni priukaz ED v historii
- imposex u morskych plzu

* vyvoj samcich pohl. organu u samic

* pUsobeni alkyl-sloucenin cinu (tributyl-cin)
* natéry na lodich proti rlstu bioty
(,,antifouling agent”)

Se8 Research (NIOZ)

SBTs*Mean imposex index
in Buccinum undatum
0E000
2 5
x 05000
2 04000
% (03000 # Seties
[17]
2 02000 + 4
£ 010 N
0.0000 +—ame— . .
0 5 10 15 | Figure 5. Relationship of Imposex index
[ET] and total organotins in Buccinum

undatum.
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Projevy mtersexu u korysu

Blesivec potocni
(Gammarus fossarum)

Intersex u prirodni populace
raka bahenniho (Pontastacus
leptodactylus)

Ostrava-Karvina o
- Zatopené poklesoveé plochy L
- Reflotace

- Chranény druh




~ Lidské hormony:
estrogeny v antikoncepcnich pripravcich
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Kidd, K.A. etal. 2007. Collapse of a fish population following
exposure to a synthetic estrogen. Proceedings of the National
Academy of Sciences 104(21):8897-8901
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Dusledky endokrinni disrupce

Dusledky poruseni procest rizenych hormony
- Naruseni vyvoje a sexualni diferenciace (estrogeny, androgeny)
- Poruchy rozmnozovani (estrogeny, androgeny)
- Teratogenita (estrogeny, androgeny, thyroidy)
- Poruchy v metabolismu (kortikoidy, thyroidy)
- Imunotoxicita (estrogeny, thyroidy, dioxinové latky)

- Alergizace

©)
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Rizika EDC pro lidi ?

»Poruchy vyvoje pohl. orgdnt a kvality gamet - zejména u muzu
»Asistovana reprodukce IVF

A/yssi incidence hormonalné zavislych nadort (CA prsu, prostaty)
»Neurologické poruchy (ADHD) u déti

»Autoimunitni choroby (Crohnova choroba apod.)

_Endocrine

Disrupting

2 G| Chemicals

Gl ., 2012
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©)




Které koncentrace jsou bezpecné ?
PNEC — Predicted NO EFFECT concentration
—> vyuziti: zaklad pro odvozeni limitu (EQS)

In vivo derived PNECs 123

PNECE, 6 ng/L
PNEC,, 2 ng/L
PNEC.; 60 ng/L
PNEC., 0.1ng/L

L Caldwell et al. 2012 Environ. Toxicol. Chem. 31(6):1396-406
2 UK Environment Agency, Technical Report, Young et al. 2004
3 Holbech et al. 2006 Comp Biochem. Physiol. C Toxicol. Pharmacol. 144(1):57-66
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Moznosti analyzy , koktejlu“ chemikalii

Cilena analyza vybranych Anal{/za ucinkd (“estrogenita”l)
“prioritnich” latek

Biodetekcni nastroje

Xenoestrogen (
or estrogen

vV
~ v

v [k
NUCLEUS J\

Nuclear Factors |

DNA Binding —» mRNA

CYTOSOL

/ ER-Responsive Genes
\ “Estrogenic Effects” j

Luciferase

T
25 e 1]
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Pan-Evropské kampané — 2009-2012

1) Koordinace JRC Ispra, IT

2) “Snap-shot” vzorkovani,
3 standardizované postupy, QA/QC

. 3) Distribuce do laboratori
SVl ; ; R (IT, AT, DE, NL, SE, CZ)

4 B AR 4) Analyzy
N\ M s AN O - Chemickeé latky (> 200)
S OISR TR - Biologické Géinky — RECETOX
. ¥y . (estrogenita, dioxinova
L : aktivita)

W
VZORKY - prehled

- Podzemni vody: 164 vzorki/24 zemi
- Odpadni vody: 90 vzorkl/18 zemi
i - Kaly COV: 106 vzorkii/30 zemi

v prostredi
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v 4

Podzemni vody (N=164) — nejcetnéjsi latky

DEET (84%; 454 ng/L), Bisphenol A (40%; 2.3 ug/L),
Caffeine (83%; 189 ng/L), PFHXS (35%; 19 ng/L),

PFOA (66%; 39 ng/L), Terbutylazine (34%; 716 ng/L),
Atrazine (56%; 253 ng/L), Bentazone (32%; 11 ug/L),
Desethylatrazine (55%; 487 ng/L), Propazine (32%; 25 ng/L),
1H-Benzotriazole (53%; 1032 ng/L), PFHpA (30%; 21 ng/L),
Methylbenzotriazole (52%; 516 ng/L), 2,4-Dinitrophenol (29%; 122 ng/L),
Desethylterbutylazine (49%; 266 ng/L), Diuron (29%; 279 ng/L),

PFOS (48%, 135 ng/L), Sulfamethoxazole (24%; 38 ng/L).

Simazine (43%; 127 ng/L),
Carbamazepine (42%; 390 ng/L),

Nonylphenoxy acetic acid (NPE1C) MAXIMA
(42%; 11 ug/L), N,NO-Dimethylsulfamid (DMS) (52 ug/L),
Chloridazon-desphenyl (13 ug/L),
NPE1C a Bentazone (11 ug/L),
Loos et al. (2010) Water Research Nonylphenol (38 ug/L),
(@) tonicigen it Bisphenol A (2.3 ug/L)

v prostredi




Podzemni vody (N=164) — nejcetnéjsi latky

CH3

DEET

(N,N-diethyl-m-toluamide)

N Benzotriazol
H  (antikorozivum)



Podzemni vody (koncentrace > 0.1 ug/L), N=164
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FULL REPORT: Loos, R., et al. (2012) EU Wide Monitoring Survey on Waste Water Treatment Plant Effluents. European Commission -
Joint Research Centre, 138 pp. JRC Scientific and Policy Reports (EUR 25563 EN / ISBN 978-92-79-26784-0 / d0i:10.2788/60663).

Maximum Concentrations (microg/l)

25,0

Max > 10 ug/L:N=8

20,0 A

10,0 -

50 -

0,0 -
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FULL REPORT: Loos, R., et al. (2012) EU Wide Monitoring Survey on Waste Water Treatment Plant Effluents. European Commission -
Joint Research Centre, 138 pp. JRC Scientific and Policy Reports (EUR 25563 EN / ISBN 978-92-79-26784-0 / d0i:10.2788/60663).

Concentration (ng/l)
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Zhasec horeni

1H-Benzotriazole NN

Methylbenzotriazole [N
Sucralose
Carbamazepine .

TCPp ——




Odpadni vody —antibiotika (N=30, 12 zemi, analyza 18 ATBSs)

Sarvaes et al., Water Research, under review

Penicillin v/ Clindamycin Lincomycin Tiamuline Sulfamethoxazole | Trimethoprim Ciprofloxacin Levamisole
Spain 97 10 <15 <20 200 75 SE 77
Spain BE 79 <15 25 < 20 a7 270 150
Spain 120 150 28 < 20 1200 800 150 < 15
Slovenia 100 15 < 15 < 20 630 720 240 52
Czech Republic G5 53 < 15 < 20 300 440 55 < 15
Czech Republic 100 130 <15 < 20 170 310 58 <15
Czech Republic 55 130 53 < 20 340 380 85 < 15
Czech Republic 79 BG 21 < 20 430 240 &0 110
Czech Republic < 50 53 320 < 20 1700 | 230 74 < 15
Czech Republic < 50 130 200 < 20 a7 25 SE <15
Czech Republic < 50 210 < 15 < 20 620 550 &l < 15
Austria < 50 130 100 < 20 110 180 100 <15
Austria < 50 280 < 15 < 20 &0 180 120 < 15
Austria < 50 150 22 < 20 31 210 120 <15
The Metherlands < 50 g1 < 15 < 20 560 210 71 200
The Netherlands < 50 110 18 < 20 200 200 77 340
Ireland < 50 37 < 15 < 20 o6 560 120 15
Ireland < 50 39 <15 < 20 Bl 440 220 57
Lithuania < 50 17 17 < 20 390 150 g1 <15
Lithuania < 50 26 130 < 20 230 140 B7 <15
Lithuania < 50 < 10 <15 < 20 180 120 45 42
Italy 59 17 28 24 100 7B 5o <15
Cyprus < 50 < 10 < 15 44 < 20 < 10 62 24
Cyprus < 50 < 10 < 15 < 20 160 37 52 < 15
Switzerland 62 130 < 15 < 20 450 310 200 110
France < 50 < 15 < 50 - < 20 11 < 15 < 15
France < 50 < 15 < 50 < 20 < 10 < 15 < 15
Framce < 50 <15 < 50 32 24 <15 <15
Portugal < 50 <15 < 50 120 100 120 <15
Portugal < 50 <15 < 50 -- < 20 59 BB <15
Freq. (%) 33 73 37 10 g3 83 o0 37
Pverage (ngfL) 25 70 31 3.3 280 225 SE 41
Median [ng/L) 0.0 45 0.0 0.0 164 178 g2 0.0

—:notdetermined




« \edecke studie ... ,curiosity driven’

— Mnoho latek, koktejly ... kdo-co-umi

* Legislativa — Evropska ramcova
smernice o vode (WFD)

— Prioritni latky (30) a jejich limity (EQS —

Environmental Quality Standards)

— Zahrnuji 3x endokrinni disruptory

©)

(estrogeny)
« nonylfenol = 0.3 ug/L (Annual Average)
 estradiol = 0.4 ng/L (Annual Average)
« ethinylestradiol = 0.035 ng/L (Annual
Average)
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Uvod |

Xenobiotika — napr. farmaka, pesticidy, latky denni
potreby (kosmetika, detergenty...), rizna aditiva v
pramyslu

COV - dosud vétsina xenobiotik nemusi byt

odstranéna, ale ukazuji se jejich negativni dopady na
vodni organismy

Prioritni polutanty — seznam EU (WFD),
je doplnovan o nové latky, povinnost
snizovat hladiny xenobiotik v rekach

Centrum pro vyzkum
toxickych latek
v prostredi
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Uvod I

Riznd ucinnost degradace xenobiotik jak mezi jednotlivymi metodami, tak pro tutéz
metodu ale rlizné latky.
Priklad: Tabulka ucinnosti degradace vybranych xenobiotik ze skupiny farmak:

Biol. Koagu- Zmék-
stupen, lace / covani
akrivn  aktivni O,/ Cl, / floku-  / oxidy
i uhli uhli AOPs uv CIO, lace kovi NF RO
méné nez méné nez
g = . 40 - 20 - nad 20% - méné nez 20% -
Antibiotika 90% nad 90% 90% 40 - 90% 90% 20% - 40% 40% nad 90%  nad 90%
méné nez
. . 70 - nad 70 - nad 20 - nad méné nez méné nez 20% - 70 - nad
Antidepresiva 90% 90% 90% 40-90%  20%-70%  20% - 40% 40% 90%  nad 90%
Protizanétlivé méné nez
, nad 70 - nad méné nez méné nez 20% - 70 - nad
Iatky 90% 90% nad 90%  nad 90%  20% -70% 20% 40% 90% nad 90%
Reg ulato ry méné nez
o nad méné nez méné nez 20% - 70 - nad
tuku 90% nad 90%  nad 90%  40-90%  20% -70% 20% 40% 90% nad 90%
PsyCh iatricka 70 - méné nez méné nez
y v nad 70 - nad 20 - nad 20% - méné nez 20% - 70 - nad
|éCiva 90% 90% 90% 40 - 90% 70% 20% - 40% 40% 90% nad 90%

Pievzato z: Snyder, S.A., et al., Pharmaceuticals, personal care products, and endocrine disruptors in
water: Implications for the water industry. Environmental Engineering Science, 2003. 20(5): p. 449-469.
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 Velké mnozstvi xenobiotik !

e Zvolit a chemickymi metodami monitorovat vybrané zastupce je
narocné a nakladné (i nizké koncentrace (ng/l) jsou nékdy uéinné)

Ve

e Latky pusobi ve smésich (napt. aditivni G¢inky estrogent a PAHs)

> Proto biologické a biochemické testy

© Celkovy uéinek smési

© Nizsi naklady

© Kazdy test jen nékteré ucinky (napt. umrtnost bunék nebo genotoxicita)
© Moznost uplatnit baterii testu

® Obtizna standardizovatelnost pro rutinni vyuziti

® Nutnost zkuseného personalu, pracnost

©)
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Hodnoceni EDCs — in vitro tkafové kultury

Metody — Test s tkanovou kulturou MVLN
* Geneticky upravené bunky lidského karcinom prsu

Estrogen
nebo xenoestrogen

“., VazhanaDNA —»mRNA .~
CYTOSOL ““u._ /[ L
------------ ,r"-

/ Luciferaza + /
» Estrogenni afinek® «——— Exprese geni pod
kontrolou ER

Vysledek — EEQ: Ekvivalent
Estradiolu (ng/L)

Centrum pro vyzkum
toxickych latek
v prostredi
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Metody — Lokality a odbér vzorku

 V3ech 7 COV mechanicko-biologické s aktivaénimi nadrzemi a
nitrifikaci (nékteré i denitrifikaci)

 RUzna velikost COV a razny ptivod odpadnich vod:
— 2 COV méné nez 5000 EO, jen splasky
— 2 €OV 10 000 - 100 000 EO, splasky + destové vody
— 3 COV nad 100 000 EO, splasky + déstové + primyslové vody
e 24h smésné vzorky na pritoku a odtoku (bez ohledu k
prutoku)

* Fiktrace, Extrakce tuhou fazi

Centrum pro vyzkum
toxickych latek
v prostredi
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PRIKLAD VYUZITi BIOTESTU - P¥ipadova studie:

Estrogeny v odpadnich vodéch na 7 COV

Vysledky: P¥itok 25,14 aZ 63,27 EEQ ng/|
Odtok: <0,5 do 2,02 ng/I
Odstranéni 92 — vice nez 98 %

EEQ ng/l

70
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B PRITOK
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o p i o
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. . 7 # Z -
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cov cov cov cov cov cov cov
1 2 3 4 5 6 7
COV piijimajici jen COV piijimajici  |COV pfijimajici splasky a destové
splasky splasky a destove i primyslové vody
vody

P

................... b
koncentrace

redikovana
azpecna
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PRIKLAD VYUZITI BIOTESTU — Pfipadova studie:
Estrogeny v odpadnich vodéch na 7 COV

Zavér studie: (,Tyhle COV to nebyly*)

Které zdroje mohou byt zodpovédné za negativni ucinky na rybach ?
- Nedostatek COV ?
- Nedostateéna kapacita COV ?

- Kolikrat byva odpadni voda nafedéna, kdyz pfi destovych udalostech protéka do rek bez ¢isténi ?
- Kolik ji asi mlze protéct ?

- Jaka je ucinnost odstranéni estrogent na jinych typech COV ?

= =

-~

2 . .-:‘ ay o -
- &_ T e, = % ~
_ . r

N
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P¥ikladova studie — COV Brno

Cistirna odpadnich vod Brno - Modfice
- rocni studie (vstup/vystup; May 2007 — April 2008)
- kompozitni vzorky (24h), kazdy mésic - 12 obdobi
- priprava pro testovani (SPE a analyza ucinka)




Estrogenita na COV Brno Modfice (2007-8)

>Vtok na COV 5 - 147 ng EEQ/L (rozmezi 30x)
Odtok COV: 0.1 - 4 ng EEQ/L (rozmezi 40x)

>Uc&innost ¢isténi 81 az >98% .... ale uvolfiovany jsou stéle ,,i¢inné“ koncentrace

@ Influent m Effluent

175
150 -
125

—

o

o
|

ng EEQ /L
~
o
|
|

N
&)
|

O H T T H T T T
A& A
Q Q

§\\Q»;\ 5\)00 5\>\*\ & & & &

Centrum pro vyzkum Jarosova et al. (2012) Environ International

toxickych latek Jdlova et al (2103) Environ International
v prostredi
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Ptikladova studie 2 — Mala sidla / COV

> Ri¢ni voda nad a pod COV (obce 4000 az 13000 obyvatel)
» Mensi vodni toky nezatizené dalSimi vétSimi zdroji zneciSténi
» Vzorkovani — pasivni vzorkovace POCIS (21 dni)

Cvikov

Jilemnice

Kraliky

Vimperk
Volary
5 Prachatice

z—-v

J



Ptikladova studie 2 — Mala sidla / COV
ESTROGENITA

»Detekce estrogenity 0,06

ng az 4,50 ng EEQ/POCIS
O POCIS Pest B POCIS Pharm
w 5 ]

>V fekach pod COV vice
estrogenni vzorky ve vSech 8 47
pripadech O 3

o

h 27
>Cvikov a Prachatice g 4. I |_h
nejvyssi estrogenni i I
potencial 0 - | — I_Lﬂ a— l—.

Xenoestrogenni aktivita
POCIS Pest a POCIS Pharm



Odpadni vody — estrogenni aktivita (N=75, 18 zemi)

Jarosova et al. Environ Science Pollut Res 2014

EEQ; N=27 > LOD (0,5 ng /L),

Dioxinové efekty N=21 /25 > 0.1 ng TEQ /L - m

Median - 1,2 ng EEQ /L, Max - 18 ng EEQ /L

éné vyznamné hladiny: max 0.44 ng/L, median 0.15 ng/L
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10,00- 100,000 <10,000
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Estrogenni (EEQ) a Androgenni (AEQ) latky v COV

EEQ AEQ

Vzorek (ng/l) (ng/1) Stat Reference
Pritok 0,6-153 Holandsko [10]
CoVv 8,2-75 Holandsko 11
20-310 Svedsko [12]
7,3-81 Novy Zeland | 7]
0,6-5,2 JTaponsko [13]
<NSM-169| Holandsko 14
Odtok 0,05-2,6 Holandsko [10]
Cov 1,7-3. Holandsko [11]
<NSM-160 Svedsko 12
<NSM Holandsko 14
Novy Zeland | 7]
34-635 | Velka Britanie [15]
Japonsko [13]

NSM - nejmzsi stanovitelne mnozstvi latelk




Prikladova studie 3 — Specifické efekty vzduchu

Aktivni vzorkovani (léto)
castice vs. plynna faze

* Referencni lokalita — zemédélska
oblast (observator KosSetice)
 Region A —chemicky prumysl @& e > e

(OCPs, Stredogesky kraj) W e T e
 Region B — vyroba barev, Rt

zemedeélstvi, doprava

(Uherskohradist'sko)

Novak et al. (2009) Environment International

©)
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Chemické 1000
analyzy & 100
=
mg 10
= 1
0.1
PCBs E particle phase
7 B gas phase

ng/m°log1o

0.1 -
0.01 - I‘
0.001 o

1_

PAHSs

B particle phase
M gas phase

RER 1|2 3|4 |5|6(1|212141K1A
A OCPs
E particle phase

M gas phase

a8

RER1|2|3|4|5|6|1(2|3[4|5|6
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Dioxinova toxicita vzduchu

dioxin-like toxicity

100 - E particle phase
E E gas phase
= 10 A
£
g
o 1-
L

0.1 -

REF 11213
A

ééstice (vyssi aktivity) i plynna faze

Centrum pro vyzkum
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Antiandrogenita vzduchu

antiandrogenicity

[ particle phase

’SOZ);LOOO ) B gas phase

EglOO—

E 10-

=]

mrolLrnl

O

s 0.1
REF1‘2‘3‘4‘5‘6 1‘2‘3‘4‘5‘6

A B

Podobné kvantitativni efekty ALE rozdily mezi regiony
A — také na casticich / B — jen plynna faze
©)
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Zaver

Biologické a biochemické metody predstavuji
alternativu k chemickych analyzam.

Mohou byt podstatné méne nakladné
a mnohdy maji lepsi vypovedni hodnotu z
hlediska ucinku na vodni organismy, protoze
zohlednuiji interakce latek ve smesich.

C rum pro vyzkum
kyhl tek
redi
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Vyuziti biologickych nastroju — pfiklady

Centrum pro vyzkum
toxickych latek
v prostredi
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http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg

Redlny problém EDCs v CR

Rak bahenni
Pontastacus leptodactylus

Nadrz Pilnok
e Region Ostrava-Karvina
INTERSEX

Samice s muzskymi gonopody?

GERMANY POLAND

Prague

CZECH REPUBLIC
Brno

SLOVAK
REPUBLIC

Centrum pro vyzkum
toxickych latek
v prostredi
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Integrované hodnoceni

Sedimenty

 Pilnok

- Referencni lokality
Karvina, Steinlach (Nemecko)

Extrakce

{ yvitro

7 \Im

ucinky

In vivo ucCinky

Centrum pro vyzkum Blaha et al. (2006) Environment International

toxickych latek Mazurova et al. (2008) Aquatic Toxicology
v prostredi Mazurova et al. (2010) Journal of Soils and Sediments
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Pilnok (sedimenty i extrakty)
stimuluji produkci embryi

—
/)]
s
&
S5'%
£ € o401 75% Pilnok 75% Pilnok
w S8
3. | .
o
z O | | | | | | |
1 2 3 4 5 6 7 8
week
Centrum pro vy - -O-- Pilnok-Sediment —@— Pilnok-Extrakt

toxickych latek
v prostredi
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Sledovani estrogenu

v odpadnich vodach

S vyuzitim transgennich
zebricek D. rerio

(GFP Green Fluorescein

Protein pod kontrolou
estrogennich promotort v mozku)

i 14 ¢
3 12 }
3 2 10} T
@ 40- o
g 2ET 8 +
S N c o
S o8 6T
2 201 Ea3 47T
k- olc 2t
2 25% 0l
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Concentration EE2 (ng/L) (&) D
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Figure 3: Intensity of GFP fluorescence in tg(cyp19alb-GFP) embryos
exposed to 5-times concentrated estrogenic sample WWTP No. 6 in
three independent experiments (A, B, C)

304
Q
(&)
o .
0 o
g 20- ®e
o]
- s
= o0 ®
2 10 o
© _%ee® °
() ®
(14 o :. " @ .
e - o
o \s N4 )

Centrum pro vyzkum
toxickych latek
v prostredi

©)




Induction of cyp19 in zebrafish embryos determined by quantitative PCR in
two effluents (WWTP No. 2 and No. 3) with and without external additions of
ethinylestradiol (EE2; 13.9 ng/L). Comparison with the effects induced by two
concentrations of EE2 alone is provided.
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Indukce estrogenity po pusobeni vzorku sinic

CYP19 (ER-responsive) gene expression

Current experiments In zebrafish embryos
(cooperation UFZ Leipzig)

CYP19-gfp ZF
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‘c
2
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©
<
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=
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Z
x
S
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o
o
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@) 0 .

Control EE2 (positive) A. gracile M. aeruginosa P.subspicata
Centrum pro vyzkum (alga)
( ) toxickych latek

v prostredi



Identifikace endokrinni disrupce in vivo - biomarkery

Nejlépe prozkoumany biomarker estrogenity u vejcorodych obratlovcU
(zejména ryby)

VITELOGENIN (Vtg)
- prekurzor vajecného zloutku,
- syntéza v jatrech je indukovana pritomnosti estrogent
(aktivace estrogenniho receptoru)
- normalni produkce u samic pred parenim

I U samcu pfitomnost - ﬁ;‘w&ﬁ?
estrogennich receptoru Cosaisis?
- prikaz Vtg u samct (!)
= feminizace

Centrum pro vyzkum
toxickych latek
v prostredi

Cerminal
vesicle
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Moderni pristupy experimentalni ekotoxikologie
— In vitro modely

— Biomarkery a ,MOA" (mode-of-action / omics)
techniky

Modely v ekotoxikologii
— AOP / PBPK / TOXCAST

,Nové“problémy v ekotoxikologii
— Nanocastice

Novinky a zajimavosti

Centrum pro vyzkum
toxickych latek
v prostredi
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Vyzkum mechanismu toxicity
In vitro modely a biotesty

« ZjiStovani ucinku (Biologie, Toxikologie a Ekotoxikologie) -
existuje velké mnozstvi modelu

« Uginky na celych organismech
— Standardni biotesty in vivo: legislativa
— ,Nestandardni® biotesty in vivo: experimentalni vyzkumna prace

Pochopeni a identifikace specifickych mechanismu pusobeni
— In vitro modely: Organove / Tkanové / Bunecné
— Vyhody

» Mechanistické porozuméni

« Setfeni experimentalnich zvitat
(etické principy ,3R")

— Nevyhody

» ,Jen”in vitro, chybi komplex a interakce v organismu ;

Centrum pro vyzkum
toxickych latek
v prostredi
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Vyzkumy mechanismu toxicity
In vitro modely a biotesty

Prace s in vitro Sterilni prace s
kulturami modely in vitro
(kultivacni / expozicni

nadoby a média)

©)

Centrum pro vyzkum
toxickych latek
v prostredi




Pocty obratlovcu pouzivanych pro hodnoceni
chemickych latek v Evropé

8.7 %: Toxicology

50 %: Regulatory
testing
12 million

animals

\

15 %: Fish, birds,
amphibians
~ 80 000 animals

Commission of the European Communities, 2010

©).:
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In vitro modely v ekotoxikologii 1 — rybi bunky

* Rybi bunky in vitro
Relativhé snadna izolace bunék a udrzovani v kulture (na rozdil od
savcich primarnich linii se rybi bunky in vitro chovaji jako
imortalizované)
Priklady linii
« RTL-W1 (Rainbow Trout Liver - W1)
» RTgill (Rainbow Trout Gill)
— VyuZziti napf. pro testovani akutni toxicity (snaha o nahrazeni testu
IN Vvivo)
» podobna citlivost s in vivo modely - validace / standardizace

w“ﬂ s 4 - ~ Whole organism



Reporterové testy
analyza ucinku zavislych na jadernych receptorech

« Specificky vytvorené bunecne linie
« Puvodné odvozené z lidskych, potkanich, rybich Ci jinych tkani
« Nasledna uprava (,GMQO)
— stabilni transfekce specifickymi geny, které se v bunkach normalne
nevyskytuji
— Luciferaza (ze svétlusky), Beta-galaktosidaza

— Vlozeni do DNA v mistech, ktera jsou kontrolovana pfislusnym
receptorem (AhR, ER...)

* Princip — viz obrazek
— Meéreni svétla z luciferazy ~ mnozstvi dioxinové aktivnich latek

* Nékdy oznacované ,CALUX" (Chemical Assissted Luciferase
Expression)

— jde o komercni nazev nekterych bunék, ale v mnoha laboratorich
(vCetné RECETOX) se uzivaji principialne stejné ,nekomercni*
bunky (napf. H4lIE.luc / MVLD / MDAKDb2)

Centrum pro vyzkum
toxickych latek
v prostredi
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Stanoveni toxicit zavislych na intracelularnich receptorech




Techniky , OMICS*

C rum pro vyzkum
kyhl tek
redi
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Urovné pusobeni latek v burice / organismu

Translation

Centrum pro vyzkum
toxickych latek
v prostredi
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,Omiky“ —mechanistické zmeny

* Meéreni na jednotlivych urovnich

— Geny — genomika: variabilita mezi jednotlivci,
populacemi, druhy / vznik mutaci atd.

— MRNA — transkripce / transkriptomika — urovne
exprese jednotlivych genu

— Proteiny — proteomika - hladiny jednotlivych proteinu
— Produkty proteint / metabolity — metabolomika
—>Vysledny fenotyp (viditelny projev / zmena)

—->Napf. porucha rozmnozovani / smrt

Sadlli o3
AR
E:)E E:)’ ’:>°1:,°f;

Centrum pro vyzkum
toxickych latek

v prostredi Transcriptome Proteome Metabolome
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« Generovani velkych mnozstvi udaju (dat) z jednotlivych experimentu
« Soucasné sledovani:

— Hladiny mRNA - exprese az desitek-tisic genu

— Proteiny — sledovani tisicu proteinu

— Metabolity — tisice metabolitl
« Moderni techniky molekularni biologie a hmotnostni spektrometrie

— Velky rozvoj v poslednich 10 letech

— Postupné ,zleviiovani® - vétsi dostupnost

Global

Targeted

Centrum pro vyzkui
toxickych latek
v prostredi

©)




Priklad - microarrays

Exponované vs. Kontrolni ;) 01ace mrnA

PIepare CDNAPIObE prepareMicroarray reverzni transkripce (RT) do cDNA

2) ,,Obarveni*
(rdzné barvy Kontrola vs. Exponovana)

3) Smichani Exp + Kontrola
(stejné celkové koncentrace)

4) Hybridizace na ,,microarray“
(parovani nukleotidt - tisice predpripravenych
cilovych DNA na jednom array)

5) Scanovani - vysledna barva:
analyza relativni exprese (? Které je vice ?)
Zelena = vice ,normal*

-> snizeni exprese u exponovanych
Cervena = vice »exponovana“
Zluta = zadna zména

Centrum pro vyzkum
toxickych latek
v prostredi
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) Experimentalni varianty
VySIQdek K clc2c3c4ch

,Heat map*“
Zmeny exprese
Rlznych genu

AP2 domain transcription factor

- ethylene-responsive transcriptional coactivator-like

NADH flavin oxidoreductase_12-oxophytodienoate reductase
. 12-oxophytodiencate reductase 3

dehydration responsive element binding protein 1

expansin

' 14-3-3 protein

alpha-expansin precursor

- Naroc¢né SWI2/SNF2-like protein

statistické  histone H3
> . leucoanthocyanidin reductase
Zpracovani protein kinase PCTAIRE and related kinases 1

transcription factor DREBIII-1

protein kinase PCTAIRE and related kinases 2
Atdg39470

auxin-responsive protein / auxin-induced protein
NADH ubiquinone oxidoreductase, NDUFS4_18 kDa subunit
F-box protein ORE9 (MAX2)

AML1

phytochrome A

serpin-like

ICE1

dehydration responsive element binding protein
chromosome condensation (RCC1) family protein
cold-induced group 3 LEA

EARLY flowering 4 protein

Centrum pro vyzkum beta-amy’a“

toxickych latek
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Moderni vypocetni toxikologie
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Adverse outcome pathways

Viz také drive v prednaskach:
Dokazeme z koncentrace latky v prostredi predpovédét (matematicky) ucinky ?

Zakladem je dokonalé porozumeéni
1) toxikokinetice (modely PBPK - viz dale) a 2) nasledné mechanismim (dynamika)

Adverse Outcome Pathway
o
Y i N
- Toxcant . Toxcant | |
concentration —H{ interaction [ é:ell::f;e '
attarget withtarget | | P
Toxicokinetics Toxicodynamics
{incl. PBPK)
Damage accrual,
Uptake, Damage recovery,
Biotransformation, Energy allocation,
Distribution, Thresholds,
Elimination Links to effects at next higher level
(‘// | v pMIvaUTW




PBPK modely

PBPK (PBTK)
Physiologically based pharmacokinetic (toxicokinetic) models

©)
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v jednotlivych tkanich



Li et al. BMC Systems Biology 2011, 5:63
http://www.biomedcentral.com/1752-0509/5/63

BMC
Systems Biology

RESEARCH ARTICLE Open Access

A computational model of the hypothalamic -
pituitary - gonadal axis in female fathead
minnows (Pimephales promelas) exposed to
17a-ethynylestradiol and 17p3-trenbolone

Zhenhong Li', Kevin J Kroll?, Kathleen M Jensen?, Daniel L Villeneuve®, Gerald T Ankley?®, Jayne V Brian,
Marfa S Septilveda®, Edward F Orlando®, James M Lazorchak?, Mitchell Kostich”, Brandon Amstrong®,
Nancy D Denslow” and Karen H Watanabe'
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Li (2011) BMC Systems Biology

EE2 — toxikant
ER, AR atd. — receptory

VTG - vitellogenin
(marker toxicity)

azda Sipka:
\ astni diferencialni

0\\ ICG

W

Koncepcni mogdel
>zooM
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Li (2011) BMC Systems Biology
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Figure 6 Comparison of model predictions with measured data
in female FHMs exposed to EE,. n = 28 at each sampling time.
White boxes represent model predictions, and grey boxes represent
measured data [42]. The x-axis represents EE, concentrations in ng/
L. The solid line within the box marks the median; the boundary of
the box farthest from zero indicates the 75™ percentile; the
boundary of the box closest to zero indicates the 25" percentile;
the whisker (error bar) farthest from zero marks the 90™ percentile;
whisker (error bar) closest to zero marks the 10 percentile; the
circle farthest from zero marks the 95™ percentile; and the circle
closest to zero marks the 5™ percentile.

Vysledek:

Srovnani
MODEL vs. MERENI
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ToxCast™

Screening Chemicals to Predict Toxicity Faster and Better

EPA launched ToxCast™ in 2007 to develop ways to predict potential toxicity
of chemicals and to develop a cost-effective approach for prioritizing the
thousands of chemicals that need toxicity testing. ToxCast™ uses advanced
science tools to help understand how human body processes are impacted

by exposures to chemicals and helps determine which exposures are most
likely to lead to adverse health effects.

Using ToxCast to Prioritize Chemicals

Helping to prioritize chemicals for:

Towicity Refarence Databasa/ToxRefD8  Exposure Forecaster Database/ExpoCastiDB TouCast
® EPA's Endocrine Disruption Screening Program by prioritizing chemicals for (30 years'S2 bilcn of animal tests) R PR

the Tier 1 screening battery que. 880 chemicals are being evaluated in +
approximately 50 endocrine related HTS assays. Long term goal is for
ToxCast to eventually replace part or all of the current EDSP Tier 1
Screening Battery.

® Chemicals EPA regulates under the Toxic Substance Control Act (TSCA) by
working towards using ToxCast to inform requests for further testing data
on High Production Volume industrial chemicals.

BiorformatcsMachine Leaming

Human Dessasg Oulcome

e EPA's future drinking water contaminant lists, (Candidate Contaminant List How ToxCast Fits Into CompTox Research
or CCL) by helping pricritize which chemicals on existing contaminant lists
should be tested first, will recommend what types of toxicity testing should ToxCast Resources
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Nano-eko-toxikologie
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v prostredi



NANOCASTICE

+ ,NANO" — relativné nova oblast, rada praktickych vyuziti

e ALE: unikatni vlastnosti

— Vlastnosti nanocastic (v€etné toxicity) nelze odvodit z vlastnosti
castic z téhoz materialu o vétsich rozmerech a ani z vlastnosti
chemikalie, ze které je material tvoren

« Definice
— Nanocastice (nanoparticles): alespon jeden rozmér <100 nm
— Nanocastice prirodniho puvodu - ,ultrafine particles® pfitomné

v prirodnich aerosolech nebo jako vedlejSi produkt lidske
cinnosti (prach, dym, kour apod.)

— Vyrabéné nanomaterialy (manufactured, engineered NM)

— Nanoaerosoly: aerosoly jednotlivych volnych nanocCastic nebo

nanostrukturnich ¢astic (= aglomeratu nanocastic nebo
nanovlaken) — pfirodniho puvodu nebo vyrabéenych

Centrum pro vyzkum
toxickych latek
v prostredi
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Zakladni charakteristiky vyrabenych NM

e tvar a struktura castic

— Kulovité nebo nepravidelné castice,
trubicky,vlakna, destiCky

— Homogenni Castice (chemicka individua)
— Kompozitni nanomaterialy(jadro a obal)

— Nanocastice 3. a 4. generace (budoucnost:
ruzné komponenty se specializovanymi
funkcemi (,nanodevices")

Centrum pro vyzkum
toxickych latek
v prostredi
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Kovy

« stribro
« Zzlato

- 2Zelezo
« dalsi

OX|dy kovu

TiO,
- Al O
o SiO2
« ZnO
- Zr0O,
« dalsi

Uhlikové NM

« nanotrubicky
fullereny

saze
nanodiamanty

Dalsi anorganické NM

« magnetické materialy
kompozitni nanomaterialy
kvantové tecky

silikaty, zeolity, jily

« anorganicka nanovlakna

Organické NM

« nanovilakna polymeru
- dendrimery
- polystyren
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Nanocastice v prostredi

Nanoparticle movement through the

environment
T UV degradation
epositio S
Wildlife and sg?llage Wildlife and . A Injection for
humans humans : : remediation
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Figure 5. Routes of exposure, uptake, distribution, and degradation of NSPs in the environment. Solid lines
indicate routes that have been demonstrated in the laboratory or field or that are currently in use (remedia-

tion). Magenta lettering indicates possible degradation routes, and blue lettering indicates possible sinks
and sources of NSPs.
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Toxicita — srovnani - 4 ,stejné“ ¢astice (jeden vyrobce — 4 rizné Sarze)
(zerovalent iron — ZVI — Fe?)

Opakované pozorovana toxicita u castic H16 —pricina neznama (zadne
zmény pH, rozpousténi zZzeleza Ci dalsich primeési ...)
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Nanocastice - mechanickeé vlivy = toxicita

Deplmia magna 48 hour mortality after exposure to nano-ron

—

gg: b Crtrcl
9- — o =31 25npl
§ ;’): -=A==@5npl
§ pd Pmgl
a - —i—250ngL
= 3 - @ =3125ngL
33) == X==5mpL
0 e 250) 10 L

time (howrs)

Daphnia exposed to various concentrations of
nano-iron used in remediation. A = control; B =
3mg/L;C=75mg/L; D=15mg/L; E =30 mg/L;
F = 125 mg/L (dead daphnid). All daphnids
shown are 21 days old and eggs are visible in
their brood pouches (green circles). Note the
darkening of the digestive tract from A (normal
greenish color) to D with increased ingestion of
nano-iron particles (black arrows). Antennae
become clogged with nano-iron in E and F (blue
arrows). The 24 and 48 hour mortality curve is
shown on the right.




Novinky ... stresova biologie
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I tt doi: 10,1098 /mbl.2012.0685
e ers Published online
Animal behaviour

Maternal predator-
exposure has lifelong s

consequences for Koljusky (ryby), které byly

offspring learning in v dobé kladeni vaji¢ek ve stresu (predator)
threespined sticklebacks

Daniel P. Roche, Katie E. McGhee* - Snizena schopnost uc¢eni u potomku

and Alison M. Bell

School of Imregranve Biokgy, University of Hlimodis, Urbana,

1L 61801, USA | Transgenerac€ni prenos

*Author for corrapondence (hemcghee(@illinos. edu).

Table 1. Behaviours (mean + s.e.) of the offspring from the maternal weatments.

offspring of predator-exposed offspring of unexposed
mothers (s) mothers (s)
mitial exploratory behaviour (day 1: 09.00):
latency to first begin moving 49 1+ 30 56 +20
latency to enter either chamber for the first tme 330 + 70 326 + 78

learning the colour associaton:
day 1 (09.00): latency to find food reward 426 + 65 427 + 61

day 3 (09.00): latency to find food reward 533 + 48 304 +7
day 5 (09.00): latency to find food reward 337 + 6l 158 + 68
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Ecology Letters, (2010) 13: 213-222 doi: 10.1111/}.1461-0248.2009.01419.x

LETTER

Sperm of colourful males are better protected
against oxidative stress

Fabrice Helfenstein,” Sylvain
Losdat," Anders Pape Maller,*?
Jonathan D. Blount* and Heinz
Richner’

'Evolutionary Ecology Group,
Institute of Ecology and
Evolution, University of Bern,
Baltzerstrasse 6, CH-3012 Bern,
Switzerland

?Laboratoire d’Ecolo gie,
Systématique et Evolution, CNRS
UMR 8079, Universite Paris-Sud,
Batiment 362, F-91405 Orsay
Cedex, France

3Center for Advanced Study,
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Abstract

Sperm cells are highly vulnerable to free radicals, and sperm quality and male fertility are
critically affected by oxidative stress. Recently, sexual ornaments, particularly carotenoid-
based colourful traits, have been proposed to depend on a male’s capacity to resist
oxidative stress, and thus to signal sperm quality. We conducted an experimental test of
this hypothesis on great tits Parus major, in which adults are sexually dichromatic in
carotenoid-based breast plumage. We report the first evidence that ornaments and sperm
quality may be linked through oxidative stress. When expernimentally subjected to
oxidative stress resulting from increased workload, less colourful males suffered a greater
reduction in sperm motility and swimming ability, and increased levels of sperm lipid
peroxidation compared to more colourful males. Moreover, the level of sperm lipid
peroxidation was negatively correlated with sperm quality. Finally, carotenoid supple-
mentation increased sperm quality of less colourful males, suggesting that pale males are
deficient in carotenoid antioxidants.

Barevnéjsi samci sykor
—Atraktivnejsi pro samice ...

proti oxidativhimu poskozeni)

—Lepsi kvalita spermatu (karotenoidy brani



Ekotoxicita pesticidu — nové poznatky

» Pesticidy — registrace pred pouzitim
» Povinné testy ucinku na vcely
-> Odvozeni bezpecneho davkovani pro pouziti

* Nove zjistené problemy
-> Jak se projevi ,bezpecné koncentrace” vice
pesticidu, pokud budou pusobit souc¢asné ?
- Jak se projevi u jinych druhu opylovacu nez u
vcel ?

Centrum pro vyzkum
toxickych latek
v prostredi
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Combined pesticide exposure severely affects
individual- and colony-level traits in bees

Richard J. Gill, Oscar Ramos-Rodriguez & Nigel E. Raine
Affiliations | Contributions | Corresponding authors

Nature 000 (2012) | doiz10.1038/nature11585
Received 19 April 2012 | Accepted 13 September 2012 | Published online 21 October 2012

« Cmelaci a pesticidy
— Velice vyznamni opylovaci
— Specificka biologie oproti vCelam
* kolonie s velmi malym poctem jedincu

— Soucasné aplikace ruznych pesticidu na sousednich polich
» V praxi neni koordinace mezi farmari: koexpozice

Centrum pro vyzkum
toxickych latek
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Figure 1 | A complex exposure landscape. Ina typical agricultural setting, different crops may be
sprayed with different pesticides at different times and doses. Bees will obtain food both from these
crops and from wild plants, which makes it difficult to estimate their overall exposure to chemicals.
Furthermore, bees returning to the colony after foraging may pass on the pesticides as they feed larvae.
Inan attempt to partially mimic this exposure complexity, Gill et al." placed pesticide-laden feeders and
filter paper (not shown) at the entrance to boxed colonies of bumblebees, which could also access flowers
on crops and wild plants in the wider landscape. The researchers measured the effect of these added
pesticides at both the individual-bee and colony level.



Vliv pesticidu na ¢melaky — polni studie: aplikovany povolené davky
- 2 individualni latky ,,I“ a,,LC*
- sou€éasna expozice ,,M“ (mixed)
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Figure 3 | Overall worker losses. Mean (* s.e.m.) overall percentage of
workers lost per colony, including workers lost outside (below the dashed line)
and worker mortality (dead workers found in nest box; above the dashed line),
during the 4-week experiment. n = 40 colonies. #P < 0.1, **P < 0.01,

Centrum pro vyzkum **%*P =0.001 (comparison with control).
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Vliv pesticidil na émelaky — polni studie: aplikovany povolené davky
- 2 individualni latky ,,1“ a ,,LC*
- sou€asna expozice ,,M“ (mixed)
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Table 1 | Summary of observed pesticide effects for each treatment
group (I, LC or M) in comparison to the control group

Effect level Effect type | LC

Effects on Number of foragers - ND

individual  Foraging bout frequency ND ND —

behaviour = Amount of pollen collected - ND -
Duration of pollen foraging bouts + ND -+

Effects at Worker production — ND =

colony level Brood number - ND -
Nest structure mass ND ND ND
Worker mortality ND + TE
Worker loss + = +
Worker mortality & loss ND - +
Colony failure (n failed/n survived) 0/10 0/10 2/8

Significant decrease (—), significant increase (+) and no detected effect (ND) at the 5% significance

level.
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