Testovani ekotoxicity - BIOTESTY
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Ekotoxikologicky biotest
"Experimentalni (zpravidla laboratorni) metody stanoveni toxického
pusobeni stresoru (toxickych latek) na pfirodni organismy"

'\
1) Standardni biotesty
2) Alternativni biotesty Laboratorni
3) Dalsi biotesty (specifické mechanismy, in vitro testy) > e!(OtOXIKOIOQICke
biotesty
4) Testy procesu (biodegradabilita, bioakumulace ...)
5) Testy organoveé toxicity s laboratornimi zviraty /
obratlovci, savci "humanni toxikologie"
~
6) Experimentalni mikro a mezokosmy by
> hodnoceni
) _ efektu
7) Polni studie )




EXPERIMENTALNI HODNOCENI EKOTOXICITY

ey
=
n
S,
g
o
Q
3
=
=
o Multispecies
<
//‘/%,, Chronic
Acute Single Specles
, : . Interspecific Community level Ecosystem Successional
Pre-reproductive Reproducion .. actions  intoractionsw/ _ interactions  States

abiotic factors

Proportion of Lifespan and System Complexity

Figure 3.9 Classification of toxicity tests in environmental toxicology. Generally, the two

parameters that are involved are the length of the test relative to the test organism
and the species composition of the test system.




STANDARDIZOVANE BIOTESTY

« Béhem Casu byly vypracovany metody, které jsou
evidovany, doporucovany nebo realizovany v ramci:

- organizaci evidujicich standardy
(ISO.org, CSNI.cz, ASTM.org ...)

- dalSich (mezi)narodnich organizaci (OECD.org, WHO.int,
Evropska Unie — ecb.jrc.it, US-EPA — EPA.gov, narodni
viady a zakony ...)

« Existuji standardizované postupy pro hodnoceni
jednodruhovych, vicedruhovych efektu i hodnoceni
polnich experimentu a sledovani




= Standardizace

— maximalni standardizace kroku experimentalniho postupu s cilem
omezit faktory "intra-laboratorni" variability

— Detailni popis vSech kroku (Standardni Operacni Procedury — SOPs)

= Validace (validovany postup, biotest)

= validovany biotest, tj. postup jehoz vysledky byly srovnavany a
oveérovany ve vice laboratorich (okruzni testy, srovnavaci studie ...)

= Prokazano, Ze v rlznych laboratofich poskytuje srovnatelné vysledky




STANDARDNI (standardizované) BIOTESTY

= Vyhody standardnich biotestu
— zarucCeni jednotnosti a opakovatelnosti vysledku

— validované vysledky (viz dale) jsou vhodné pro ROZHODOVANI
(stanoveni limitda pro prostredi, sanace, pokuty ...)

— Lze pracovat pfimo s vyuzitim dostupné ,Standardni procedury”

= Celarada nevyhod (viz také dale), zejména:

— omezena vypovidaci hodnota ("akutni letalita pro Daphnia”), vhodné
jen pro zarazeni (klasifikace) toxicity latek (vice vs. méne toxicke ...)

— omezeny pocet standardizovanych postupu, zpravidla jednoduché
(akutni) efekty




« Jaké vlastnosti ma mit ,modelovy“ organismus pro
standardizovany biotest ?

» snadna dostupnost (laboratorni kultury, komercni dostupnost ...)

»= snadné uchovani a chov v laboratornich podminkach do
dostateCnych mnozstvi pro experimenty (rychly reprodukeni cyklus)

= Znama biologie druhu a genetika prislusné kultury y
= jsou prostudovany relativni citlivosti druhu / kultury k rGznym
tridam toxickych latek
= citlivost druhu by méla byt dobrym reprezentantem pfislusné skupiny
organismu
» Daphnia 2 korySi/ bezobratli
= ZebriCka 2 kaprovite ryby / obratlovci




STANDARDY : Globalné nejvyznamnéjsi jsou OECD Guidelines
http://www.oecd.org

Search oecd.org Q

OECD Home Falololl]s Countries + Topics > Frangais

) OECD

BETTER POLICIES FOR BETTER LIVES

OECD Home Chemical safety and biosafety = Testing of chemicals = OECD Guidelines for the Testing of Chemicals

OECD Guidelines for the Testing of Chemicals

» Assessment of chemicals

» Risk management of chemicals What's new?

» Chemical accident prevention,
preparedness and response The OECD releases 17 new, updated, corrected or deleted Test Guidelines accepted internationally as standard methods for safety testing. These Test Guidelines
are regularly updated to reflect scientific and technical progress. They determine physical and chemical properties, effects on human health and wildlife,

3 Pollutant release and transfer environmental fate and behaviour, and pesticide residue chemistry.

register The release contains:

» Test Guidelines to address the Safety of Nanomaterials ( TG 412, TG 413 > A Test Guideline to measure the toxicity of chemicals to organisms essential
» Safety of manufactured and TG 318 - Read more) to the proper functioning of sewage-treatment plants (TG 244)
LR » Test Guidelines to better characterise the effects of chemicals on bees or » Corrected Test Guidelines for Eye Hazard Potential to include a new

other pollinators (TG 245, TG 246, TG 247) reference to a Guidance Document on integrated Approaches to Testing and
o A‘-_‘”“"t“ra' PR BRI > Test Guidelines that use less animals to determine acute inhalation and acute ~ /ASsessment (TG 405, TG 437, TG 438, TG 460, TG 491 and TG 492)
Dl dermal toxicity (TG 433 and TG 402) > The cancellation of TG 415 on the One-Generation Reproductive Toxicity

) . > A Test Guideline on in vitro methods for skin sensitisation, updated with an SULE T LT ITE TR LA SR LS L0 L T IR e ] SR e BTIE 2T
> Biosafety - BioTrack additional assay (TG 442E) are available to address current regulatory needs.




OECD Guidelines — sekce ,2* Effects on biotic systems (= Ekotoxikologické testy)

(2013 - celkem 37 standardizovanych navodu v této sekci; dal§i sekce napf. humanni toxicita)

.

Detaily k vybranym (nej¢astéji uzivanym) testim - viz dale

You are here: Home / Books [ QECD Guidelines for the Testing of Chemicals, Section 2

3 F A = OECD Guidelines for the Testing of Chemicals
gECéD Ggldellnes for the Testing of Chemicals, ) Subscribe to the feed
ection
Effects on Biotic Systems
CECD: Hide / Show Abstract

QECD

Guidelines The OECD Guidelines for the Testing of Chemicals is a collection of about 100 of the most relevant

> :;"r.:r.z;',t::wlh internationally agreed testing methods used by government, industry and independent laboratories to identify
Efrﬁgfl‘ Z and characterise potential hazards of new and existing chemical substances, chemical preparations and
g‘;b‘ffi]': chemical mixtures. They are a set of tools for professionals, used primarily in regulatory safety testing and
subsequent chemical and chemical product notification and chemical registration. They can also be used for

@) the selection and ranking of candidate chemicals during the development of new chemicals and products and in

toxacology research. This group of tests covers effects on biotic systems.
ISSH : 2074-5761 (online)
DOl = 10.1787/20745761

Also available in: French

Hide / Show all Abstracts

Mark Date Title
[[1 26 July 2013 Test No. 236: Fish Embryo Acute Toxicity (FET) Test @ POF {J READ
QECD
[[1 26 July 2013 Test Mo. 237: Honey Bee (Apis Mellifera) Larval Toxicity Test, Single Exposure epDF Q READ
OECD
[ 26 July 2013 Test No. 210: Fish, Early-life Stage Toxicity Test ngF {J READ
QECD
[[] 02 Oct 2012 Test No. 211- Daphnia magna Reproduction Test epDF ©) ReAD
OECD

[ 02 Oct 2012 Test No. 229: Fish Short Term Reproduction Assay @8 oor £33 READ




ALTERNATIVNI EKOTOXIKOLOGICKE BIOTESTY

= Alternativni ekotoxikologické biotesty
— oznadeni pro biotesty, které (doposud) nebyly zcela VALIDOVANY a
akceptovany regulujicimi organizacemi (viady, zakony)
— vypovidaci hodnota vSak zpravidla koreluje se "standandardnimi” testy

— Vlastnosti alternativnich testu:
miniaturizace (Setreni materialem, vzorkem ...)
dobra dostupnost organismu bez nutnosti dlouhodobych kultivaci

— uchovani dormantnich stadii (cysty ....) napf. v lednici
rychlost a jednoduchost

N&kdy oznadovany jako MIKROBIOTESTY

VaD

— vyuZzivany v radeé laboratori sveta, postupna validace
— fada "méne tradi¢nich organismu” — prvoci, virnici ...




Stanoveni ekotoxicity

EKOTOXIKOLOGICKE BIOTESTY
-EXPERIMENTALNI DESIGN -

(Na co vse je treba myslet pri experimentech ?)




Ekotoxikologické testovani — EXPERIMENTALNI DESIGN

. Fada charakteristik shodna pro testy v AKVATICKEM a
TERESTRICKEM prostiedi

« Zakladni parametry,
které charakterizuji biotest, a ktere je nutno evidovat, zaznamenat

a zohlednit
ke kazdému bodu — viz dale

« Komplexnost biologického systemu

* Doba expozice

« Usporadani expozice

 Expozicni scenar

* Biologicky systém — organismus, druh

» Dalsi specifika biologickeho systéemu

* Hodnoceny parametr, endpoint

» Dalsi abiotické faktory v experimentu

» Qvéreni expozice (chemicka analyza testované latky v prubéhu testu)




EKOTOXIKOLOGICKE BIOTESTY

« Komplexnost biologického systému
= jednodruhoveé, vicedruhové testy, testy vySsich stuprnu (mikrokosmy..)

« Délka expozice

» akutni — sub-chronicka (sub-letalni) — chronicka

» Konkrétni délka zavisi na generacni dobé organismu (bakterie <<<
pstruh), klasifikace neni zcela jednotna. Déleni zpravidla na:

= akutni = 24, 48 az 96 hod, zpravidla hodnoceni |etality
= chronické — dny, tydny az meésice,
hodnoceni letality a neletalnich efektu (rast, malformace ...




Srovnani vysledku akutni a chronické toxicity

Pro vétsinu ,,nespecificky“ pusobicich latek plati:
chronické testy: EC50 cca 10x nizSi nez akutni

Priklad Cu: - hodnoty EC50 (akutni vs. chronické testy) pro rizné druhy
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EKOTOXIKOLOGICKE BIOTESTY

« Usporadani expozice - vymeéna testovaného vzorku

 akvatické testy

» statické (bez vymény roztokii - mozné zmény koncentraci, kysliku)

» statické s obménou média (vyména v definovanych ¢asech, & 24 h)
 recirkulacni (recirkulace média, technicky naro¢néjsi ...)

» pruto¢né (kontinualni udrzovani koncentraci, technicky naroéné ...)

« testy toxicity sedimentu

» terestrické testy
« zpravidla jednorazové davkovani = staticke




EKOTOXIKOLOGICKE BIOTESTY
 ExpoziCni scénare

(jakym zpusobem je organismus vystaven latce?)

= Scénare pro akvatické testy

= obvykle expozice celych organismu (pfijem povrchem téla,
dychacim aparatem, potravou)

- meéné Casto- méne relevantni: jednorazové injekce — spise
farmakologické studie (ryby, vstup a davka nejsou ovlivhény
prostredim)

- testy zahrnuji vSechny vyznamné skupiny organismu podle
trofickych urovni — viz take dale: priklady
rostliny (producenti),
zZivocichove (konzumenti),
bakterie (destruenti, dekompozitori)




EKOTOXIKOLOGICKE BIOTESTY

 Expozicni scénare

= Scénare pro terestrické testy

- puda, sedimenty — bakterie, bezobratli — kontakt celym povrchem
(testy primeho kontaktu - solid phase tests)
- rostliny — koreny - kontakt s pevnym nebo kapalnym mediem,
expozice plynnym polutantiim ze vzduchu
- terestricti zivoCichove - specifické expoziCni scénare:
- injekce ("klasicka" toxikologie — obratlovci — laboratorni hlodavci,
ptaci), i.p. /i.m./i.v./ s.c.
- potrava — davkovani v potravé, aplikace gavazi (trubice primo do
Zaludku)
- respirace — kontaminace vzduchu — uzaviené nadoby/cely, inhalace

- Casto lze realné predpokladat nékolik expozi¢nich cest

W Eg WEW S

experimenti




EKOTOXIKOLOGICKE BIOTESTY
« Vybeér biologického systému - organismu

= zavisi na CILECH stanoveni:
= jasné definice cilu —
= "ochrana hospodarsky vyznamnych druhd ryb”,
» "ochrana kvality pady — aktivity pudnich mikroorganismu”,
» ,ochrana vody pred toxickym odpadem" ...
= organismus je reprezentantem dalSich Zivych organismu

= PRAXE - testovani latek:

» QOrganismus, typ expozice atd. - pfedepsan prislusnym zakonem /
standardem / normou

= Vyzkum
» Lze (samoziejmé&) definovat podle zameru/hypotézy vyzkumu




EKOTOXIKOLOGICKE BIOTESTY

- Dalsi specifikace biologického testovaciho systému

» vysledek stanoveni toxicity a interpretaci ovliviiuje rada dalSich
biologickych parametru — viz diskuze v ¢asti ,, Toxické efekty”

= geneticky podminéna citlivost prislusné kultury / klonu / variety ...
= velikost a stari jedincu
= pohlavi
= vyvojove stadium (vajiCka, embrya, larvy, dospélci ...
» Fyziologicky stav a dalsi podminky
— optimum (choroby, potrava — antioxidanty ...)




EKOTOXIKOLOGICKE BIOTESTY

« Hodnoceny biologicky parametr, endpoint

= biotesty akutni toxicity

= zivocichové - nejcastéji hodnocenym parametrem je letalita,
dale imobilizace (Daphnia)

= autotrofové — rasy: rust, déleni, mnozstvi chlorofylu
(fluorescence), rostliny cévnaté — kli¢eni, rust

» destruenti — bakterie: rust, metabolicka aktivita ...

= biotesty chronické toxicity

= Zivocichové — neletalni parametry — rust, reprodukéni schopnosti
a uspésnost (testy reprodukce), specifické efekty - teratogenita

= autotrofové — cévnaté rostliny — kli¢eni, rast, tvorba
gamet/semen, rozmnozovani ...




EKOTOXIKOLOGICKE BIOTESTY

« Vyznamné abiotické faktory v experimentu

Je tfeba je vzdy evidovat a hlidat (!), predepsany ve standardech (napr.
obsah kysliku v prubéhu akvatického testu)

= teplota
= svetlo, svetelna perioda 0000~ Lo
*= obsah a pristup kysliku ! Total hardness of
5000 water as CaCQ4
- pH © 12 mg/L pH 6.6—-8.7
- 40 50 L
= tvrdost vody — vliv na S 805361 59 por gt

biodostupnost kovu

Median survival time {min)

(akvatické experimenty) 1000r
= slozZeni pudy 500|-
(obsah org. uhliku — vliv
na biodostupnost) 200}
ool | .

0.5 1| 2 510 10153520 ﬁo

Zinc concentration (mgsL)

Fig. 2. [
9.2.9 The effect of water quality on the survival of rain bow trout (Saimo

gairdneri) exposed to zinc sulphate. (From Lloyd, 1960.)




EKOTOXIKOLOGICKE BIOTESTY

« Oveéreni expozice

Ovéreni, ze nedochazi ke ,ztratam® v prubéhu expozice a ze je zajisténa stabilni
koncentrace:

Ztraty: sorbce na plast testovacich nadob (organicke latky)
sorbce na sklo (kovy)
degradace / fotodegradace / biodegradace

Chemické analyzy testovanych latek
(vzdy pozadovano ve standardnich testech)

- start expozice vs. ukonCeni expozice

- nejruznéjsi analytické metodiky — v souCasnosti nejcastéjSi chromatografie
- kapalinova (latky polarni) / plynova (nepolarni)
- koncovka: nejmodernéjsi — hmotnostni spektrometrie

- analyzy kovu — atomova absorbCni spektrometrie, ICP / MS a dalSi




Biotesty - priklady

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpo¢tem Ceské republiky.
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EKOTOXIKOLOGICKE BIOTESTY
- PRIKLADY — PRODUCENTI -




Ekotoxikologické biotesty - producenti
AKVATICKE PROSTREDI

o Klicové k
Rasové testy toxicity zapavmatovélni: v
. vyzZnaceno zeiene
Expozice 72-96 hod,

Hodnoceni rustu (pocitani bunék, absorbance, fluorescence)

- standardni usporadani
-Erlenmayerovy lahve, trepani

- miniaturizace

- mikrodestiky m

Rasy
Pseudokirchneriella

subcapitata

(=Selenastrum capricornutum)
Scenendesmus quadricauda
Chlorella vulgaris

Sinice
Microcystis aeruginosa




UTEX # 20
20 pm Chiorella ellipsoideq {
-1 1000% 04 Erighafieid

Sinice (cyanoBAKTERIE)
Microcystis aeruginosa

=

10 pm

NIES-35 Pseudokirchneriella subcapitata s




Table 4.4 Summary of Test Conditions for Conducting Static 96-h Toxicity Tests with

Microalgae

Test type

Static

Organisms

Mumber of organisms
per chamber (£10%)

Experimental design
Test vessel type and size
Test solution volume

Mumber of replicate chambers
per sample
Test duration

Freshwater species: Selenastrum capricornutum,
Scenedesmus subspicatus, Chlorella vulgaris,
Microcystis aeruginosa, Anabaena flos-aguae,
Navicula pelliculosa;

Saltwater species: Skeletonema costatum,
Thalassiosira pseudonana, and Dunaliella tertiolecta

Selenastrum capricornutum and 2 x 10¢ cells/m|
other freshwater green algae

Navicula peliicufosa 2 » 10% cells/ml
Microcystis aeruginosa 5 x 10% cells/mi
Anabaena flos-aquae 2 x 10# cells/ml
Saltwater species 2 x 10¢ cells/ml

Sterile Erlenmeyer flasks of borosilicate glass, any size

Not to exceed 50% of the flask volume for tests
conducted on a shaker, and not more than 20% of the
flask volume for tests not conducted on a shaker

2 Or more

96 h



TESTY EKOTOXICITY S RASAMI (pokra&ovani)

Physical and chemical parameters
Water temperature

Light quality
Light intensity

Photoperiod
Test solution pH

Endpoint

24 + 2°C for freshwater green and blue-green algae

20 = 2°C for Navicula pelliculosa and other saltwater
algae

Continuous “cool-white” fluorescent

Should not vary by more than +15%:

B0 pE m-%/s' (4300 Im/m?2) for freshwater diatoms and
green algae

30 pE mE/s1 (2150 Im/m?) for freshwater blue-green
algae

82-90 pE m3/s-' {5900 to 6500 Im/m?2) for Thalassiosira

60 PE m#/s-' (4300 Im/m?) for Skeletonema

14 h light10 h dark for Skeletonema

7.5 % Q.1 for freshwater

8.0 £ 0.1 for saltwater

Biomass, cell number, area underneath the growth curve




ALTERNATIVNI TESTY - fasy

Rasové testy toxicity

Alternativni mikrobiotest
-miniaturizace

-rychla dostupnost zivych ras
(dlouhodobé uchovani :
alginatove kuliCky)

ALGALTOXKIT (TM)

P. subcapitata
(Selenastrum capricornutum)

ALGALTOXKIT F™
MICROBIOTESTS

Cost-effective, culture/maintenance free® hioassays
with the micro-algae Selenastrum capricornutum
{renamed Baphidocoells mbeapiicla Prewlokirchertella subrapliaia)

The micro-algae
are included in
the kits in “algal

Algal beuls (2 mm)
= | million algal codls par bend I:'I "[d'ﬁ'u ﬂ'ﬂ m
Lets N b
l which they can be
set free “on
demand”™

Each Algaltoxkit

contains all the materials
Lo perform two

72h growth inhibition tests




Priklad — ekotoxicita cytostatik
(Zounkova et al. 2010 Chemosphere 81:253-260)

Structure

Metabolite of S-Muorouraal

5-Fluorouracil N
D)\'N

. 0
Cytarabin (5‘
o 0
o Metabolity

N.-"
Gemcitabin /ﬁ

Metabolite of cytarabine

Metabolite of gemcitabine




Inhibice rustu ras — cytostatika
(Zounkova et al. 2010 Chemosphere 81:253-260)
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Fig. 1. Ecotoxicity {concentration-response curves) of the studied cytostatic drugs
and their metabolites. (A) Daphnia magna acute immobilization test. (B) Growth-
inhibition test with Desmodesmus subspicatus. (C) Growth-inhibition test with
Pseudomonas putida. 5-FU: 5-fluorouracil, CytR: cytarabine, GemC: gemcitabine,

FBAL: at-fluoro-f-alanine, dFdU: 2'.2'-difluorodeoxyuridine. Compounds, which did
not induce significant toxicity are not presented in respective plots.




Ekotoxikologické biotesty - producenti
AKVATICKE PROSTREDI

Akvaticky testy toxicity s okifehkem (Lemna minor)

- standardni usporadani

- 1 tyden (7dni)

- kadinky

- vyhodnoceni ristu (pocty listktl) — srovnani s kontrolou




Ekotoxikologické biotesty - producenti

Test toxicity s terestrickymi rostlinami

- nejjednodussi usporadani (viz cviceni)
- petriho misky s vlh¢enym podkladem
- pfidavky testovaného vzorku (+kontroly)
- expozice dny-tydny
hodnoceni : kli€eni a rast rostlin

- modifikace

-realizace v hydroponickych
roztocich, v standardni pudé

o procinich vzorkis S0 i
testovéni pfirodnich vzorkd ! O

pudy ...
Zastupci 2
Dvoudéloznych ...

HorcCice bila, Bob sety, Salat S
Jednodéloznych...

Obilniny (jeCmen)

Ohr, 9 Kin ﬂlf'-‘.ﬁl'fl'fl.ll}.fn' (1 - na zaci 1[ku pokusuy, 2a 3 - F'T"'" deni po s, 4a 5 - 'd-l!'l.il]'l}'
dihi pokusu, 6 4 7 - treti defi pokusw.) b - hypokotyl
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Toxicita PAHs a jejich N-derivatl pro rostliny
(Paskova et al. 2006 Environmental Chemistry and Ecotoxicology 25:3238-3245)

phenanthrene benzo[A]quinoline phenanthridine

A A
N7 Z | ~
| =N X N

1,10-phenanthroline  1,7-phenanthroline 4,7-phenanthroline

N

anthracene acridine
(I (T N.i
fluorene carbazole

Fig. 1. Chemical structures of tested compounds.




Toxicita PAHs a jejich N-derivatu pro rostliny
(Paskova et al. 2006 Environmental Chemistry and Ecotoxicology 25:3238-3245)

Table 1. Summary of the effects of N-heterocyclic polyaromatic hydrocarbons and their unsubstituted analogues on morphological parameters
in plants (— no effect; + statistically significant difference from control at =2 pM, ++ at 0.2-2 pM, +++ at 0.02 pM; p < 0.05)

Root Hypocotyl Root Hypocotyl Total Total
Plant length length weight weight length weight  Germinability
Phenanthrene Triticum aestiviem — — — — — — —
Sinapis alba — — — — — _ _
Phaseolus vulgaris — — — — — — —
1,10-Phenanthroline T. aestivum + + + + + + +
S. alba + + + + + + +
P. vulgaris + — +++ — + — —
4. 7-Phenanthroline T. aestivim + ++ +4++ +++ + +++ —
S. alba - — — — + _ _
P. vulgaris + — — — — — —
1.7-Phenanthroline T. aestivum +++ +++ +++ +++ +++ +++ +
5. alba +4+4 +++ +++ +++ +++ +++ ++
P. vulgaris ++ ++ ++ ++ ++ ++ +
Benzo[h]quinoline T. aestivim — — +++ - — +++ -
S. alba +++ — — + ++ + ++
P. vulgaris — ++ ++ ++ ++ ++ ++
Phenanthridine T. aestivum — + + + + + +++
S. alba + — ++ + + -— —
P. vulgaris — — _ _ _ _ _
Anthracene T. aestivum — — — — — — —
5. alba — — — — — — —
P. vulgaris ++ — ++ ++ — -— —
Acridine T. aestivum + + + + + + ++
S. alba + + 44+ +4+4+ + +4+4 —
P. vulgaris — — +++ — — — _
Fluorene T. aestivum — — — — — — —
8. alba — — — — — _ _
P. vulgaris — — — — — _ _
Carbazole T. aestivum — — — — — — —
S. alba + + — — + — ++
P. vulgaris + + — — — +




Toxicita PAHs a jejich N-derivata pro rostliny
(Paskova et al. 2006 Environmental Chemistry and Ecotoxicology 25:3238-3245)

Phaseolus vulgaris Sinapis alba Triticum aestivum
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Fig. 3. Effect of 1.7-phenanthroline on total length of three different

plant species after 96 h of exposure. Box plot parameters as in Figure
2. [ =p < 0.05;: % = p < 0.01: #** = p < 0.001].




Ekotoxikologické biotesty - producenti

Hodnoceni GENOTOXICITY s vyuzitim rostlin

-usporadani
- mikroskopické hodnoceni chromozomovych
aberaci v rychle rostoucich bunkach
(korenova spicka)
- bob sety, cibule (Allium cepa)

- expozice korentl do vodnych roztoku (extraktu), nebo ptdnich vzorku

Obr. 21. Skuska na 4lfivm cepa
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Ekotoxikologické biotesty — konzumenti - bezobratli

Akvaticke testy s bezobratlymi jsou velmi bezné (nejCastejsSi
nejvice dostupnych dat - "Daphniove biotesty"

-usporadani
-kadinky, 10 zvirat v jedné varianté
(3x replikat)
-akutni testy — 24+48 h
-vyhodnoceni — pohyb (=mortalita)

-reprodukc¢ni testy 21 dni

Akvaticti planktonni korySi - nejéasté;si
Daphnia magna
Ceriodaphnia dubia, Artemia salina (morska)

DalSi bezobratli
benticti korySi — Gammarus, Hyallela azteca
hmyz — Pakomari (Chironomus), jepice ...




Daphnia magna

L

Artemia salina

N\
Ceriodaphnia dubia

Gammarus Chironomus riparius




Table 4.2 Comparison of the D. magna 48-h Acute Toxicity Test with the Common
D. magna Chronic Toxicity or Partial Life Cycle Test.

Test type Chronic (partial life cycle) Acute 48 h
Organisms D. magna D. magna
Age of test organisms 24-h old 24-h old
Number of organisms 10 10 (minimum)

per chamber

Experimental design

Test vessel type and size 100 ml beakers 250 ml

Test solution volume 80 ml 200 ml

Mumber of replicates 2 (minimum) 3 (minimum)
per sample

Feeding regime Various combinations of trout Do not feed

chow, yeast, alfalfa, green algae,
and diatoms given in excess

Test duration 21 days 48 hr
Physical and chemical parameters
Water temperature 20°C 20 + 2°C
Light quality Ambient laboratory Ambient laboratory
levels levels
Light intensity Up to 600 lux 540 to 1080 lux
Photoperiod 16 h light and 8 h dark 16 h light and 8 h dark
(with 15- to 30-min transition)
pH range 7.0-8.6 7.0-8.6
DO concentration 40-100% 60—-100%
Aeration Mot necessary none
Endpoint Survival, growth, and Immobilization

reproduction

PR




Zounkova, R., Z. Kliemesova, L. Nepejchalova, K. Hilscherova and L. Blaha
(2011). "Complex Evaluation of Ecotoxicity and Genotoxicity of Antimicrobials

Oxytetracycline and Flumequine Used in Aquaculture." Environmental Toxicology
and Chemistry 30(5): 1184-1189.

A D. magna immobilization B D. magnareproduction
100- 100- A 5
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Fig. 2. Comparison of toxicity of the studied antimicrobial drugs in the acute and reproduction test with Daphnia magna. (A) Acute immobilization test with
D. magna. (B) Reproduction test with D. magna. OTC = oxytetracycline hydrochloride (black circles), FLU = flumequine (white triangles).




Cytostatika — toxicita pro D. magna
(Zounkova et al. 2010 Chemosphere 81:253-260)

A 120 Akutni toxicita — imobilizace
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e .

5 80 1 flf

= i

N iy

= 60 F

e ——5-FU

=

E 40 ;/ -B CytR
20 | ez & --A- GemC
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Fig. 1. Ecotoxicity (concentration—-response
curves) of the studied cytostatic drugs

and their metabolites. (A) Daphnia magna
acute immobilization test.

Reprodukcni toxicita 5-FU
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Fig. 2. Effects of 5-fluorouracil (5-FU) on the
reproduction of Daphnia magna (numbers of
offsprings) in the 21-d chronic test.



Ekotoxikologické biotesty — konzumenti - bezobratli

AKVATICKE PROSTREDI

ALTERNATIVNI MIKROBIOTESTY ("toxkity") s bezobratlimi

THAMNOTOXKIT F™
MICROBIOTESTS

Flest organivms arve included in e
Kits qix “clowmman! egps rovsis) "
wirich can be Balched Von demand

With the
crustacean
Thamnocephalus
platyvurus

Contains all the materials to
perform three
42h reproduction assays

PROTOXKIT F™
MICROBIOTESTS

With the cihate
protozoan
Tetrahvmena

_ " “Ph :



http://www.microbiotests.be/

Ekotoxikologické biotesty — konzumenti - bezobratli

TERESTRICKE PROSTREDI

Pudni testy s bezobratlimi

-usporadani
- uméla puda (pisek, raselina, jil v definovanych pomérech),
- pfirodni puda (specifické vlastnosti — pH, obsah org. uhliku)
-jiné substraty (vlIhCena petriho miska...)
-akutni toxicita letalita — do 14 dni
-reprodukce - 4-8 tydnu (podle organismu)

Organismy

Cervi (krouzkovci — Zizaly Eisenia fetida,
hadatka, roupice)

Chvostoskoci (Collembola) — Folsomia candida




£ 2003 Amy Weshutn

Ziialy
Eisenia fetida

Roupice
Enchytreus crypticus

Chvostoskok
Folsomia candida




Priklad - stanoveni toxicity Cu v pudé pro chvostoskoky

Number of Juvenile O. folsomi Produced

115 a | 1 I I

NMumber of Juveniles

_ @Adult LC50 = 4.3 mg/g

Letalita pro dospélce

3
0 2 4 6 8 10
Fraction 3 in RS (ma/g)

35-d IC50 (no. of juveniles) = 1.5 mg/g

_ Reprodukéni toxicita — citlivéjsi (cca 3x nizsi IC50)




Ekotoxikologické biotesty — konzumenti - bezobratli

PUDA + SEDIMENTY

Alternativni mikrobiotest TOXKIT ( )

OSTRACODTOXKIT F™
MICROBIOTESTS
FOR SEDIMENT TOXICITY TESTING

With the

benthic crustacean
Heterocypris
incongruens



http://www.microbiotest.be/

Ekotoxikologické biotesty — konzumenti - bezobratli

TERESTRICKE PROSTREDI

DalsSi biotesty s terestrickymi bezobratlimi

VCELY

- testovani insekticidu
- davkovani v potrave
- sledovani mortality

Moucha domaci - testovani léciv: Drosophila
antiparazitika (hodnoceni aenotoxicity)




EKOTOXIKOLOGICKE BIOTESTY
- PRIKLADY -

- KONZUMENTI - OBRATLOVCI -




Ekotoxikologické biotesty vodni — obratlovci: RYBY

-Velmi dulezité (1) - nejéasté&jsi tfi testy (fasy, dafnie, ryby)
-Akvaria, specifické pozadavky pro kazdy druh
-Akutni testy 96 h
-Vyhodnoceni - mortalita

-Prolongované a embryolarvalni testy

tydny az mésice
Dlouhodobé testy - letalita, rist, rozmnozovani,
- rtizna usporadani (statické, pratocné ...)

Rybi druhy
«Zebricka (Danio pruhované - Danio rerio)
-Zivorodka duhova (pavi o&ko)
*V jinych statech:
*Medaka japonska (Japonsko)
«Jelecek velkohlavy (Pimephales promelas)- USA
*Komercni druhy (pstruh duhovy, kapr ...)




Zivorodka duhova (Pavi o¢ko), Poecilia reticulata  papio rerio (syn. Brachydanio rerio)

0¥ lnhn Finne




Test type

Static, renewal, flow-through

Organisms

Age and size of test
organisms:

Experimental design

Freshwater
Vertebrates
Frog (Rana sp.), toad (Bufo sp.), coho salmon
(Oncorhynchus kisutch), rainbow trout (Oncorhynchus
mykiss), brook trout (Salvelinus fontinalis), goldfish
(Carassius auratus), fathead minnow (Pimephales
promelas), channel catfish (/ctalarus punctatus), bluegill
(Lepomis macrochirus), green sunfish (Lepomis
cyanellus)
All organisms should be as uniform as possible in age and size
Fish: juvenile; weight between 0.1-5.0 g; total length of longest
fish should be no more than twice that of the shortest fish

Test vessel type and size Smallest horizontal dimension should be three times the largest

Solution volume
Feeding regime

Test duration

horizontal dimension of the largest organism

Depth ghﬂuld be at least three times the height of the largest
organism

At least 150 mm deep for organisms over 0.5 g each and at
least 50 mm deep for smaller organisms

Feed at least once a day a food that will support normal
function

Daphnids and midge larvae: 48 h

All other species: 96 h in static tests, at least 96 h in renewal
and flow-through test

Physical and chemical parameters

Water temperature (°C)

(©) ——

Freshwater
Vertebrates

Frog, Rana sp. (22)
Toad, Bufo sp. (22)
Coho salmon, Oncorhynchus kisutch (12)
Rainbow trout, Salmo gairdneri (12)
Brook trout, Salvelinus fontinalis (12)
Goldfish, Carassius auratus (17, 22)
Fathead minnow. Pimenhales nrnmelas (98)



Palikova, M., S. Navratil, B. MarSalek and L. Blaha (2003). "Toxicity of crude extract of
cyanobacteria for embryos and larvae of carp (Cyprinus carpio, L.)." Acta Vet. Brno 72: 437-443.

Table 1
Eggs hatching and malformations in experiment with short-term exposure

Concentration | Start of End of Numbers of hatched Percentage of
of the extract hatching hatching larvae for a day malformed larvae

(h) (h) 3rd day 4t day 5thday | (%)
high* 96 102 0 20 4 20.834
medium™ 58 102 40 142 8 2.11B
low™ 56 102 134 52 3 1.06B
control 58 102 100 87 4.5 |.568

No significant differences were found between the values indicated by the same letters. In case of their total absence

in any of the examined indices, the values are not indicated. Capitals are used for indicating the significance of
differences at the level of p <0.01. *see experimental treatment

Table 3
Egg hatching and malformations in experiment with long-term exposure

Concentration | Start of End of Numbers of hatching Percentage of
of the extract hatching hatching larvae for a day malformed larvae

(h) (h) 31 day 4t day 5t day | (%)
medium™ 58 102 160 25 I 5.384
low™ 56 102 123 64 I 3.72ab
control 58 102 63 122 I 2.15°

No significant differences were found between the values indicated by the same letters. In case of their total absence

in any of the examined indices, the values are not indicated. Small letters are used for indicating the significance
of differences at the level of p < 0.05.

*see experimental treatment




Testy s rybami — nahrazovani dospélcu: vyuziti embryi
(embrya nejsou z hlediska zakona povazovana za ,obratlovce®)

Embryonalni test s Danio rerio

*Expozice - od vaji€ka (1-3 h po oplodnéni) do max 5 dni
(spotrebovava zloutek a neprijima externi potravu)

*Realizace (dle OECD) v 24-jamkovych deskach
« 20 vajiCek individualné v jamkach a 2 mL média

*\V'yhodnoceni — mortalita, pohyby, délka, morfologické zmény

Viz: vyukové video a dalSi materialy
- IS.MUNI.CZ




Ekotoxikologické biotesty - obratlovci

AKVATICKE PROSTREDI

FETAX — Frog Embryo Teratogenicity Assay Xenopus
Drapatka (Xenopus laevis)

-Usporadani

- Petriho misky

- Vajicka az embryo
96 h expozice
(dosazeni stadia
larvy bez zloutkového
vaku)




T_able 4.11 The Frog Embryo Teratogenesis Assay: Xenopus (FETAX)

Test type

96 h static renewal

Qrganism
Age of parent organism

Size of parent organism

Feading

Exparimental design
Test vessel type and size

Taad ol iic .. i

Xenopus laevis

Adult male: at least 2 years of age

Adult female: at least 3 years of age

Adult male: 7.5-10 e¢m in crown-rump length

Adult fermale: 10-12.5 em in length

Adult: three feedings per week of ground beef
liver; liguid multiple vitamins should be added to
the liver in concentrations from 0.05-0.075
cc/s g liver

Adults: large aguarium or fiberglass or stainless
steel raceways; side of tank should be opaque
and at least 30 cm high.

Breeding aduilts: 5- or 10-gallon aquarium fitted
with a 1-cm mesh suspended approximately 3 cm
from the bottom of the tank; nylon or plastic
mesh is recommended; agquarium should be fitted
with a bubbler to oxygenate the water; the top
of aquarium should be covered with an opaque
porous material such as a fiberglass furnace filter

Embryos: 60-mm glass or 55-mm disposable
polystyrane Petri dishes



Test solution volume

Exposure to test substance
Replacement of test material
Number of concentrations
Mumber of replicates

per sample
Mumber of organisms

per chamber

Test duration

Physical and chemical paramaters
Temperature

Photoperiod

pH range

TOC

Alkalinity and hardness

Endpoint

ool AR T WO rWE 1 W RE D Sl F Rl

Adults: water depth should be 7-14 em
Embryos: 10 ml per dish

Continuous throughout test

Every 24 h

=

2

Adults: 46 per 1800 cm? of water surface area
Breeding adults; 2

Embryos: 25

88 h

Adult: 23 + 3°C

Embryos: 24 + 2°C

12 h light / 12 h dark

65109

10 ma/l

Between 16 and 400 mg/l as CaCO,

Acute (mortality) and subacute (teratogenesis)




Dvorakova, D., K.
Dvorakova, L. Blaha, B.
Marsalek and Z. Knotkova
(2002). "Effects of
cyanobacterial biomass and
purified microcystins on
malformations in Xenopus
laevis: teratogenesis assay
(FETAX)." Environmental
Toxicology 17(6): 547-555.
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Fig. 2. Macroscopic (&, B, C) and microscopic (D, E, F) examination of Xenopus laevis embryos. (4) and (DY ara controls; (B)
and (E) are strongly malformed embryos exposad to 100 wg microcystin-LR/L for 96; (C) and (F) are malformed ambryos after
exposura to cyanobacterial biomass of Microcystis aeruginosa (300 mg dw./L containing 250 wg MLR/L) for 86 h. (1) dorsal
fin; {2) merve cord or brain; (3) somite; (4) notochord; (5) pronephros; (6) midgut with yolk particles; (7) pericardium; (8) heart;
(9) remaining yolk particles, characteristic of slow development; and (10} abdominal edema. Bar = 200 pm.



Fig. 1. Mortality in the 96-h FETAX test
after exposure to purified microcystin-LR
(MLR) and the biomass of cyanobacterial
water blooms:

(A) Dose—response curves of purified MLR
(scale in g/L on X axis), biomass
containing natural microcystins (bloom
dominated by Microcystis

aeruginosa), and biomass with no
detectable microcystins (bloom dominated
by M. wesenbergii; scale milligrams of
biomas d.w. per liter on X axis).
Concentrations of purified MLR and the M.
aeruginosa biomass are proportional (e.g.,
12 mg of the biomass d.w. contained 10 g
of MLR).

(B) Toxic effects of externally added MLR
(25250 g/L) to the cyanobacterial
biomass with no natural microcystins.

Asterisks

(**) indicate statistically significant
difference from the effect of the biomass
(300 g/L) with no MLR addition
(Pearson’s chi-square, p 0.01). Bars
represent means standard error of the
mean of two independent experiments
each performed in two parallels.

Surviving embryos (%)

Surviving embryos (%)
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Ekotoxikologické biotesty - obratlovci
TERESTRICKE PROSTREDI

Ekotoxikologické testy s ptaky

-usporadani
- dietarni testy toxicity,
davkovani v potravé
- kratkodobé (5 dni expozice + 3 dny)
- reprodukéni testy — dlouhodobé (tydny )SeaEEar il

Hrabavi ptaci, krepelky

Krepelka virginska (1)
(Northern bobwhite, Collinus virginianus)

Krepelka japonska (2) /

(Japanese quail, Coturnis japonica)




Table 4.9 Summary for Conducting Reproductive Studies with Avian Species

Test type

Avian reproduction

Organisms

Age of organism
Feading

Experimental design
Test chamber type and size

Test concentration

Ring-necked pheasant (Phasianus colchicus), bobwhite
(Colinus virginianus), Japanese quail (Coturnix japoenica),
chicken { Tympanuchus cupido), mallard (Anas plalyrhynchos),
black duck (Anas rubripes), screech owl {Olus asio), Amernican
kestrel, ring dove (Sirepiopelia risond), gray partridge, crowned
guinea-fowl

Should be within £10% of the mean age of the group

Feed and water should be available ad fibitum. Feed
consumption should be measured for 7-day periods
throughout the study

Materials that can be dissolved by water or loosenad by
pecking should not be used; stainless steel, galvanized steel,
or malerials coated with perfluorocarbon plastics are
acceptable; any design is acceptable such that the birds are
able to move about freely and the pens kept clean

(1) At least one concentration must produce an effect

(2] The highest test concentration must contain at least 0.1%

(1000 ppm)

(3) The highest test concentration must be 100 times the

highest measured or expected field concentration



Mumber of test groups

Mumber of organisms

per chamber
Exposure to test substance
Clinical examinations

A minimum of 16 pens per test concentration and control group
should be used
Pairs or groups containing no more than one male

Mix test substance directly into feed

Eggs laid; normal eggs; fertile eggs; hatchability; normal
young; survival; weight of young; eggshell thickness;
residue analysis

Physical and chemical parameters

Temperature

Humidity
Light quality

Light intensity
Photoperiod

Endpoint

About 21°C for adults.

For hatchlings, the amount and duration of heat is species-
specified. A temperature gradient should be established from
an appropriate heat source and range down to about 21°C

45-70% (higher relative humidities may be appropriate for
waterfowl)

should emit a spectrum simulating daylight

65 lux (B fc)

For adults:

8 hr light/16 h dark prior to photostimulation;
17 br light'7 h dark from onset of photostimulation

For hatchlings:
at least 14 h of light for precocial species

Repraduction




Neuroendocrinology Letters

Volume 30  Suppl. 1

Effects of cyanobacterial biomass on avian
reproduction: a Japanese quail model

2009

Veronika DAMKOVA 1, Jana SEDLACKOVA 1, Hana BANDouUcHOVA |, Lucie PEckova 1,
Frantisek Vitura !, Klara HiLscHEROVA 2, Veronika Paskova 2, Jiri KOHOUTEK 2,

Miroslav POHANKA 3, Jiri PIKULA !
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Figure 1. Comparison of LDH activities of exposed and control
Japanese quails. Number of animals (16 pairs in both groups), **
=p<0.01.
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Figure 2. Comparison of weights of eggs laid by exposed and
control Japanese quail hens (n = 821 and 824, respectively; **

=p<0.01).




Ekotoxikologické biotesty - obratlovci

Toxikologické testy s laboratornimi zviraty
MysS, Potkan, KreCek, MorcCe

-usporadani
- spise humanni toxikologie, ale muze byt vyuzito jako model pro
prirodni hlodavce
- davkovani — injekéné, inhalace, potrava
- délka trvani: nejcastéjsi akutni test — i.p. injekce 24 hod sledovani
- dalSi testy — az 96 hod, dlouhodobé az 3 mésice
- kompletni testy karcinogenity 3 roky
- Fada specifickych testl (embryotoxicita, teratogenita, imunotoxicita,
kozni iritance ...)




Neuroendocrinology Letters Volume 32 Suppl.1 2011

The effect of peroral administration
of toxic cyanobacteria on laboratory
rats (Rattus norvegicus var. alba)

Ondrej Apamovsky !, Radovan Kopp 25, Andrea Zikova 2, Ludek BLana !,
Jiri KoHOUTEK !, Petra ONDRACKOVA 3, Hana PASKEROVA L,

| 2 1 i aAvsa ra 4 . - -~
Jan MARES, Miroslava PALIKOVA optimal food + no fish meat + placebo

optimal food + fish meat (20%) + placebo
optimal food + fish meat (20%) + KLH
optimal food + fish meat (20%) + biomass of Micro-
Experimentalni design > cystis (1%) (5 variants of microcystins, total concen-
tration 2.698 mg/g dry mass (MC-RR 1462 pg/g,
i ) . MC-LR 1088 pg/g, MC-YR 96 pg/g and 2 non iden-
28 dni expozice v potravé tified 43 a 9 pg/g) + placebo
5. optimal food + fish meat (20%) + Microcystis (1%)
+ KLH
6. optimal food + fish meat (20%) + Arthrospira (1%)
+ placebo
7. optimal food + fish meat (20%) + Arthrospira (1%)
+ KLH
8. optimal food + fish meat (20%) + Chlorella (1%) +
placebo
9. optimal food + fish meat (20%) + Chlorella (1%) +
KLH
10.optimal food + fish meat (20%) + MCs (the same
concentrations as in 4.+.5) + placebo

11.optimal food + fish meat (20%) + MCs (the same
_ concentrations as in 4.+.5) + KLH

W=




Uéinky microcystinu (toxin sinic) — skupiny 10 a 11
—> snizeni hemoglobinu (A), zvySena reakce na vakcinu (B)
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Fig. 3. (A) Effect of different exposure on the mean corpuscular hemoglobin (MCH) of rats exposed daily for 28 days with Microcystis cell
extracts (group 3,4) or microcystins (10,11). Data are expressed as mean + SD, N=7.
**Statistically significant are groups 10,11 from the controls 1+2.
(B) The concentration of anti-KLH antibody (ng/mL) 21 days after immunization with KLH (200 pg/rat). Figure shows stimulation of
immune system in the group fed with food with MCs (group 11) . *Significantly higher then control group 3 ( ANOVA + LSD test)




EKOTOXIKOLOGICKE BIOTESTY
- PRIKLADY -

-MIKROBIALNI TESTY TOXICITY -
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Mikrobialni ekotoxikologické biotesty

(1) TEST AKUTNI TOXICITY - MICROTOX

- morska luminiscencni bakteri Vibrio fisheri
- kratkodoba expozice testované latce (5-30 min)
- sledovani zmén pfirozené luminiscence — odpovida toxicité

- usporadani:
kyvety (zkumavky), stanoveni v luminometru




Mikrobialni ekotoxikologické biotesty

(2) Rustové testy toxicity s bakteriemi

- stanoveni efektu toxické latky v médiu na rist bakterie
- Pseudomonas putida, Escherichia coli ...

- expozice 16 hodin
- kultivace bakterii (Erlenmayerovy nadoby, miniaturizace — mikrodesticky)
- vyhodnoceni — narust biomasy (zakal)
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Mikrobialni ekotoxikologické biotesty

(3) Bakterialni testy GENOTOXICITY

-Casto uzivané biotesty hodnoceni genotoxicity Cistych latek i smési
- horSi extrapolace pro Clovéka -> nemaji metabolizaCni enzymy:
bioaktivace (modifikace — externi pridavky S9 frakci)

-3.1 Amesuyv test — (ruzné kmeny Salmonella typhimurium)
- mutanti neschopni zit v minimalnim mediu (chybéjici enzym pro
syntézu His) : genotoxin vyvola reverzni mutace - bakterie prezivaji
- hodnoceni — pocitani kolonii revertantu na Petriho miskach




Mikrobialni ekotoxikologické biotesty

(3) Bakterialni testy GENOTOXICITY

-3.2 Specifickeé testy
- Specifické transgenni bakterie s reporterovym genem pod kontrolou
reparace DNA
-Priklad gen pro beta-galaktosidazu - SOS chromotest
- Poskozeni DNA =2 indukce aktivity: méreni intenzity barvy

CELLULAR EVENTS IN SOS BACTERIA
WHEN EXPOSED TO A GENOTOXIC AGENT

GENOTOXIC AGENT
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Mikrobialni ekotoxikologické biotesty

(3) Bakterialni testy GENOTOXICITY

-3.2 Specificke testy
- specifickeé transgenni bakterie s reporterovym genem pod kontrolou
reparace DNA - Pr. 1 gen pro luciferazu (recA test)
- = mutace: méreni luminescence

BIOLUMINESCENT GENOTOXICITY
(DNA DAMAGE) SENSOR.

DNA darmage
harands

actena only
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Fig. 3. Comparison of genotoxicity of the studied antimicrobial drugs in the SOS-chromotest. OTC = oxytetracycline hydrochloride, FLU = flumequine.




