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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 arca. Numerals in italics: 10
mortality (%) of oysters distributed along the shore of the Minamata area in summer, 1957, which
was shown by the survey of Fisheries Experimental Station of Kumamoto Prefecture ( Adapted <10 g5 20
from Fukai 1999). Numerals in squares: concentrations in mercury in the sediment in 1939 (ppm = ‘m'uﬁ.\y"" S L
pe o' wel sediment) (After Kitamura et al. 1960b), Numerals in ellipses: concentrations ol mer- rj VN
cury in soft tissues of the mussel, Hormomya mutabilis, in 1959 (ppm = pg g~' dry wt) (After e

<o)

Kitamura et al. 1960b)

Yokoyama (2018)
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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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JOHNNY DEPP

= https://www.youtube.com/watch?v=0YhaeilS500

= https://www.youtube.com/watch?v=ihFkyPv1jtU

= https://www.youtube.com/watch?v=St6FHMR7LVQO
= http://www.mercuryconvention.org/ UN@® /
= https://www.imdb.com/title/tt9179096/

CONVENTION

ON MERCURY

programme S
IE| CONVENTION MEETINGS COUNTRIES

Harity

The purpose of this document is to provide Minamata, a film featuring the Minamata
information to assist Parties in reporting under Disease, a debilitating illness caused by mercury
Article 21 of the Minamata Convention. It is poisoning, premieres at the Berlin International
available in 6 languages. Film Festival. Johnny Depp stars as W. Eugene

e = e
nt in identifying,
an inate
Smith, a US war photographer, who with his wife i
Aileen Smith, doc. . 8
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Rezidua pesticida v ornych ptdach CR



Pesticidy v orné ptdé CR

unor—brezen 2015 = dlouhodoba rezidua CUPs

75 ornych pud, 0-25 cm, vysuSeni, mélnéni, pfesati, archivovani, analyzy ...

pudni vlastnosti (TOC, CEC, pH, textura, HA/FA ...

QUECHhERS extrakce + LC/MS/MS analyza 53 CUPs a 15 TPs vCetné 2
zakazanych triazinu + TPs diky jejich frekventovanym vyskytﬁm ve vodach

: Advantages: .
 Quick (30 min/bateh of 6samples) - NG
~ Easy (no laborious steps)

Lweign

e - Chea

homaganate
% » Effective (wide scope, low consumption) ’@
- sources of errors|
w3

Rugged (minimal sources o S il

10
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Pesticidy v orné pudé CR

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

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

= 0od 2006 se aplikuje az 110 t/rok TER = az 3.3 t/rok simazinu (!!)

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

Common name, ; . "
dentifica o IUPAC name Purity (')
[
. . o 1 o
lerbuthylazine M2-tert-butyl-6-chloro- | = 930 glke 2
N4-ethyl-1,3,5-triazine- <
L 2 S -7 L T Ee 1
CAS No 3915-41-3 7 4-diamine Impurities: b
; . a
CIPAC No 234 Propazine not more =
than 10 g/k 2
Atrazine t
than 1 gk
L T o
Simazine not 20
than 30 g/k
=l mail

Atrazine — nemuze pochazet z 0.1% necistot — 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 zahranicni limity zalozené na vypoctu rizik byly Casto prekroCeny

VasSickova et al. (2019)

Table 3 m Epoxiconazole Atrazine -2-hydroxy ® Carbendazim = Dimoxystrobin
Total sum of the risk for all 75 monitored sites in the soil survey Hvezdova et al. ® Chlorpyrifos | Terbuthylazine = Atrazine-desisopropyl ®m Difenoconazole
(2018). The sum of risk quotients [ 2RQ;,.) for a given site was calculated by mS:nistolachior = Boscalid m Cyproconazole m Diflufenican

summing up all risk quotients for each pesticide residue quantified in the soil
sample. The calculated ZRQs;. were classified into four risk levels: high risk
(ERQsire = 1), medium risk (0.1 < ERQsje < 1), low risk (0.01 < ZERQsj. < 0.1) and
negligible risk (ZRQu < 0.01) (Sanchéz-Bayo et al., 2002).

W Terbuthylazine-hydroxy

100%
a0%
802
T8
0%
S50%
400
30%
2080

1086
8 10

Number of sites

High risk (SRQue = 1) 26 g
Medium risk (0.1 < ERQy.< 1) 34 o
Low risk (0.01 < 2RQuje <0.1) g =
Negligible risk (=RQsite < 0.01) 8 =

CUPs contribution to the toxicity

0%
36 40 59
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esticidy v pudé

edky prizy, T, ks

@ 2]

i nastavygies UMY seznagmy
Uil strategie tocksn ;’.'.fi;'éf"waem.

. Istwi, Pror,_-;

ttps://www.stream.cz/adost/10028599-
zamorena-puda-alarmujici-vysledky-testu-

pudy-v-cesku

[tps://ct24.ceskatelevize.cz/veda/2376595-ceska-
zemedelska-puda-je-plna-pesticidu-vcetne-10-let- 14
zakazaneho-toxickeho-simazinu
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Pesticidy v podzemni vodé CR

CHMU, dr. Vit Kodes$, 2014-2016:

ke

¥ nalezeno maximalni koncentrace

=k

I:I desalyldesisopropylatrazin { DEDIA

[ atrazin 2-hydrory / atazine 2-hydroxy
I cesetytatrazin / DEA (
- atrazin | atrazine

I:I prometryn | promedryn
I:I acefochlor OA/ acefochiar OA

E acatochior ESA [ acefochior ESA

Il achior O siachior OA
I iachior ESR siachior E5A

Il etclachior OA 1 metolechior OA
Il metclachior ESA/ metolachior ESA

metha
rretribiu zin

o L] o v n " [l
63% z cca 660 objektl — nalezen alespon jeden pesticid
43% objektu — nad limit 0.1 pg/L pro jednotlivy
pesticid

o [ ) " " " " o
31% objektld — nad limit pro sumu pesticidu
100 g
| Y S
. on -
10 Ej:ﬁg 5 © & . g
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terbu thylazine dessthyl

Pesticidy: 41% objekt( nad limit

Zadné citlivé oblasti, zranitelné oblasti ani opatieni |

plekrofena referandni hodnota |
hreshold value exgesgad

trii
i

3 4-dichlorophenyl ure

|:| metszachior OA / metazschlor OA
[E= metezachior ESA ! metazachior ESA

[ vceeimcre

D hexazinon ! hexazinene

|:| chioridazon / chieridazon
chieridazon desphenyl |
chiordazon desﬁhenw
chioridazon methyl desphenyl
chloridazon methy! desphenyl

[10,11]

D chiarioturon | chiorloiuon
- isoproturon ! iscproturon

I siopyratid f clopyralid

- metribuzin desaming dikelo /
metribuzin desamine diketo
- bentazon / bemazone

15



Pesticidy v podzemni vodé CR

= https://www.lidovky.cz/domov/zasoby-pitne-vody-zamorila-chemie-nejproblematictejsi-jsou-pesticidni-

latky.A181103 122800 In domov rsa

= https://domaci.ihned.cz/c1-65848450-pesticidy-nici-ceskou-vodu-dokazuje-rozsahla-studie-muze-za-
to-pestovani-repky-naprava-prijde-na-miliardy

= https://ct24.ceskatelevize.cz/veda/2612102-v-ceske-podzemni-vode-jsou-pesticidy-zamorily-uz-
vetsinu-pramenu-40-procent-ma

@ = - .‘:ﬁ.

= https://www.stream.cz/adost/10019123-otravena-voda-alarm' , @APP&M i
= http://hydro.chmi.cz/isarrow —
http://hydro.chmi.cz/pasporty

r

V-V-cesku

16



Podzemni voda - EU
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Uhyn aligatora v roce 1997



Uhyn aligatora v roce 1997

= Griffin, Florida, USA, 1997 — nahlé uhyny stovek aligatoru
= |etargie, narusSeni nervové koordinace, nepohyblivost, utopeni
» 6 let vyzkumu, poSkozeni neurontd v mozku

= NE - infekce, intoxikace pesticidy, Hg, toxiny sinic Andél (2001)
nae
= ANO — nedostatek thiaminu (vitamin B1) etavba v ofolf jezera
4
eutrofizace “
]
rozvoj sinic - toxiny
! —
zména v druhové skladhé ryb. ) 32?2?52%5 Q;l 832 é%?or{f@%
]
vymizeni véi8iny druhl
) N maso obsahuje velké ]
jednostranna dicta ¢ mnoZstvi enzymu thiamindzy

avitamindza vitaminu B1 _ &topl vitamin B1

D
podkozeni neurony, ztrata hromadny (hyn

I\lI U I\I I R E c E T 0 X pohybové koordinace, utopeni (. aligatorQ
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Pusobeni stresoru v ekosystémech

Jaké rysy na techto prikladech pozorujeme?
Jaka hlavni klic¢ova slova?

= komplexnost — prostredi a biosystemy
= Interakce — polutanty s prostredim, biodostupnost, transformace
= yvztahy — trofické fetézce (bioakumulace), zpétné vazby

= smesi — mnoho polutantu, rizné formy, vztahy pfirozenych
stresoru a polutantu

= primeé a nepfrime ucinky ...
= terénni studie ... vySSi realita a variabilita ...

MUNI RECETOX
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O co jde?

toxické latky

(a dalsi stresory)

ekotoxikologie

Interakce

smesi

MUNI RECETOX

/

prostredi

vodni

suchozemské

organismy

=

populace

=

spolecenstvo

=

ekosystem

22



O co |jde?

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

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

prostredim a kontaminanty L

%
%
s

MUNI RECETOX



O co jde?

= pusobeni toxickych latek a dalSich stresoru na zive soustavy ve
vodnich a suchozemskych ekosystemech

= komplexni interakce polutanty - prostredi - organismy

= smeési polutantu, polutanty a jiné stresory

= vliv prostredi na rizikovost toxikantu

= ucinky na vyssSich drovnich biologicke organizace

= bioindikacni metody, hodnoceni biologické kvality ekosystému,
biodiverzita, stav populaci a ekosystémove funkce

MUNI RECETOX 24



O co |de?

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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Climate Change
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Atmospheric Deposition
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Hazardous Materials Spill
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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.

1,000,000 years

100,000 years

10,000 years

1,000 years

Holoubek, prednasky CHZP 1

scape Dynamics

2
<
% 100 years p
-~ etapopulation and Ecosystem
s 10 years Dynamics
=B ;
g 1 year Populations and Population Dynamics
= ,
1 Day "Organismal Physiology and Behavior
1 hour e Organ and Tissue Physiology

1 second s

Figure 2.3

icrobial Processes

Genetic and Molecular Biology
o I | i
lum Imm Im lkm 1000 km 10,000 km
Spatial Scale

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.



O co |jde?

Complexity of E%?qtecu!os - Cells Organisms : Populations-Cammurities Ecosystems
the structures Metabolism Diversity Productivity
SR : o Behavior Abunidarice Decomposition
-tapatial disansion Growth - development Intraspecific interactiorts Nutrient cycli
i T F T AL 5 Structure - morphology Successional patterns " Food web
: . - Reproduction Spatial structure Energy flop

Survival

. Blospheres
Country-side

- Ecosystem’ 3
Population : —_ )
Organism . R ¢ i
- Organ ) 5 R L
Cell ' S ™~ __
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: >

: , system’ s processes

C(temporsl 2imension)
.

AGATITTeA
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Response Time
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Navaznost

= Chemie ZP 1-4 (Holoubek)

= Environmental Pollutants (Melymuk)

= Obecna ekotoxikologie (Blaha)

= Exp. aapl. toxikologie a ekotoxikologie (kolektiv)
= seminar podzim 2019

MUNI RECETOX

28



Cviceni

4 bloky:

1.
2. terénni exkurze — COV

3.

4. laborator — bioindikace kvality pudy - pudni mikrobiologie

terenni exkurze — voda

terenni exkurze — puda

MUNI RECETOX
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Povinna literatura

= Andél (2011): Ekotoxikologie, bioindikace a biomonitoring

MUNI RECETOX

e

EKOTOXIKOLOGIE,
BIOINDIKACE
A BIOMONITORING

PETR ANDEL

30



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

Fundamentals s
Ecotox1cology

Third Edi

MUNI RECETOX
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Uvod do problematiky



Degradace ZP, hlavni problémy

= voda, puda, ovzdusi
= viz pfednasky CHZP 2,3 (prof. Holoubek)
= seminare podzim 2019

= jake vidite hlavni problémy?

MUNI RECETDO
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Degradace ZP, hlavni problémy

I\/I U I\I I R E c E T 0 X Rockstrom et al. (2009)

Climate

34



Degradace ZP, hlavni
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Degradace ZP, hlavni problémy

1.4 equal access to
ownership and control
over land and other forms

of property

14.1 By 2025, prevent and
significantly reduce marine
pollution of all kinds, in
particular from land-based
activities, including marine
debris and nutrient pollution

13.1 Strengthen resilience and
adaptive capacity to climate-
related hazards and natural
disasters in all countries

15.1 conservation, restoration and

sustainable use of terrestrial ecosystems
and their services

2.3 agricultural productivity and incomes,
secure and equal access to land,

2.4: sustainable food production systems

and resilient agricultural practices )
3.9 pollution and

contamination.

BakiTY
f———

(1 -8
o L by TEat

5 m——

A

R sl 11.3 inclusive and sustainable
L urbanization

=

BECIN MTRN

i

12.4 environmentally sound
management of chemicals
and all wastes throughout

their life cycle

16 . e ATSASHES :
L 510G HUE | GRS i
Ll SUSTAINABLE

DEVELOPMENT

GOQALS

15.2 sustainable forest management, halt deforestation,
restore degraded forests and substantially increase
afforestation and reforestation

MUNI RECETOX
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Prdmysloveé
chemikalie

cinnosti | =@ r
Produkty denni spotfeby {%ﬁ“ﬁ‘\[ﬁ“ﬁ*
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Skupiny znecist'ujicich latek

= anorganicke plyny

=  kovy

= prumyslové kyseliny

= radionuklidy

= nutrienty (ziviny, anorganicka hnojiva)

= organické (degradabilni, komunalni, fekalni)
znecCisténi

= komunalni chemie — PCPs, detergenty, mydla,

zmeékcovadila ...

= nehalogenovana rozpoustédla (alkoholy, etery,

BTEX ...)
= halogenované alifatické uhlovodiky (freony ...)

= |atky pramyslu 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 — nehalogenovaneé vs.
halogenované (patfi mezi POPSs), herbicidy]

farmaka, léCiva
produkty denni spotreby (PCPSs)
PAHSs — polycyklické aromatické uhlovodiky
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Terminologie

= kontaminant

= polutant

= Xenobiotikum

= toxikant

= toxin

= podovy / difuzni zdroj

MUNI RECETOX

HPVC

POPs

PBTs

PAHSs, 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

= cizorodé chemickeé latky a jejich degradacni produkty

* Interakce — priklady ?

MUNI RECETOX
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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:;
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
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
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environmental conditions that may affect the vulnerability of populations practice b

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 \ /
I\ll U I\I I R E c E T 0 X version of this article, available at wileyonlinelibrary.com]
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Vliiv prostredi na polutanty
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Vliiv prostredi na polutanty

= Vlastnosti prostredi

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

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

Vysledkem jsou PROCESY, které méni biodostupnost

MUNI RECETOX
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Priklad - situace v pevnych matricich
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Priklad - kovy a biodostupnost

Red OX Total concentration
= pfi aerobnich podminkach (0-800 mV) ‘E
jsou kovy ve formé volného kationtu

= pfi anaerobnich podminkach (-400-0 mV)

Solid phase {matrix mineralogy)
Potentially available

. 7w , v . E L I I N BN B B . - I BN BN BN B
jsou vysrazené, napf. v sulfidech, =
. h I ICIta neCh E - Enhanced solubility by DOC
pH 5 i*
o &d - w U
= vySSi pH — kovy jsou ve formé @
7 ry o LI - o V4 J
nerozpustnych fosfatu a uhliditanu, take Aqueous phase
se snizuje kapacita pH-dependentni CEC - f mmx
= nizsi pH — volné kationty nebo rozpustné ! Actual dissolved concentration

organokovy, stoupa rozpustnost, naopak - '

vysSi sorpce aniontovych specii 0 2 4 6 8 10 12 14
pH
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Priklad - interakce kovu s MO

MUNI

Table 7.1

Microbial Transformation of Multivalence Metals

Metals

Possible Reactions

Microorganisms Involved

References

As

Cr

Fe

Hg

Se

Reduction of As(V) to As(III)
Oxidation of As(I1I) to As(V)
Methylation of As(V) or As(lll) to
methylated As compounds
Reduction of Cr(VI) to Cr(IlI)

Reduction of Fe(lll) to Fe(ll)

Oxidation of Fe(Il) to Fe(IlI)

Methylation of Hg(ll) to methylated Hg
compounds

Reductive or oxidative demethylation of
CHs;Hg(I) to Hg(0) or unidentified Hg
compounds

Reduction of Hg(II) to Hg(0)

Oxidation of Hg(0) to Hg(1I)

Reduction of Mn(IV) to Mn(II)

Oxidation of Mn(11) to Mn(IV), or oxidation

of Mn(IT) to Mn(I1I) and then Mn(IV)
Reduction of Se(VI) to Se(1V), Se(0), or
even Se(-11)
Reduction of Se(1V) to Se(0)
Oxidation of Se(0) to Se(VI) or Se(VI)
Methylation of Se(VI) or Se(VI) to
methylated Se(-11) compounds
Reduction of U(VI) to U(IV)
Oxidation of U(IV) to U(VI)

Escherichia coli, Shewanella sp. strain ANA-3, etc.
Hydrogenophaga sp. NT-14, Rhizobium sp. NT-26, elc.
Desulfovibrio gigas, Methanobacterium formicicum, etc.

Pseudomonas maltophilia O-2, Shewanella putrefaciens
MR-1, etc.

Geobacter merallireducens, Desulfuromonas
acetoxidans, Shewanella putrefaciens, etc.

Leptothrix ochracea, Gallionella ferruginea, etc.

Desulfovibrio desulfuricans LS

Desulfovibrio gigas, Escherichia coli, elc.

Pseudomonas aeruginosa PU21

Escherichia coli

Geobacter merallireducens, Desulfuromonas
acetoxidans, Shewanella putrefaciens, etc.

Leptothrix discophora strain SS8-1, Bacillus sp. SG-1,
etc.

Thauera selenatis, Enterobacter cloacae SLD1a-1,
Desulfomicrobium sp., etc.

Thauera selenatis

Bacillus megaterium

Enterobacter cloacae, Pseudomonas strain Hsa.28, etc.

Geobacter, Shewanella, Desulfovibrio, elc.
Acidithiobacillus ferrooxidans, Thiobacillus denitrificans

Stolz et al. (2006)
Stolz et al. (2006)
Stolz et al. (2006)

Cheung and Gu (2003)
Nealson and Saffarini (1994)

Emerson (2000)
Barkay et al. (2003)

Barkay et al. (2003)

Barkay et al. (2003)
Barkay et al. (2003)
Nealson and Saffarini (1994)

Tebo et al. (2005)

Schrisder et al. (1997); Hockin and
Gadd (2006)

Schriider et al. (1997)

Sarathchandra and Watkinson (1981)

Ranjard et al. (2003)

Wall and Krumholz (2006)
DiSpirito and Tuovinen (1982);
Beller (2005)




Priklad - interakce organickych polutantu s MO

= evoluéni strategie MO v kontaminovaném prostfedi = interakce a transformace chemikalie

s ,cilem” energetickeho profitu, rastu ¢i snizeni toxicity resistence - cela fada
kontaminantu je transformovana MO
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Co je to ekotoxikologie ? - pr———

Véda na pruniku ekologie
a toxikologie studujici a
hodnotici primeé i neprimé
ucinky prirodnich i umeéle
vytvorenych skodlivych
chemickych latek a
pripadné dalSich stresoru
na zivoCichy (kromeé
clovéka), rostliny a
mikroorganismy na vsech
urovnich biologicke
organizace.

MUNI RECETOX
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Ekotoxikologie

= Siroka Skala pfristupu

Rozdéleni podle pouziti BIOSYSTEM
modelovych nebo realnych . - .
systémd modelovy |prirozeny
modelovy |A B
toxikologické |terénni
testy pokusy
TOXIKANT — .,
prirozeny |[C D
transplant. terénni studie
pokusy bioindikace
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Cile ekotoxikologie

védeckeé cile:

= zisk znalosti a védomosti, popis a analyza, poznani a porozumeéni déjim, procesim, zakonitostem a mechanismum
tykajicich se
ucinkd kontaminantu (pfipadné dalSich stresoru) na biotu, osudu a biodostupnosti kontaminantu v prostfedi a expozice
organismu

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

= vyuzit ziskané poznani a vytvofené metody k
efektivni a racionalni ochrané ZP a bioty pfed ucinky chemickych latek a dalSich stresor

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

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

= navrhy limitd a noveé legislativy

MUNI RECETOX 50



Ekotoxikologie versus ekologie

Ekologie

Ekotoxikologie

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

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

Studuje spisSe "fyziologické" (pfirozené)
stavy - vlivy béznych faktort prostfedi —
teplota, vihkost, svétlo

Studuje nefyziologické stavy —
neprirozené latky v prostredi, nadmeérné
pusobeni fyzikalnich stresoru (hluk,
zareni, stavby ...)

Ekologie vychazi z polnich
(ekologickych) studii

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

MUNI RECETOX
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Interakce toxickantu a biosystemu

Environmental Processes Proparties of

factors and and chemical

responses outcomes invelved

Source Pollutant Physical
| {solid, liguid, gas eic.)
¥

Envircnmental Blochemical pathways Physicochemical

distribution and and fluxes {water solubility,

transformation

SN

Air Water Soilsediment

yapour pressure,
transformation etc.)

Environmental levels

Exposure i Biochemic_al and
and uptake physiological
Qrganism {bicaccumulation
| biotransformation etc.)
L]
Organism Lethality and | Physiclogical
response sublethal conditions {lethal toxicity,

|

sublethal toxic
effects reduced
reproduction etc.)

Population,
community
and ecosystem
response

Modified population
characteristics
and dynamics

Modified community
structure and functicn

l

Ecological

{altered species,
diversity changes

in predator-prey
relationships, altered
raspiration to
photosynthesis
ratio,altered nutrient
dynarmics etc.)

Change in ecosystern furction

I\/I U I\I I R E c E I 0 X Fig. 2.1 Relationship between the propertics of an ecotoxicant and is interaction with
CCosysLems.




Interakce toxickantu a biosystemu

Vatup
stresoru do ekosystému
S > :
- (bio)degradace detoxikace
- transformace

Vatup do Zivého organizmu

¥
F L F -
Biotransformace detoxikace
indukee enzymi vylouéeni / uloZeni
(GaT, MFO, hydrolazy,
enzyiny reparace DRAY
ol
Y - fosfolipidy bunéinych membran
. - tetmbranove receptory
Molekularni misto - tmnéing receptory
toxického plisobeni - igove enzymy
> - hiochermiclks integrita
- iontova, pH a redoznd rownowaha

Biochemické parametry plsobeni

- gtresove proteiny (Hap, metalothiotening

- nditzatory narifend metabolismu (zasoby ATP )
- inhihice a mmény enzymovych aldnnt

— - narufeni iontoveé, pH, redoznd rovnovahy

- mmény signalovani wimer hufilearm
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Interakce toxickantu a biosystemu

MUNI RECETOX

Organismus (fyziologie a chovani)

.
— : _ 4 »
Plizobeni na urown organismu reparace
- pogkozend chroraosorad, bunééngé leze a nekrozy detoxilcace
- tetabolistins (respirace, fotosyrdéza) loutend § ulefeni
- riist a moEnosti pro st (scope for growdh) WyLULENL £ e ZEnl
— - indukce nadony, teratogenita, endokrinni disrupee
- reprodukéni (nejispédnost, rmnosmpreseftoxdeita
- zrnény chorednd a pijron potraey, adaptace
- mortalita
h 4
Populace
»
g _ B
Piszobeni na urownit populaci reparace
- prpulafnd hustota & deraografie migrace / introdukce
- produlktrata, rosmnoZovaci dspédnost
- Znény w genetice populac
— - zmény kompetice
¥
spoledenstva
.
— : 4 » : —
Plizobeni na urown spolecenstey resistence f resilience
- prenos energl a heaoty
- stadinr sukcese
— - zmény chemickych parametri
h 4
Elosystém




Typy efektu a urovné pusobeni

Uroven Priklady typt ucinkd a hodnocenych parametra (endpointt)
biochemicka/ « interakce s enzymy (dehydrogenaza, B-glukosidaza, nitrogenaza, acetylcholinesteraza, glutathion-S-transferaza, peroxidaza...)
molekularni * oxidativni stres (glutathion, lipidni peroxidace...)
» biochemické markery (heat shock proteiny, cytochrom P450, etoxyresorufin-O-deetylaza - EROD, metalothioneiny...)
* genotoxicita (testy genotoxicity s mikroorganismy, rostlinami, zivocichy)
» naruseni membran (integrita a fluidita membran nepolarni nark6zou, naruseni iontovych pump &i transportnich systémd...)
« interakce s receptory (AhR receptor...)
bunécna « vitalita a funkce bunék (studium hemocytt, coelomocytt, po€itani bunék, déleni a rast mikroorganismu, hodnoceni spermii ...)
* bunécéné déleni
* naruseni proteosyntézy
individuélni o pfezivani (testy mortality, testy kliCivosti...)
» nekrézy, 1éze, onemocnéni (pozorovani organismu na konci testu...)
 pfijimani potravy
« fyziologie (hodnoceni neurotoxicity ...)
» energeticky metabolismus
» chovani (Unikové testy...)
« aktivita (méfeni fotosyntézy u rostlin...)
* rUst (testy inhibice rustu ...)
» bioakumulace
populace » populaéni dynamika — mortalita, natalita, reprodukce (reprodukéni testy toxicity ...)

« fitness populace (vicedruhové kompeticni testy...)
« rlst populace (rust specifickych skupin mikroorganismi, vice-generacni testy...)
» prostorovy vyskyt populace v terénu, bioindikace

spole€enstva

e biodiverzita a struktura spolecenstva

e vztahy

» fungovani

« stabilita spoleCenstva

 selekce rezistentnich druhd, vznik tolerance

« vyuziti indikatorovych druht — citlivé druhy na dany typ stresu

ekosystému

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

» dekompozice (méfeni rozkladu organickych rezidui...)

 energeticke toky

« bilance (uhlik vazany v biomase...)

» vyvoj (hodnoceni sukcese...)

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

I '"REVETUX
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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 (KERS)

Chemical Macro-Molecular Cell Tissue Organ Organism Population
interactions Response Response Response Response Response
Molecular Ke Ke
Initiating ——> y —> y Adverse Outcome
Event 1 Event 2
Event
In chemico —
T In vitro, Ex vivo In vivo
In silico « —

Field and observational

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



Terminologie

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

MUNI RECETOX
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Nebezpecnost versus riziko

= Riziko = pravdépodobnost, ze za dané situace dojde ke

Skodlivému (negativnimu) pusobeni na hodnoceny system

v

. Environmental Risk Assessment (ERA)
Hazard VS. 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 ‘ ‘
A
Identifikace nebezpecnosti (2) Hazard (3) Exposure
] characterisation characterisation
h * I ¥ I
Hodnoceni expozice ldentifikace G¢inku(-i) s (4) Risk characterisation
| | :
* i ¥
) - (5) Risk management strategies
Charakterizace rizika
* Y
(6) Overall risk evaluation and conclusions
Interpretace
v
Overall Risk Management, including
— Post Market Environmental

Monitoring (PMEM)

MUNI RECETOX




Systemovy pristup

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

= celek je vic nez soucet Casti

= stupnovité (hierarchické) usporadani

= celek 1 jeho Casti se vzajemne ovlivauji

= systém ma vstup a vystup a s okolim si vyménuje energii, hmotu,
Informace

MUNI RECETOX
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Ekosystéem

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

= Tvori zakladni strukturné funkcni jednotku krajiny i celé biosfery

= Je prostorovy utvar, v némz bioticke (zive) a abiotickeé (neziveé)
slozky jsou vzajemne propojeneé rozmanitymi vztahy

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

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

MUNI RECETOX 60



Studium ekosystému je multidisciplinarni

Védy studujici biotické slozky ZP:

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

Veédy o abiotickych slozkach:

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

Viiv ¢lovéka, antropogenni zasahy:

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

MUNI RECETOX
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Hlavni pojmy

= ekologicka nika

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

= negativni zpétna vazba

= strukturni versus funkcni parametry

= biodiverzita

= Dbioindikator, biomonitoring

= sukcese, klimax

MUNI RECETOX
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Ekosystemy - biomy

= tundra

* tajga

= opadave listnaté lesy

= vzdyzeleny subtropicky a tropicky les
= step

= savana

= tropicky destny prales

= poust

MUNI RECETOX



Ekosystemy - biotopy

_

Katalog biotopii Ceské republiky

Milan Chytry * Tomds Kucera = Martin Koci
editofi

MUNI RECETOX

formacni
skupiny L Lesy

Vodni toky a nadrze

Mokrady a pobrezni vegetace
Pramenisté a raseliniste

Skaly, suté a jeskyneé

Alpinske bezlesi

Sekundarni travniky a viesoviste
Kroviny

Lesy

Biotopy silné ovlivnéné ¢lovéekem

Vv
M
R
S
A
T
K
L

X

zakladni LS~ Buciny
jednotky
podjednotky L5.4 Acidofilni buciny
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Vztahy v ekosystémech

radiation
ENCTRY

inorganic
substances

primary
producers
{autotrophic

plants)

biophyte
consumers
[ (plant-caters,
F I“.D &
parasites)

2

*WM

decom-

Figure 5.1.3 Food chain and energy flow

Figure 6-7

The bioaccumulation
and biomagnification
of PCBs in the Great
Lakes aquatic food
chain. (Source: The
State of Canada’s Envi-
ronment. 1991.
Orrawa: Government
of Canada.)

Uptake

Excretion
and lysis

Mineralization -

FIGURE 6.1 The microbial loop in

microbial loop represents a pathway in which the dissolved organic

products are efficiently utilized. The

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.)

Grazing

Grazing

the planktonic food web. The

role of bacterioplankton is to

Ra

Herring gull eggs
124 ppm

Lake trout
4.83 ppm

Rainbow smelt
1.04 ppm

Zooplankton
0.123 ppm

Phytoplankton
0.0025 ppm
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Toky latek a enerqgii

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

MUNI RECETOX
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Prime a neprimeé ucinky

. B 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

I\II U I\I S. White and C. Stierwalt.) Knight et al. (2005)
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Resilience aresistence

Resilience
= schopnost obnovit své vlastnosti po nejaké zmene / naruseni

Resistence
= schopnost odolavat vuci pusobicimu stresu

= pfi definovani je tfeba definovat vuc¢i Cemu, vuci jakému druhu
stresu — neni zadna obecna resilience/resistence
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Ekologické principy

= zakon minima
= zakon tolerance
= + biogeograficka pravidla
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Zakon tolerance
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Zakon tolerance

3

non-essential
element

tolerable optimum essential trace element

relative growth

poison Loxic toxic

fatal

element concentration

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 néjakou roli

= ve stopovych mnozstvich jsou nezbytné (= esencialni) pro rust a metabolismus, ale ve
vySSich koncentracich mohou mit na organismy inhibiéni ucinek a ve vysokych
koncentracich se mohou stat toxickymi

= toxickeé kovy (# ne-esencialni) = nemaji zadnou znamou biologickou funkci - Ag, Cd, Sn,
Au, Hg, TI, 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 uvnitf populace druhu

= jednotliva obdobi v Zivoté jedince
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E k O S y S t é m O V é S I u 2 b y http://www.fao.org/soils-2015/en

= dopady na ¢lovéka

= holisticky pristup
= priklad - puda
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https://www.soil-journal.net/2/111/2016/soil-2-
111-2016-supplement.pdf
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Ekosystémove sluzby

= v ekosystémech je vSechno propojeno

= priklad netopyrfi: Insectivorous bat populations, adversely impacted by
white-nose syndrome and wind turbines, may be worth billions of dollars to
North American agriculture

LS

‘5
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The worth of insectivorous bats. Estimated annual value of insectivorous bats in the agricultural industry at th
county level. Values (x$1000 per county) assume bats have an avoided-cost value of ~$74/acre of cropland (12)

I\/I U I\I I R E c E T 0 X Boyles et al. (2011)  (see som for details)
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