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Pripadova studie 1
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Fig. 2.1 Map showing areas where methylmercury poisoning through environmental contamina-
tion occurred. (a) The Shiranui Sea (Yatsushiro Sea). (b) Minamata area. (¢) Agano River area.
Residential areas of certified patients are shown by yellow (Data source: Harada 1972 and Masano

2013)

Fig. 2.3 Effects of mercury on the biota and sediment in the Minamata area. Numerals in italics:

mortality (%) of oyslers Lil&lrlhult:ﬂ along the shore ol the Minamata area in summer, 1957, which

was shown by the survey of Fisheries Experimental Station of Kumamoto Prefecture ( Adapted

from Fukai 1999). Numerals in squares: concentrations in mercury in the sediment in 1939 (ppm =

pe o' wel sediment) (After Kitamura et al. 1960b). Numerals in ellipses: concentrations ol mer-

cury in soft tissues of the mussel, Hormomya mutabilis, in 1959 (ppm = pg ' dry wt) (After Tsunagi
{ﬂ‘y

Kitamura et al. 1960b)

Yokoyama (2018)
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Chisso Minamata Bay / Shiranui Sea
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Fig. 2.17 Schematic drawing of the estimated flow of methylmercury from the Chisso Minamata
factory, through Minamata Bay and the Shiranui Sea. and finally to residents mainly based on
Nishimura and Okamoto (2001)
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Minamata i

= https://www.youtube.com/watch?v=ihFkyPv1jtU
= https://www.youtube.com/watch?v=Sf6FHMR7LVQ
= http://www.mercuryconvention.org/

= https://www.imdb.com/title/tt9179096/ un@ /

environment
programme

CONVENTION
ON MERCURY

CONVENTION ~ MEETINGS ~ COUNTRIES

Harity

The purpose of this document is to provide Minamata, a film featuring the Minamata The Conference of the Parties adopted this
information to assist Parties in reporting under Disease, a debilitating illness caused by mercury guidance at its third meeting and encouraged the
Article 21 of the Minamata Convention. It is poisoning, premieres at the Berin International parties to take it into account in identifying,
available in 6 languages. Film Festival. Johnny Depp stars as W. Eugene assessing and managing sites contaminated by

Smith, a US war photographer, who with his wife mercury.
Aileen Smith, doc__. 8


https://www.youtube.com/watch?v=ihFkyPv1jtU
https://www.youtube.com/watch?v=Sf6FHMR7LVQ
http://www.mercuryconvention.org/
https://www.imdb.com/title/tt9179096/
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Rezidua pesticidti v ornych padach CR



Pesticidy v orné ptdé CR

= Unor—brezen 2015 = dlouhodoba rezidua CUPs

= 75 ornych pud, 0-25 cm, vysuSeni, mélnéni, presati, archivovani, analyzy ...
= pudni vlastnosti (TOC, CEC, pH, textura, HA/FA ...)
= QUEChERS extrakce + LC/MS/MS analyza 53 CUPs a 15 TPs véetneé 2

zakazanych t tovanym vyskytum ve vodach

> Easy (no laborious steps)

VI. shake ~ in
L
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» Effective (wide scope, low consumption,
y > Rugged (minimal sources of errors) Vil Centrifuge 5 min/~3000

. 30min Safe
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» Sal
*, ' Extract in acetonitrile
Xill adjust pH with HCOOH — amenable to GC-, LC- and (D)-SPE
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36% soils with 2 3
pesticides over

Pesticidy v orné pudé CR [ . Ue

75 sites - triazines in 89% soils

53 pesticides [ conazoles in 73% soils
15 transformation [ chloroacetanilides [ in 25% soils J#
products fenpropidin  ["in 20% soils |3
QuEChERS ] diflufenican

LC-MS/MS NGB
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81% pud s alespon jednim pesticidem nad 0.01 mg/kg
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Pesticidy v orné ptdé CR

= Simazine nemuze byt dédictvim minulosti (pfed 2005 jen 200-300 kg/rok)
= ALE (ID):

= simazin je povolena necistota pfipravku s terbuthylazinem — az 3% (!)

= od 2006 se aplikuje az 110 t/rok TER = az 3.3 t/rok simazinu (!!)

= potvrzeno i korelacemi SIM a TER a asociaci s vyskytem kukufice

Common name, ; . .

dentifica mh IUPAC name Purity (')
o
. . ' o ol Q
lerbuthylazine M2-tert-butyl-6-chloro- | = 950 glke o
N N4-ethyl-1,3,5-triazine- <
-41-3 . ties: n
CAS No 5915-41-3 2 4-diamine Impurities: v
oa . =)
CIPAC Mo 234 Propazine not more =
than 10 g/kg @

Afrazine not more
1 glke

than
Simazine not more
than 30 g/ks

= Atrazine — nemuze pochazet z 0.1% nedistot — permanentni dédictvi (v
podobé hydroxy-atrazinu) vysokych spotreb pred 2006
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Pesticidy v pudé CR
= vysledky zaslouZi pozornost z hlediska moznych dopadu

o dle provedené analyzy ekologickych rizik je v 35% pud vyznamné riziko pro pudni biotu (RQ > 1)
o také zahranicCni limity zalozené na vypoctu rizik byly Casto prekroCeny

Vasickova et al. (2019)

Table 2 = Epoxiconazole Atrazine -2-hydroxy m Carbendazim Dimoxystrobin
Total sum of the risk for all 75 monitored sites in the soil survey Hvezdova et al. m Chlorpyrifos m Terbuthylazine ®m Atrazine-desisopropyl m Difenoconazole
(2018). The sum of risk quotients [ ERQ;,.) for a given site was calculated by i m Boscalid m Cyproconazole m Diflufenican

summing up all risk guotients for each pesticide residue quantified in the soil
sample. The calculated ERQ.;,. were classified into four risk levels: high risk
(ERQkjte = 1), medium risk (0.1 < ERQuje < 1), low risk (0.01 = ERQj. < 0.1) and
negligible risk (ZRQue < 0.01) (Sancheéz-Bayo et al., 2002).

M Terbuthylazine-hydroxy

100%
2056
202
Te
G056
508
4086
3096
205
108

0%

MNumber of sites

High risk (SRQste > 1) 26 £
Medium risk (0.1 < ZRQ.j.< 1) 34 2
Low risk (0.01 < 2RQujte < 0.1) 9 =
Negligible risk ( £RQue <0.01) 8 ®

CUPs contribution to the toxicity

36 40
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Pesticidy v podzemni vodé CR

CHMU, dr. Vit Kodes$, 2014-2016:
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Pesticidy v podzemni vodé CR

= hitps://www.lidovky.cz/domov/zasoby-pitne-vody-zamorila-chemie-nejproblematictejsi-jsou-pesticidni-
latky. A181103 122800 In domov rsa

= hitps://domaci.ihned.cz/c1-65848450-pesticidy-nici-ceskou-vodu-dokazuje-rozsahla-studie-muze-za-
to-pestovani-repky-naprava-prijde-na-miliardy
= htitps://ct24.ceskatelevize.cz/veda/2612102-v-ceske-podzemni-vode-jsou-pesticidy-zamorily-uz-
vetsinu-pramenu-40-procent-ma
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Pripadova studie 3

Uhyn aligatora v roce 1997



Uhyn aligatort v roce 1997

= Griffin, Florida, USA, 1997 — nahlé uhyny stovek aligatoru
= |etargie, naruseni nervove koordinace, nepohyblivost, utopeni
» 6 let vyzkumu, posSkozeni neuronu v mozku

= NE - infekce, intoxikace pesticidy, Hg, toxiny sinic Anddl (200)
= ANO — nedostatek thiaminu (vitamin B1) R —
1
eutrofizace “
!
rozvoj sinic - toxiny
l ——
it b
zména v druhové skladbeé ryb. o} gg‘?g&%}? rg;l gg%%?orgw%
1]
vymizenf vétSiny druh(
N maso obs;]ujevelké ]
jednostranna dieta ¢ mnozstvi enzymu thiaminazy

avitamindza vitamiu B1 |’  &tépl vitamin B1

o
podkozeni neurony, ztrata hromadny Uhyn

I\/I U I\I I R E c E T 0 X pohybové koordinace, utopeni (I aligatorl
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O co tedy jde v predmetu E22407



Pusobeni stresoru v ekosystémech

Jaké rysy na techto prikladech pozorujeme?
Jaka hlavni klicova slova?

= komplexnost — prostredi a biosystemy
* interakce — polutanty s prostredim, biodostupnost, transformace
= vztahy — trofickeé retezce (bioakumulace), zpétné vazby

= smési — mnoho polutantu, ruzné formy, vztahy pfirozenych
stresoru a polutantu

= prime a neprime ucinky ...
= terenni studie ... vyssi realita a variabillita ...

MUNI RECETOX
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O co jde?

toxicke latky

(a dalSi stresory)

ekotoxikologie
komplexita

SMesi|

MUNI RECETOX

/

prostredi

vodni

suchozemskeé

organismy

@

populace

@

spolecenstvo

@

ekosystem
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O co jde?

= NELZE ZANEDBAT PROSTREDI, VE KTEREM SE ODEHRAVA
SLEDOVANY VZTAH POLUTANT — ORGANISMUS

= komplexnimi vztahy nejen mezi
organismy a kontaminanty,
ale také mezi
prostredim a organismy
a
prostredim a kontaminanty

MUNI RECETOX



O co jde?

= pusobeni toxickych latek a dalSich stresort na zivé soustavy ve

vodnich a suchozemskych ekosystemech

= komplexni interakce polutanty - prostredi - organismy

= smeési polutantu, polutanty a jiné stresory

= vliv prostredi na rizikovost toxikantu

= ucCinky na vyssich urovnich biologické organizace

= bioindika¢ni metody, hodnoceni biologické kvality ekosystému,
biodiverzita, stav populaci a ekosystémoveé funkce

MUNI RECETOX
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O co jde?

Reakcéni nadoba «— Prostredi

Latky Smés(y) latek

Znamé ucinky Neznamé ucinky

Znamé problémy Neznamé problémy

Holoubek, prednasky CHZP 1

MUNI RECETOX
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O co jde?

4
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Figure 2.4 The overlap of spatial and temporal scales in chemical contamination. Just as there
are scales of ecological processes, contamination events also range in scale.
Pesticide applications can range from small-scale household use to large-scale
agricultural applications. The addition of surplus nutrients and other materials due
to agriculture or human habitation is generally large scale and long lived. Acid
precipitation generated by the tall stacks of the midwestern United States is a fairly
recent phenomena, but the effects will likely be long term. However, each of these
events have molecular scale interactions.

Holoubek, prednasky CHZP 1
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Figure 2.3

The overlap of spatial and temporal scales in environmental toxicology. Not only are
there scales in organization, but scales over space and time exist. Many molecular
activities exist over short periods and volumes. Populations can exist over relatively
small areas, even a few square meters for microorganisms, and thousands of
square kilometers for many bird and mammal populations. Although often dia-
grammed as discrete, each of these levels are intimately connected and phase one
into another along both the space and time scales.



Navaznost

= Slozky ZP (Vrana, Hofman)

= Environmental Pollutants (Melymuk)

= Obecna ekotoxikologie (Blaha)

= Exp. a apl. toxikologie a ekotoxikologie (kolektiv)
= seminare

MUNI RECETOX
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Povinna literatura

= Andél (2011): Ekotoxikologie, bioindikace a biomonitoring

EKOTOXIKOLOGIE,
BIOINDIKACE
A BIOMONITORING

PETR AMDEL

MUNI | RECETOX
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Doporucena literatura

= Newman M.C. (2009): Fundamentals of Ecotoxicology, Third Edition 3rd Edition

= Connel et al. (1999): Introduction to Ecotoxicology

= EEA (2001): Late lessons from early warnings: the precautionary principle 1896—2000
= EEA (2013): Late lessons from early warnings: science, precaution, innovation

= adalsi ... viz jednotlivé prednasky

e R Wi

Fundamentals
of g
Ecotoxicology

: Third Editio

."
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Uvod do problematiky



Degradace ZP, hlavni problémy

= voda, puda, ovzdusi
= viz pfednasky sloZzky ZP (Vrana, Hofman)
= seminare E1000

= jake vidite hlavni problemy?

MUNI RECETDO
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Degradace ZP, hlavni problémy

MUNT RECETOYX  Rockstrometal (2009

Climate
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Degradace ZP, hlavni problémy

e SUSTAINABLE GQALS

SIS DEVELOPMENT

=2 4l 17 GOALS TO TRANSFORM OUR WORLD

GOOD HEALTH QUALITY GENDER
POVERTY AND WELL-BEING EDUGATION EQUALITY

DECENT WORK AND 9 INDUSTRY, INNOVATION 10 REDUGED II‘ 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES EHSFIMII;IHEHN

1 CLIMATE 1 1
ACTION BELOW WATER ON LAND

PEACE. JUSTICE PARTNERSHIPS
AND STRONG FOR THE GDALS
INSTITUT IEI HS

L @

SUSTAINABLE
DEVELOPMENT

GOALS

MUNT

33



Degradace ZP, globalni chemické znegéisténi

Préimyslové
chemikalie

&innosti W=  atd...
Produkty denni spotreby

MUNI RECETOX



Skupiny znecist'ujicich latek

= anorganicke plyny

=  kovy

= prumyslové kyseliny

= radionuklidy

= nutrienty (ziviny, anorganicka hnojiva)

= organické (degradabilni, komunalni, fekalni)

znedcisténi

= komunalni chemie — PCPs, detergenty, mydlia,

zmeékcovadila ...

= nehalogenovana rozpoustédla (alkoholy, etery,

BTEX ...)

= halogenované alifatické uhlovodiky (freony ..

= |atky prumyslu gumy a plastu (ftalaty,
polybromované difenylethery, PFAS ..

MUNI RECETOX

)

)

persistentni organické latky (POPs),
halogenované [produkty pramyslu (PCBs,
PBBs) a vedlejSi produkty (PCDD/Fs, PBDD/Fs)]

pesticidy [insekticidy — nehalogenované vs.
halogenované (patfi mezi POPs), herbicidy]

farmaka, l€Civa
produkty denni spotfeby (PCPs)
PAHs — polycyklické aromatické uhlovodiky

35



Terminologie

= kontaminant

= polutant

= xenobiotikum

= toxikant

= toxin

= bodovy / difuzni zdroj

MUNI RECETOX

HPVC

POPs

PBTs

PAHs, PCBs, PCDDs/Fs, OCPs
BTEX

VOCs

PCPs

PPPs

EDCs

emerging pollutants
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Smeési stresoru a polutantu

= faktory prostredi: teplota, EM zareni, voda, chemismus, radioaktivita, hluk ...
= prirodni chemicke latky a jejich degradacni produkty
= cizorodeé chemicke latky a jejich degradacni produkty

= domaci ukol - interakce — priklady ?

MUNI RECETOX
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Priklad interakce

(2)

@ Environmental
conditions

A

| GCC —=| Temperature

|GCC|

Ly

Stratification

L

GCC > Nutrients

ﬂ\dscape

(1)

ecosystems

Gmmunities & © (8)

(9) \ \

(4)\

Populations

Cyanotoxins

Pesticides :—

(5)

3)

| Gce

Toxicants

Individuals

\\K

~

Fig. 1. We address combined impacts of global climate change (GCC) and chemical stressors across biological levels of organization in the following way:
The term GCC represents climatic drivers (temperature, precipitation, etc.). Environmental conditions represent other abiotic factors (hydrologic regimes,
ultraviolet radiation, nutrient concentrations, etc.). Global climate change can affect the fate and exposure of toxicants directly (arrow 1) or through altered
environmental conditions (arrow 2) [9]. Individuals can be impacted by GCC-related changes in toxicant exposure and/or other environmental conditions; C
interactions between these factors can result in climate-induced toxicant sensitivity (arrow 3) or toxicant-induced climate-sensitivity (arrow 4) [13]. When the

combined toxicant and GCC impacts on individuals propagate higher levels, they can be modified by population-level (arrow 5) and community-level (arow 6)
processes. Such population- and community-level processes can in turn be impacted by GCC, directly or indirectly (arrows 7 and 8). Finally, landscape properties

‘GCC

may influence the responses of populations and communities to combine toxicant and GCC effects (arrow 9). [Color figure can be seen in the online version of this

article, available at wileyonlinelibrary.com]

Moe et al. (2013)

MUNI RECETOX

Fig. 2. Mustration of case studies, based on Figure 1. Foreach case study, the
figure indicates global climate change (GCC)-related changes in
environmental conditions that may affect the vulnerability of populations
and communities to toxicants and ecological processes affecting the
population- and community-level responses. More details on each case study
are given in the main text. (A) Case study I: Impacts of global warming and
cyanotoxins on plankton communities in lakes. (B) Case study 2: Impacts of
ultraviolet (UV) radiation and metals on invertebrate communities in
streams. (C) Case study 3: Impacts of future climate-related pesticide use on
invertebrate communities in streams. [Color figure can be seen in the online
version of this article, available at wileyonlinelibrary.com]
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Vliiv prostredi na polutanty

vstup
kontaminantu

kontaminantv ptidé

prostoroveé distribuovan,

v rdznych formach,
rlzné vazan...

kontaminantv organismu I 50
distribuce, metabolismus,
eliminace, bioakumulace ...

[ SR TNy

R N N e T NY

'*.'I- -
r - o : e N
* .'. v X2 ."'-e' o |
| Y | . : q
I\/I U I\I I R E c E -I': molekuly organely organy organismus populace spolecenstvo ||| | ekosystém




Vliiv prostredi na polutanty

= Vlastnosti prostredi

o sloZeni pudy, organicka hmota, zrnitost, pH, CEC, vlhkost, teplota, struktura pudy -
velikost poru

Viastnosti latek
o Chemicka struktura, Kow, Sw, Koc, pKa, MW, H, pv
= Vlastnosti organismu
o Fyziologie (pfijem, metabolismus, eliminace), morfologie, ekologie (chovani)
= Vliv casu
o Aging, sekvestrace
= Pritomnost jinych chemikalii (napf. NAPL) a interakce

Vysledkem jsou PROCESY, které méni biodostupnost

MUNI RECETOX
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Priklad - situace v pevnych matricich

MUNI

) L Surface
Diffusion in

orption
por® /5 PH

Water soluble
fraction

C‘?ock

Mineral
fraction

Surface
sorption

Diffusion into rubbery &

organic matter

Diffusion into glassy
organic matter

R E C E T 0 X Semple et al., 2003



Priklad - kovy a biodostupnost

Redox

= pfi aerobnich podminkach (0-800 mV)
jsou kovy ve formé volného kationtu
= pfi anaerobnich podminkach (-400-0 mV)

jsou vysrazené, napr. v sulfidech,
uhliCitanech

pH

= vySSi pH — kovy jsou ve formé
nerozpustnych fosfatu a uhliCitanu, také
se snizuje kapacita pH-dependentni CEC

= nizSi pH — volné kationty nebo rozpustné
organokovy, stoupa rozpustnost, naopak
vysSSi sorpce aniontovych specii

MUNI RECETOX

Log Concentration
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Priklad - interakce organickych polutantu s MO

= evolucni strategie MO v kontaminovaném prostfedi = interakce a transformace chemikalie
s ,cilem® energetického profitu, rustu i snizeni toxicity resistence - cela fada
kontaminantu je transformovana MO

Aerobic

o

Microo gani Sm

7%

i

®

L desorption
enhanced

BH —
‘ i:iuptake ) %zyme
release \
product

production
n
microbial , bioreactiol e .
@gm E@m O

W a e" .
OO ——

}1

Nitrogen source
(NH3)

other reactants,
2.9.0g

Altern ron
I\/I U I\I I FIGURE 16.3 Acrobic (blue) or anaerobic (red) mineralization of an organic compound.



Priklad - interakce kovu s MO

Tahle 7.1 Microbial Transformation of Multivalence Metals

Metals Possible Reactions Microorganisms Involved References
As Reduction of As(V) to As(III) Escherichia coli, Shewanella sp. strain ANA-3, etc. Stolz et al. (2006)
Oxidation of As(IIl) to As(V) Hydrogenophaga sp. NT-14, Rhizobium sp. NT-26, etc.  Stolz et al. (2006)
Methylation of As(V) or As(IIl) to Desulfovibrio gigas, Methanobacterium formicicum, etc.  Stolz et al. (2006)
methylated As compounds
Cr Reduction of Cr(VI) to Cr(1II) Pseudomonas maltophilia O-2, Shewanella putrefaciens  Cheung and Gu (2003)
MR-1, etc.
Fe Reduction of Fe(lIl) to Fe(Il) Geobacter merallireducens, Desulfuromonas Nealson and Saffarini (1994)
acetoxidans, Shewanella putrefaciens, etc.
Oxidation of Fe(Il) to Fe(IlI) Leptothrix ochracea, Gallionella ferruginea, etc. Emerson (2000)
Hg Methylation of Hg(Il) to methylated Hg Desulfovibrio desulfuricans LS Barkay et al. (2003)
compounds
Reductive or oxidative demethylation of Desulfovibrio gigas, Escherichia coli | elc. Barkay et al. (2003)
CH3;Hg(I) to Hg(0) or unidentified Hg
compounds
Reduction of Hg(1l) to Hg(0) Pseudomonas aeruginosa PU21 Barkay et al. (2003)
Oxidation of Hg(0) to Hg(II) Escherichia coli Barkay et al. (2003)
Mn Reduction of Mn(IV) to Mn(1I) Geobacter merallireducens, Desulfuromonas Nealson and Saffarini (1994)

acetoxidans, Shewanella putrefaciens, etc.
Oxidation of Mn(1I) to Mn(IV), or oxidation Leptothrix discophora strain SS-1, Bacillus sp. SG-1, Tebo et al. (2005)

of Mn(II) to Mn(I1I) and then Mn(IV) etc.
Se Reduction of Se(V1) to Se(1V), Se(0), or Thauwera selenatis, Enterobacter cloacae SLDla-1, Schrider et al. (1997); Hockin and
even Se(-11) Desulfomicrobium sp., etc. Gadd (2006)
Reduction of Se(1V) to Se(0) Thauera selenatis Schrider et al. (1997)
Oxidation of Se(0) to Se(VI) or Se(VI1) Bacillus megaterium Sarathchandra and Watkinson (1981)
Methylation of Se(VI) or Se(VI) to Enterobacter cloacae, Pseudomonas strain Hsa.28, etc.  Ranjard et al. (2003)
methylated Se(-11) compounds
LI Reduction of U(VI) to U(IV) Geobacter, Shewanella, Desulfovibrio, elc. Wall and Krumholz (2006)
Oxidation of U(IV) to U(VI) Acidithiobacillus ferrooxidans, Thiobacillus denitrificans  DiSpirito and Tuovinen (1982);

I\/I U I\I I Beller (2005)




Véda na pruniku ekologie
a toxikologie studuijici a
hodnotici primeé i neprimé
ucinky prirodnich i uméle
vytvorenych skodlivych
chemickych latek a
pripadné dalSich stresort
na zivoCichy (kromeé
clovéka), rostliny a
mikroorganismy na vSech

ekosystém

spolecenstvo

popuiace ;
ekologie

organy, -\Q
arovnich biologické orE. soustavy '&0\0"0
. - buriky N
organizace. R I
st , organely  (environmentdlni) @
R ST toxikologie

R
"N molekuly
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Ekotoxikologie

= Siroka Skala pristupu

Rozdéleni podle pouziti BIOSYSTEM
modelovych nebo realnych . - .
systémdi modelovy |pfirozeny
modelovy (A B
toxikologické |terénni
testy pokusy
TOXIKANT [—. .
pfirozeny |C D
transplant. terénni studie
pokusy bioindikace

MUNI RECETOX




Cile ekotoxikologie

védeckeé cile:

= zisk znalosti a védomosti, popis a analyza, poznani a porozuméni déjim, procesim, zakonitostem a mechanismim
tykajicich se
ucinkd kontaminantt (pfipadné dalSich stresort) na biotu, osudu a biodostupnosti kontaminantl v prostfedi a expozice
organismu

= chapani pfi€in a nasledkl Skodlivych ucinku
praktické cile:

" vyuzit ziskane poznani a vytvorene metody k
efektivni a racionalni ochrané ZP a bioty pfed ucinky chemickych latek a dalSich stresoru

= charakterizace rozsahu ucinkd, Skodlivosti a nebezpecnosti kontaminantu (stresord) — jednotlivych i smési
= predikce a modelovani Skodlivych ucinku
technické cile:

= tvorba novych metod, testl a nastroju pro hodnoceni Skodlivosti chemickych latek (a dalSich stresort) a pro bioindikaci
kvality ZP

= navrhy limitd a nové legislativy

MUNI RECETOX 47



Ekotoxikologie versus ekologie

Ekologie

Ekotoxikologie

Velmi Siroky zabér (vztahy mezi
organismy navzajem a organismy a
prostifedim)

Zuzeny zajem — organismy vs. prostredi,
resp. negativni vlivy zmen prostredi
(vyvolané Clovékem)

Studuje spise "fyziologické" (pfirozeneé)
stavy - vlivy béznych faktort prostfedi —
teplota, vlhkost, svétlo

Studuje nefyziologicke stavy —
neprirozene latky v prostredi, nadmérne
pusobeni fyzikalnich stresora (hluk,
zareni, stavby ...)

Ekologie vychazi z polnich
(ekologickych) studii

Vice informaci o jednotlivych druzich,
polni studie jen v omezeném mnozstuvi,
casto nejednoznacné vysledky

MUNI RECETOX
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Interakce toxikantu a biosystemu

MUNI RECETOX

Environmental Procasses Properties of

factors and and chemical

responses outcomes invelved

Source Follutant Physical
| {solid, liquid, gas eic.}
v

Envircnmental Biochemical pathways Physicochemical

distribution and and fluxes {water solubility,

transforrnation

SN

Air Water  Soilfsediment

vapour pressure,
transformation etc.)

Environmental levels

Exposure i BiOChemic.al and
and uptake physialegical
Organism {bicaccumulation
| biotransformation etc.)
L]
Organisin Lethality and , Physiclogical
response sublethal ¢conditions (lethal toxicity,

i

sublethal toxic
effects reduced
reproduction etc.)

Population,
community
and ecosystem
response

Modified population
characteristics
and dynamics

Modified community
structure and functicn

l

Change in ecosystem function

Ecological

{altered species,
diversity changes

in predator-prey
relationships, altered
respiration to
photosynthesis
ratio,altered nutrient
dynamics etc.)

CCOSVSICITS.

Fig. 2.1 Relationship between the propertics of an ecotoxicant and s Interaction with
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Interakce toxikantu a biosystemu

Wtup
stresoru do ekosystému
t > > :
- (bio)degradace detoxikace
- transformace

Vstup do Zivého organismu

MUNI RECET.

L
F - F -
Biotransformace detoxikace
indukce enzymil vyloudeni / uloZeni
(GET, MFO, hydrolazy,
enzyiny reparace DRAY
ol
Y - fozfolipidy bunésnych tnermbran
. - tnetnbranove receptory
Molekularni misto - bungéné receptory
toxického plisobeni - ifove enzymy
> - binchemiclka mtegrita
- iontova, pH a redoxni rovnowaha

>
Biochemické parametry plsobeni
- gtresove protemy (Hap, metalothionening)

- inhihice a zmény enzymovych aldit
— - narufeni iontove, pH, redoxni rovnovahy
- Zmény signalovani wimer bufilsarm

- indilatory namifend metabolismu (zasoby ATP )

reparace
detoxikace
vylouceni / uloZeni




Interakce toxikaqtu a biosystéemu

Organismus (fyziologie a chovani)
™

> - >
Plizobeni na Growni organismu reparace

- podkozend chromosorad, bunééné leze a nekrozy detowilkace
- metabolisrins (respirace, fotosyrdéza)

- riist a moEnosti pro Hist (scope for growdh) vylouteni / uloZeni

— - indukee nddon, teratogenita, endokrinnd disropee
- reprodukénd (nejispédnost, rnnosgoreseftoxdrita
- zrnény chovdnd a piijran potrasey, adaptace

- rmortalita
h 4
Populace
-
P : o+
Pisobeni na urown populaci reparace
- populacnd hustota & derangrafie migrace ! introdulkece
- produkiriata, rozmnofovac] dspédnost
- Troény v genetice populaci
— - zrény kompetice
h 4
spoletenstva
+*
L _ “—p _ —
Piszobeni na urowvnt spolefenstey resistence fresilience
- prenos energii a hrooty
- stadinm sukcese
— - zmény chemickych parametril
h 4
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Typy efektu a urovné pusobeni

Uroven

Priklady typtl Gu¢inkti a hodnocenych parametrt (endpointi)

biochemicka/

molekularni

* interakce s enzymy (dehydrogenaza, B-glukosidaza, nitrogenaza, acetylcholinesteraza, glutathion-S-transferaza, peroxidaza...)
+ oxidativni stres (glutathion, lipidni peroxidace...)

» biochemické markery (heat shock proteiny, cytochrom P450, etoxyresorufin-O-deetylaza - EROD, metalothioneiny...)

» genotoxicita (testy genotoxicity s mikroorganismy, rostlinami, Zivo€ichy)

» naruSeni membran (integrita a fluidita membran nepolarni nark6zou, naruseni iontovych pump &i transportnich systémd...)

* interakce s receptory (AhR receptor...)

bunééna

+ vitalita a funkce bunék (studium hemocytl, coelomocytl, pocitani bunék, déleni a rlist mikroorganismu, hodnoceni spermii ...)
* bunécné déleni
* narudeni proteosyntézy

individualni

» prezivani (testy mortality, testy kli¢ivosti...)

* nekrdzy, Iéze, onemocnéni (pozorovani organismu na konci testu...)
* pfijimani potravy

+ fyziologie (hodnoceni neurotoxicity ...)

» energeticky metabolismus

» chovani (unikové testy...)

» aktivita (méfeni fotosyntézy u rostlin...)

* rust (testy inhibice rlistu ...)

» bioakumulace

populace

» populaéni dynamika — mortalita, natalita, reprodukce (reprodukéni testy toxicity ...)
+ fitness populace (vicedruhové kompetiéni testy...)

* rUst populace (rlst specifickych skupin mikroorganismu, vice-generacni testy...)

» prostorovy vyskyt populace v terénu, bioindikace

spoleCenstva

» biodiverzita a struktura spoleCenstva

* vztahy

+ fungovani

+ stabilita spolecenstva

* selekce rezistentnich druh, vznik tolerance

« vyuziti indikatorovych druhl — citlivé druhy na dany typ stresu

ekosystému

* cykly C, N, P, S (méfeni respirace, nitrifikace, denitrifikace...)

dekompozice (méfeni rozkladu organickych rezidui...)

energetické toky

bilance (uhlik vazany v biomase...)

vyvoj (hodnoceni sukcese...)

hodnoceni ekosystémovych sluzeb (,ecosystem services®) a funkci (produktivita, vynos, schopnost biodegradace polutant...)

RELEIUX
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AOP — adverse outcome pathways

The existing KNOWLEDGE is organized to link the two anchor points:
Molecular Initiating Event (MIE) and Adverse Outcome (AO)
via a series of intermediate steps: Key Events through Key Event Relationships (KERSs)

Macro-Molecular Cell Tissue Organ Organism Population
interactions Response Response Response Response Response

Molecular Ke Ke
Initiating ——> y —> y Adverse Outcome
Event Event 1 Event 2

Chemical

In chemico < —
- In vitro, Ex vivo In vivo
In silico < >
Field and observational

MUNI | RECETOX  http://aopkb.org/ studies s



reproduction

1
1 ]
|
¥

AOP — adverse outcome pathways

———— damage

Dose Tnmpiundl

“key event”
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Digestive tract Gene
inflammation | A B,C
Neurological i Gene
D, E
: Gene
Organ failure FG

SETAC 2020: 1.10.1 Biomarker development

for neonicotinoid exposure in the soil
dwelling Folsomia candida
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Terminologie

= pbiokoncentrace, bioakumulace, bioobohacovani
= toxikokinetika vs. toxikodynamika
= ADME

MUNI RECETOX
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Nebezpecnost versus riziko

» Riziko = pravdepodobnost, ze za dane situace dojde ke
Skodlivému (negativnimu) pusobeni na hodnoceny systém

v

. Environmental Risk Assessment (ERA)
Hazard * RISk (1) Problem formulation (including hazard
A& Hazard is something that has the Risk is the likelihood of a hazard identification)
potential to harm you causing harm - 4 * *
A
Identifikace nebezpecnosti (2) Hazard (3) Exposure
] characterisation characterisation
h * I !
L 2
Hodnoceni expozice Identifikace uc¢inku(-) < (4) Risk characterisation
I | §
* i v
(5) Risk management strategies
Charakterizace rizika
* Y
(6) Overall risk evaluation and conclusions
Interpretace
b
Overall Risk Management, including

— Post Market Environmental

I\/I U I\I I R E c E T 0 X Monitoring (PMEM)



Systéemovy pristup

= systém = soubor pravidelné na sebe pusobicich a vzajemné na
sobé zavislych slozek, ktere tvori jeden celek

= celek je vic nez soucet Casti

= stupnovité (hierarchicke) usporadani

= celek i jeho Casti se vzajemne ovlivauji

= systém ma vstup a vystup a s okolim si vymenuje energii, hmotu,
informace

MUNI RECETOX
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Ekosystem

= Uceleny soubor organismu (biocenoza) a jejich prostredi (ekotop)
— prostredi je zpravidla primarni a urcuijici.

= Tvori zakladni strukturné funkéni jednotku krajiny i celé biosféry

= Je prostorovy utvar, v némz biotické (zive) a abiotické (nezivé)
slozky jsou vzajemnée propojené rozmanitymi vztahy

= Terestricky (suchozemsky) - louky, lesy, pole, puda

= Akvaticky (vodni) - morsky - sladkovodni - feky, rybniky,
podzemni vody, mocaly

MUNI RECETOX
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Studium ekosystému je multidisciplinarni

Védy studujici biotické slozky ZP:

= ekologie, biologie (hydrobiologie, taxonomie ...), atd...

Veédy o abiotickych slozkach:

= meteorologie, geologie, hydrologie, geografie atd...

Vliv cloveka, antropogenni zasahy:

= environmentalni chemie (CHZP), ekotoxikologie, technologie,
remediace atd...

MUNI RECETOX

59



Hlavni pojmy

= ekologicka nika

= symbioza, kooperace, kompetice, predace, parazitismus
= pozitivni zpetna vazba

* negativni zpetna vazba

= strukturni versus funkCni parametry

= biodiverzita

= bioindikator, biomonitoring

= sukcese, klimax

MUNI RECETOX
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Ekosystemy - biomy

= tundra

* tajga

= opadave listnateé lesy

= vzdyzeleny subtropicky a tropicky les
= step

" savana

= tropicky destny prales

= poust
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Katalog biotopii Ceské republiky

Milan Chytry = Tomds Kucera = Martin Koci
editori
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formacni

skupiny a—

Vv Vodni toky a nadrze

M Mokrady a pobrezni vegetace

R Pramenisté a raseliniste

S Skaly, suté a jeskyneé

A Alpinské bezlesi

T Sekundarni travniky a viesoviste
K Kroviny

L Lesy

X

Biotopy silné ovlivnéné ¢lovékem

zakladni LS Buciny
jednotky
podjednotky L5.4 Acidofilni buciny
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Figure 6-7

The bioaccumulation

Vztahy v ekosystemech -

primary
producers

{autotrophic

plants)

biophyte
consumers

decom-

+ (plant-eaters,
poss predators,
parasites)

radiation
energy

¥

_‘_wm

consumers

Figure 5.1.3 Food chain and energy flow

Lakes aquatic food
chain. (Source: The

State of Canada’s Envi-

ronment. 1991.
Ottawa: Government
of Canada.)

Grazing

Uptake

Excretion
and lysis

T _»
Mineralization -

Grazing
FIGURE 6.1 The microbial loop in the planktonic food web. The

microbial loop represents a pathway in which the dissolved organic
products are efficiently utilized. The role of bacterioplankton is to
mineralize important nutrients contained within organic com-
pounds and to convert a portion of the dissolved carbon into
biomass. Grazing by bactivorous protozoans provides a link to
higher trophic levels. (Modifed from Fuhrman, 1992.)
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Herring gull eggs
124 ppm

Lake trout
4.83 ppm

\\\ li%i;]z(;wmsmell

Zooplankton
0.123 ppm

Phytoplankton
0.0025 ppm

SCIENTIFIC
REPORTS

natureresearch

W) Check for updates

Preying on seals pushes
killer whales from Norway
above pollution effects thresholds

Clare Andvik?®, Eve Jourdain?, Anders Ruus™?, Jan L. Lyche*, Richard Karoliussen’ &
Katrine Borga™™

https://www.facebook.com/watch/?v=305237224163999
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Toky latek a energii

= vstupy: slunecni zareni, oxid uhliCity, voda, ziviny
= vystupy: vyzarovani (teplo), vymyvanim latek z pudy, povrchovy
odtok, vétrna eroze, vystéhovani organismu, sklizeri biomasy

MUNI RECETOX
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Primeé a neprimeé ucinky

MU N

\ Pollinator

Figure 1| Interaction web showing the pathway by which fish facilitate

plantreproduction. Solid arrows indicate direct interactions; dashed arrows
denote indirect interactions. The sign refers to the expected direction of the
direct or indirect effect (see the text). Figure numbers indicate which figure

.presents data supporting each of the predicted effects. (Figure created by
'S. White and C. Stierwalt.)

Knight et al. (2005)
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[ 4 y

Prime a neprime

Susina rostlin  (A), celkovy obsah
fosfatl (B), kolonizace kofenu (C) a
délky hyf (D) u AM symbiozy oSetrené
0, 0.1, 1.0, 10.0 yg carbendazimu na
gram pudy.
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Resilience a resistence

Resilience
= schopnost obnovit sveé vlastnosti po nejaké zméne / naruseni

Resistence
= schopnost odolavat vuci pusobicimu stresu

= pfi definovani je treba definovat vuci ¢emu, vuéi jakému druhu
stresu — neni zadna obecna resilience/resistence
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Ekologicke principy

= zakon minima
= zakon tolerance
* + biogeograficka pravidla

MUNI RECETOX
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Zakon tolerance

prosperita optimum
systemu

letalni
minimum

Ekologicka nika - schéma

ekologicka valence

s : teplota
max

letalni
maximum

ekologicky

interval tolerance
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faktor

schopnost prediti
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Zakon tolerance

&

non-essential
element

tolerable optimum essential trace element

\“\“

element concentration

relative growth

deficit

Figure 5.6.2 Concentration and activity

Priklad:
= Na, K, Mg, Ca, (Cr), V, Mn, Fe, Co, Ni, Cu, Zn, Mo a W — maji v bunkach né&jakou roli

= ve stopovych mnozZstvich jsou nezbytné (= esencialni) pro rust a metabolismus, ale ve
vyssSich koncentracich mohou mit na organismy inhibiCni ucCinek a ve vysokych
koncentracich se mohou stat toxickymi

= toxické kovy (# ne-esencialni) = nemaji zadnou znamou biologickou funkci - Ag, Cd, Sn,
Au, Hg, Tl, Pb, Al, Be, Li a polokovy Ge, As, Sb, Se
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Zakon tolerance

V intervalu tolerance se mezi sebou lisi:
= jednotlivé druhy organismu

= jednotlivi jedinci uvnitr populace druhu

= jednotliva obdobi v zivote jedince

MUNI RECETOX



E kOSySté m OVé s I u 2 by http://www.fao.org/soils-2015/en

) 4 ) . Water ification
= dopady na &lovéka S 011 E: i,
squestratiun B \ x

= holisticky pristup . :
= priklad - ptda uncnons[pmmmd.]

Soils deliver
ecosystem
services
that enable
life on Earth

Provision of
construction
materials

Dtk b B I Source of pharmaceuticals
\ and genelic resources
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Ekosystemove sluzby

= v ekosystémech je vSechno propojeno

= priklad netopyri: Insectivorous bat populations, adversely impacted by

white-nose syndrome and wind turbines, may be worth billions of dollars to
North American agriculture

rd
Pl
[ ] 0-1020 [T 3400-4800 I 870011000 B 700020000 [ 2900036000
[] 1020-2100 [T 48006600 B 11000-14000 B 20000-24000 B 36000-50000
[ 2100-3400 [ 6600-8700 B 14000-17000 B 22000-29000 B 50000-73000

The worth of insectivorous bats. Estimated annual value of insectivorous bats in the agricultural industry at the

county level. Values (x$1000 per county) assume bats have an avoided-cost value of ~$74/acre of cropland (12).
|\/| U N I R E c E T 0 X Boyles et al. (2011)  (see som for details)
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