Testovani ekotoxicity - BIOTESTY
Ludek Blaha, PFF MU

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpo¢tem Ceské republiky.
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Co je to biotest ?

= Nastroj (metoda, postup ...), kdy zivy organismus (tkan,
populace, systém ...) je vystaven (= exponovan), ve viceméne
kontrolovanych standardnich podminkach pusobeni sledovanych
stresovych faktort (chemické latce) a sleduje se Ucinek ¢i jev

= Prvni biotesty — ,,ochutnavaci* faraont
= Dnes témér na vSech typech organismi

= Test toxicity — sleduje se toxicky ucinek

= Test bioakumulace — sleduje se jev
= EKOtoxikologicky (bio)test = vyhodnocuje EKOtoxicitu




EXPERIMENTALNI HODNOCENI EKOTOXICITY
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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.




Proc ekotoxikologicke testy ?

CHEMICKE ANALYZY samotné NEDOKAZOU
postihnout realné riziko pro zive organismy:

1) realna expozice se lisi podle biodostupnosti toxickych
prvkd a latek v dané situaci,

2) jde vzdy o smés toxikantt, ktera plsobi jinak nez
jednotlivé toxikanty zvast

3) Negativni vlivy matrice samotné bez ohledu na obsah
toxikant{l na zivé organismy ci interakce vlivu matrice s
efekty toxikantd

4) spektrum analytickych metod (tedy i limitnich hodnot) je

omezene a ve vzorku mohou byt pritomny
neanalyzovane vyznamne toxicke latky.

PREDNOSTI chem. analyz

- Reprodukovatelnost, standardizovanost

_ - Exaktni Ciselné vystupy srozumitelné laikiim: vyuziti v zakonech




Vyvoj biotestt

= Nejstarsi biotesty — akutni efekty, ekologicky nerelevantni,
vétSinou pro hodnoceni Cistych latek, napr. pesticidd
= Moderni vyvoj smerem k:

Subletalnim efektim

|
= ZvySovani ekologické relevance testl
= Od chemickych latek k environmentalnim smésim
» Zdokonalovani testl: casové, miniaturizace
= Zjednodusovani koncovek testli — mikrodesticky, fluorescence ...
= Komercné dostupné tzv. ,kity" (napr. www.microbiotests.be)
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Rozdéleni biotesti

s Dle trofické Urovné testovacich organismu:
= testy s producenty, konzumenty, destruenty

L)
= Podle doby trvani expozice a povahy efektd: -

= akutni, semiakutni (semichronické), sub-akutni, chronicke

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

akutni = 24, 48 az 96 hod, zpravidla hodnoceni letality
chronické — dny, tydny az mésice, hodnoceni neletalnich efektl

¥ DIe poctu zapojenych druh(:

= jednodruhové (single species), dvoudruhové, vicedruhove (multi-
species)

= Dle urovné biologického systému:

= enzymy, biosondy, bunécné a tkanove kultury /n vitro, intaktni zivy
organismus, populace, mikro/mezokosmos, terénni experimenty

= Dle generace:
= testy 1. generace, 2. generace (mikrobiotesty), 3. generace

_nzory, biosondy ..), 4. generace — online systémy ...
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Rozdéleni biotesti

= Dle typu vzorku:

= chemicka latka, smés latek, prirodni vzorek z prostredi

= Dle testované matrice:
= voda, plda, vzduch, sediment, odpad, chemicka latka
= Dle Upravy vzorku:

= Vvyluhové (org. rozpoustédlo, DMSO, voda ...), kontaktni (Solid
Phase Tests), primé (Direct tests, Whole effluent test), TIE —
toxicity identification evaluation

s Dle hodnoceného ucinku:

» testy mortality, reprodukéni testy, unikové testy, rlstoveé testy,
testy teratogenity, karcinogenity, xenoestrogenity apod.

= Dle provadeéni:
s /nsitua in vitro
= + biotesty procesl: bioakumulace, biokoncentrace,

©) o I




Standardizovanost, legislativa ...

= Zakonem predepsané testy
= Velmi malo, zejména pro nové chemicke latky, pesticidy, odpady
= Velky boom vyuziti biotestl v poslednich letech — ekologicka
kriteria kvality prostredi
= Normované, standardizované
= Mnoho testl
= Normovanost # povinnost, zavaznost
= Ekonomické dlivody — akreditace laboratofi
= Experimentalni rovina
= Rada testd
= Prostor pro snahy o ekologickou realisticnost
= Uplatnéni novych poznatki o mechanismech a efektech
= Ekologické studie




Normovane, standardizovanée testy

s Cil: snizit mezilaboratorni variabilitu

= Casem byly vypracovany standardni postupy pro hodnoceni efektl v
laboratornich testech az pro metody bioindikaci in situ

Vyhody:
= zaruceni jednotnosti a opakovatelnosti vysledkd
= pfi dodrzeni postupu srovnatelnost vysledkt z rliznych laboratori
» validované vysledky vhodné pro rozhodovani
= mala nutnost optimalizace
Nevyhody:
= velmi specificka a omezena vypovidaci hodnota ("akutni letalita pro
koryse Daphnia")
= zpravidla vhodné jen pro zarazeni (klasifikace) toxicity latek (vice —
stredne — méne toxicke ...)

= omezeny pocet standardizovanych postupd, zpravidla jednoduché
(akutni) efekty




Organizace spojené s biotesty

s OECD = Organization for Economic Cooperation Development
= ISO = International Standardization Organization

= US EPA = US Environmental Protection Agency

s SETAC = Society for Environmental Toxicology and Chemistry

= IOBC = International Organisation for Biological and Integrated
Control of Noxious Animals and Plants

= EPPO = European and Mediterranean Plant Protection Organization
= ASTM = American Society of Testing and Materials

s CEN = European Commitee for Standardization

= WHO = World Health Organisation

= BBA = Biologische Bundesanstalt fiir Land- und Forstwirtschaft

= OPPTS = The Office of Prevention, Pesticides and Toxic Substances
(EPA)

= DIN = German Deutsches Institut fir Normung
s CSN = Ceska statni norma
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STANDARDY : Globalné nejvyznamneéjsi jsou OECD Guidelines
http://www.oecd.org

@) OECD E -

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 AQ”CU'M' 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 Study (dating from 1983) because it is no longer used and betfer alternatives

> 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 navodi v této sekci; dalsi sekce napf. humanni toxicita)

v am

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




OECD - priklady

Testy s vodnimi organismy

Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.
Test No.

201:
221:
202:
211:
203:
204:
210:
212:
215:
229:
230:
231:
209:
224:

Alga, Growth Inhibition Test
Lemna sp. Growth Inhabition Test
Daphnia sp. Acute Immobilisation Test

Daphnia magna Reproduction Test

Fish, Acute Toxicity Test

Fish, Prolonged Toxicity Test: 14-Day Study
Fish, Early-Life Stage Toxicity Test

Fish, Short-term Toxicity Test on Embryo and Sac-Fry Stages

Fish, Juvenile Growth Test

Fish Short Term Reproduction Assay

21-day Fish Assay

Amphibian Metamorphosis Assay

Activated Sludge, Respiration Inhibition Test (Carbon and Ammonium Oxidation)

Determination of the Inhibition of the Activity of Anaerobic Bacteria

http://www.oecd.org/document/40/0,3746,en_2649 34377 37051368 1 1 1 1,00.html

http://www.oecd.org/env/ehs/testing/oe
cdquidelinesforthetestingofchemicals.htm

11 July 2006
11 July 2006
23 Nov 2004
16 Oct 2008
17 July 1992
04 Apr 1984
17 July 1992
21 Sep 1998
21 Jan 2000
08 Sep 2009
08 Sep 2009
08 Sep 2009
23 July 2010
25 Jan 2007
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http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm
http://www.oecd.org/env/ehs/testing/oecdguidelinesforthetestingofchemicals.htm

OECD - priklady

Testy s ptdnimi organismy

Test No. 208: Terrestrial Plant Test: Seedling Emergence and Seedling Growth Test

Test No. 227: Terrestrial Plant Test: Vegetative Vigour Test

Test No. 207: Earthworm, Acute Toxicity Tests

Test No. 220: Enchytraeid Reproduction Test

Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei)

Test No. 228: Determination of Developmental Toxicity of a Test Chemical to Dipteran Dung
Flies(Scathophaga stercoraria L. (Scathophagidae), Musca autumnalis De Geer (Muscidae))
Test No. 232: Collembolan Reproduction Test in Soil

Test No. 226: Predatory mite (Hypoaspis (Geolaelaps) aculeifer) reproduction test in soil
Test No. 216: Soil Microorganisms: Nitrogen Transformation Test

Test No. 217: Soil Microorganisms: Carbon Transformation Test

17 Aug 2006
17 Aug 2006
04 Apr 1984
23 Nov 2004
23 Nov 2004
16 Oct 2008

08 Sep 2009
16 Oct 2008
21 Jan 2000
21 Jan 2000

_ http://www.oecd.org/document/40/0,3746,en 2649 34377 37051368 1 1 1 1,00.html
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http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

International
Organization for
Standardization

Standardy biotest( - ISO

Vodni rostliny

ISO 20079:2005 Water quality -- Determination of the toxic effect of water constituents and waste water on
duckweed (Lemna minor) -- Duckweed growth inhibition test

ISO 8692:2004 Water quality -- Freshwater algal growth inhibition test with unicellular green algae

ISO/CD 16191 Water quality - Determination of the toxic effect of sediment and soil on the growth behaviour
of Myriophyllum aquaticum - Myriophyllum test

ISO 10253:2006 Water quality -- Marine algal growth inhibition test with Skeletonema costatum and
Phaeodactylum tricornutum

ISO 10710:2010 Water quality -- Growth inhibition test with the marine and brackish water macroalga
Ceramium tenuicorne

ISO 14442:2006 Water quality -- Guidelines for algal growth inhibition tests with poorly soluble materials,
volatile compounds, metals and waste water

ISO/DIS 13308 Water quality -- Toxicity test based on reproduction inhibition of the green macroalga Ulva
pertusa

ISO/TR 11044:2008 |Water quality -- Scientific and technical aspects of batch algae growth inhibition tests

. n ." I e Q, -,
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International

Iso Organization for

Standardization

Standardy biotesti - ISO

Vodni bezobratli

ISO 6341:1996

Water quality -- Determination of the inhibition of the mobility of Daphnia magna Straus (Cladocera, Crustacea) -- Acute toxicity test

ISO 10706:2000

Water quality -- Determination of long term toxicity of substances to Daphnia magna Straus (Cladocera, Crustacea)

ISO/DIS 14380

Water quality -- Determination of the acute toxicity to Thamnocephalus platyurus (Crustacea, Anostraca)

ISO/CD 16303

Water quality -- Determination of toxicity of fresh water sediments using Hyalella azteca

1SO 10872:2010

Water quality -- Determination of the toxic effect of sediment and soil samples on growth, fertility and reproduction of
Caenorhabditis elegans (Nematoda)

1SO 16712:2005

Water quality -- Determination of acute toxicity of marine or estuarine sediment to amphipods

ISO 20665:2008

Water quality -- Determination of chronic toxicity to Ceriodaphnia dubia

ISO 20666:2008

Water quality -- Determination of the chronic toxicity to Brachionus calyciflorus in 48 h

ISO 14669:1999

Water quality -- Determination of acute lethal toxicity to marine copepods (Copepoda, Crustacea)

ISO/DIS 14371

Water quality -- Determination of freshwater-sediment subchronic toxicity to Heterocypris incongruens (Crustacea, Ostracoda)

ISO 16665:2005

Water quality -- Guidelines for quantitative sampling and sample processing of marine soft-bottom macrofauna

ISO 7828:1985

Water quality -- Methods of biological sampling -- Guidance on handnet sampling of aquatic benthic macro-invertebrates

ISO 8265:1988

Water quality -- Design and use of quantitative samplers for benthic macro-invertebrates on stony substrata in shallow freshwaters

ISO 8689-1:2000

Water quality -- Biological classification of rivers -- Part 1: Guidance on the interpretation of biological quality data from surveys of
benthic macroinvertebrates

ISO 8689-2:2000

Water quality -- Biological classification of rivers -- Part 2: Guidance on the presentation of biological quality data from surveys of
benthic macroinvertebrates

1SO 9391:1993

Water quality -- Sampling in deep waters for macro-invertebrates -- Guidance on the use of colonization, qualitative and quantitative
samplers

ISO/DIS 10870

Water quality -- Guidelines for the selection of sampling methods and devices for benthic macroinvertebrates in fresh waters

ISO/WD 16778

Water quality -- Calanoid copepod development test with Acartia tonsa




International

Iso Organization for

e Standardization

Standardy biotest( - ISO

Suchozemskeé rostliny

ISO 11269-1:1993 Soil quality -- Determination of the effects of pollutants on soil flora -- Part 1: Method for the measurement
of inhibition of root growth

ISO 11269-2:2005 Soil quality -- Determination of the effects of pollutants on soil flora -- Part 2: Effects of chemicals on the
emergence and growth of higher plants

ISO 17126:2005 Soil quality -- Determination of the effects of pollutants on soil flora -- Screening test for emergence of
lettuce seedlings (Lactuca sativa L.)

ISO 22030:2005 Soil quality -- Biological methods -- Chronic toxicity in higher plants

ISO/CD 29200 Soil quality -- Assessment of genotoxic effects on higher plants -- Micronucleus test on Vicia faba




Voda

Standardy biotestti - CSN

CSN EN 1SO 10253

Jakost vod - Zkouska inhibice ristu morskych ras Skeletonema costatum a Phaeodactylum tricornutum

CSN EN ISO 11348-2

Jakost vod - Stanoveni inhibi¢niho tGcinku vzorkl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 2: Metoda se su$enymi bakteriemi

CSN EN 1SO 11348-3

Jakost vod - Stanoveni inhibicniho ucinku vzorktl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 3: Metoda s lyofilizovanymi bakteriemi

CSN EN 1SO 11348-3

Jakost vod - Stanoveni inhibi¢niho Gcinku vzorkl vod na svételnou emisi Vibrio fischeri (Zkouska na
luminiscenénich bakteriich) - Cast 3: Metoda s lyofilizovanymi bakteriemi

CSN EN I1SO 15088

Jakost vod - Stanoveni akutni toxicity odpadnich vod pro jikry dania pruhovaného (Danio rerio)

CSN EN 1SO 20079

Jakost vod - Stanoveni toxickych ucinki slozek vody a odpadni vody na okifehek (Lemna minor) - Zkouska inhibice
ristu okiehku

CSN EN ISO 8692

Jakost vod - Zkouska inhibice ristu sladkovodnich zelenych fas

CSN ISO 20665

Jakost vod - Stanoveni chronické toxicity pro Ceriodaphnia dubia

CSN I1SO 20666

Jakost vod - Stanoveni chronické toxicity pro Brachionus calyciflorus béhem 48 h

CSN 1SO 10706

Jakost vod - Stanoveni chronické toxicity latek pro Daphnia magna Straus (Cladocera, Crustacea)

CSN 1SO 12890

Jakost vod - Stanoveni toxicity pro embryonalni a larvalni stadia sladkovodnich ryb - Semistaticka metoda

CSN EN 1SO 9509

Jakost vod - Zkouska toxicity pro hodnoceni inhibice nitrifikace mikroorganismy aktivovaného kalu

CSN EN 1SO 8192

Jakost vod - Zkouska inhibice spotieby kysliku aktivovanym kalem p¥i oxidaci uhlikatych latek a amoniakalniho
dusiku

CSN EN 1SO 16712

Jakost vod - Stanoveni akutni toxicity moirskych sedimenti nebo sedimentt estuarii pro obojzZivelniky
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Obecné viastnosti biotesti
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Optimalni viastnosti biotestu

= standardizovatelnost, opakovatelnost, variabilita
= prakticka proveditelnost, cena, rychlost

n Citlivost

= vypovidaci hodnota, pouzitelnost pro ochranu ZP

= ekologicka relevance:
= expozicni cesta
= prirozeny vyskyt pouzitého druhu, zastava funkci v ekosystému
= sledované odpovédi indikovat stav a funkci organismu
= zivotni stadium pouzitého organismu, cely cyklus
= zivotni strategie organismu
= zivotni forma
= ekologické naroky daného organismu vs podminky testu

20



Design a vlastnosti biotestu

s Biotest ma urcité parametry, charakteristiky, standardni
podminky

= Na druhou stranu ma urcité nejistoty, zdroje variability

s Zakladni parametry biotestu:
= Komplexnost biologického systému
= Doba expozice
= Usporadani expozice
= ExpoziCni scénar
= Biologicky systém — organismus, druh
= Dalsi specifika biologického systému
= Hodnoceny parametr, endpoint
= Dalsi abiotické faktory v experimentu

21




Akvaticke testy - expozice

Rozdeéleni dle usporadani expozice

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

s statické s obménou média (vymena v definovanych
casech, a 24 h)

= recirkulacni (recirkulace média, technicky narocnejsi ...)

= prUtocné (kontinualni udrzovani koncentraci, technicky
narocne ...)

Obvykle expozice celych organismU (pfijem povrchem téla,
dychacim aparatem, potravou) méne Casto: jednorazove
injekce (ryby, vstup a davka nejsou ovlivnény prostredim)

22



Pidni testy - expozice

plda, sedimenty — bakterie, bezobratli — kontakt celym
povrchem (testy primého kontaktu - solid phase tests)
« Redlna plda/sediment
= Artificialni plda/sediment
rostliny — koreny - kontakt s pevnym nebo kapalnym
médiem, expozice plynnym polutantiim ze vzduchu
terestricti zivocCichoveé - specifické expoziCni scénare:
= injekce ("klasicka" toxikologie — obratlovci — laboratorni hlodavci,
ptaci), i.p. / i.m. /i.v. / s.c.

= potrava — davkovani v potrave, aplikace gavazi (trubice primo do
zaludku)
= respirace — kontaminace vzduchu — uzavrené nadoby/cely, inhalace

casto Ize realné predpokladat nekolik expozicnich cest
soucasnée

23




= Velké odlisnosti od akvatickych testi
= Pevné matrice jsou dosti heterogenni

= Obsahuje vzdy vSechny tri faze PEVNOU, KAPALNOU (pdrova voda) a
PLYN (vzduch)

s Pritomnost pevné faze zejména ma vyznamny vliv na OSUD a
CHOVANTI chemické Iatky

= V zavislosti na vlastnostech latky, vlastnostech pldy a Case dojde k
DISTRIBUCI latky v pidé&, pripadné vzniku SPECII

= Stézejnim procesem je SORPCE a disledkem je klicovy faktor pldnich
testl (eko)toxicity — BIODOSTUPNOST

= To vSe ma fatalni dlsledky pro vyslednou toxicitu a riziko

» DuUsledkem je i ztizena extrapolace mezi plidami, z akvatickych
testl na pldni a z laboratornich testd na realnou situaci
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vstup

kontaminantu
Ho/i;OH o E/)_:)\H—ocHa

kontaminantv pudé

prostorove distribuovan,

v riznych formach,
rdzné vazan ...

kontaminantv organismu
distribuce, metabolismus, € A S2ananans
eliminace, bioakumulace ... :

PR | BT S AN \i“

organismus populace spolecenstvo
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Organismy v biotestech

Pozadavky

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

snadné uchovani a chov v laboratornich podminkach do
dostateCnych mnozstvi pro experimenty

biologie druhu a genetika prislusné kultury jsou
charakterizovany

jsou prostudovany relativni citlivosti druhu / kultury k
riznym tridam toxickych latek

citlivost druhu by méla byt dobrym representantem
prislusné skupiny organismd{ (Daphnia — korysi, Pavi ocko
— sladkovodni ryby, kaproviti)
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Dalsi specifikace testovaciho organismu

= vysledek stanoveni toxicity a interpretaci ovliviuje rada
dalSich biologickych parametrd

geneticky podminéna citlivost prislusné kultury / klonu / variety ...
velikost a stari jedinct

pohlavi

vyvojove stadium (vajicka, embrya, larvy, dospelci ...

fyziologické podminky — optimum (choroby, potrava — antioxidanty
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Hodnocené parametry - endpointy

= biotesty akutni toxicity

= zivoCichové - nejcasté€ji hodnocenym parametrem je letalita,
dale imobilizace (Daphnia)

= autotrofové — rasy: rlst, déleni, mnozstvi chlorofylu
(fluorescnence); rostliny cévnaté — kliceni, rst

= destruenti — bakterie: rlst, metabolicka aktivita ...

= biotesty chronické toxicity

= zivoCichové — neletalni parametry — rlst, malformace, reprodukéni
schopnosti a Uspesnost (testy reprodukce)

= autotrofové —cévnaté rostliny — kliceni, rlst, tvorba gamet/semen,
rozmnozovani ...
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Faktory/podminky biotestu

= Maji vyznamny vliv na vysledky — vliv. na modelovy
organismus, vliv na expozici (ovlivhéni biodostupnosti a

formy kontaminant()

= Jejich nadefinovani je soucasti standardizace testu

= teplota

= Svétlo, svételna perioda
= obsah a pristup kysliku
= pH

tvrdost vody (!)
(akvatické experimenty

10 ooo|— A MBI
Total hardness of
5000+ water as CaCO,
c © I2mg/L pH 6.6-6.7
E 4 50 PH 7.0-7.2
o 2000 0 320 pH 7.6—7.8
£
g 1000k
2
5 500+
L
Lt
=
200
100 1 ] 1 |
I | |
s i B0 32508, 7 10197229 795756711100

Zinc concentration (mg/L)

Fig. 2. i
9-2.9 The effect of water quality on the survival of rainbow trout (Salmo

gairdneri) exposed to zinc sulphate. (From Lloyd, 1960.)
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Prakticka realizace biotestu - obecne

1) Priprava organismu
= kultivacni médium, standardni pocty, stafi ...

2) Priprava vzorku
= fedéni vzorku (mimo nadoby s organismy) — koncentracni rada
redici medium:
= voda/medium — Ize pfimo pfidavat k organismim
= organické rozpoustédlo — pridavky jen malych koncentraci (0.5%)
= priprava kontaminované pldy
= negativni kontrola — redici medium
3) Expozice
= pridavky vzorku (kontrolniho roztoku) k organismu, expozice (24, 96 h)
= pridavky organismu do pripravené matrice
4) Vyhodnoceni

= stanoveni letality / rlstu, srovnani vzorek — kontrola, odvozeni krivky
davka odpoved, statistické srovnani
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Prakticka realizace

biotestu - voda

1) Priprava organismu

2) Priprava vzorku

3) Expozice

4) Vyhodnoceni

Schema inhibicniho testu na Pseudomonas putida

A. Priprava kultury

v

Zamrazena
kultura

400ul

Kultivacni
médium

Kultivacni
medium

B. Priprava redicich rad

Krok 2

V

vidy 8ul

TV —

Krok 3 \

Kultivaéni
médium

vidy vady 640ul

HO vzorku

AOOODINTS

640ul PIISIUSNE KONC. w— H @ @ H @ @ H @

vady 80ul

)

bakt. kultura

C. Testovani

o 2 4 O
I X I X X

00000000

I X X X I

Vzorek 1

Vzorek 2

Vzorek 3

Blank + NK

Davkovani 200ul do kazdé jamky
(3 opakovanti)

l

Inkubace 16 hod ™

l

Mérent absorbance pii 436 nm




= Predbeézny test - hledame rozmezi pouzivanych koncentraci (fedici
faktor 10; napr. 0,1 - 1000 mg/kﬁ), mortalita vétSinou hlavni
endpoint hodnoceny po 2 tydnec

= Finalni test - vystupem je funkce zavislosti ucinkl na koncentraci
testované substance (]emneJS| skala; ne I%Iepe s faktorem 2);
hodnoceny pre2|t| dospélci po 3 tydnec (mortalita - akutni test) a
pocty juvenild po 6 tydnech (reprodukce - reprodukéni test)

= NOEC design — mene koncentraci, ale vice opakovani - 5
koncentraci po 4 opakovanich a kontrolni varianta (bez chemické
latky, na rozpoustédlo apod.)

= EC/LC design — vice koncentraci, méné opakovani — regresni
metody
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Vybeér baterie testu
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Baterie testi

= Odpovéd’ vSech organismU na toxikant neni stejna

= Vlivy ovliviuijici finalni efekt se lisi — biodostupnost, expozicni
cesty, metabolizace toxikantu, citlivost

= V praxi nelze pouzivat pouze jediny biotest
= VétSinou je potreba sestavit podle urcité logiky baterii testl

= Cim vice test v baterii, tim menéi nejistota pfi vyhodnoceni
dopadt na ekosystém (v hodnoceni rizik pak nizsi faktor nejistoty)

= Zakladni pravidlo = pokryt trofické Urovné
= Dalsi divody (rtizné expozice, délky testd, typy efektd ...)

= V praxi vétsinou kompromis mezi ,védeckou" spravnosti a
praktickymi potrebami (cena, cas ...)
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Baterie biotestli

= Organismus v daném biotestu je reprezentant vetsi
skupiny organismd

s Vybér konkrétniho testu a celé baterie zavisi na CILECH
stanoveni (ty musi byt jasné pred zahajenim studie):

= Napf. "ochrana hospodarsky vyznamnych druhl ryb", "ochrana
kvality ptidy — aktivity pddnich mikroorganismd", "ochrana vody
pred toxickym odpadem" ...
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Vybér biotestti dle organismu

= dle ekologicke funkce organismu (producenti, saprofagove,
destruenti, konzumenti, predatori ...)

» dle typu organismu (Cervi vs. clenovci, mikroorganismy vs.
bezobratli ...)

= dle troficke prislusnosti organismu (herbi -, omni -, bakteri
-, fungi -, carni-vori)

s dle expozicni povahy organismu (epi -, endo-geické)

= dle zivotni historie organismu (délka zivota)

= dle ekologické strategie organismu (r a K strategie)
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Priklad — baterie testli pro odpady

Existuji ISO normy urcujici vybér testu

= [SO 15799 (2003): Guidance on the ecotoxicological
characterization of soils and soil materials

s ISO 17616 (2008): Guidance on the choice and evaluation
of bioassays for ecotoxicological characterization of soils
and soil materials
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Priklad baterie biotesttli: EU ringtest 2006-2007

Cile:
Umwelt
= zhodnotit standard EN 14735 Em{d%s}
= vyhodnotit aplikovatelnost baterie test s
»BAM
? @3 ECT GmbH
\‘m e ) coiciona |
Vystupy: ]

= Kniha, report a zejména priprava noveho EN standardu:
WI 292050: Characterisation of waste — Guidance on the use of
ecotoxicity tests applied to waste
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EU - Zakladni sada testu

Testy pevného odpadu

. : Doba - 1
Organismus Tvp testu Endpointy trvani Vysledek | Norma
zizala : . , ISO 11268-1
Eisenia fetida alutni mortalita 14 dni LC30 [15]
rostlina

; iCet " THO-
Avena sativa, Brasicca akutni }TLEIH.:EN . cca 14 dn | EC30 150112692
mnhibice mstu [16]

rapa
Testy vodného vyluhu adpadu

. : Doha - 1
Organismus Tvp testu Endpointy trvani Vysledek | Norma
bakterie : mnhibice - - ISO 11348
Vibrio fisheri akuini luminiscence 30 min ECS0 [17]

= - -

korys akutni/chronie | e mobility | 48hod | ECS0 IS0 6341 [18]
Daphnia magna kv
fasa
Desmodesmus subcapitatus - : , . n
Prondokirchneriella chromicky rust EC20 3 dny ISO 8692 [19]
subcapitata
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EU - Rozsirena sada testi

Testy pevného odpadu

: _ . Doba -
Organismus Typ testu Endpointy b Vysledek | Norma
zizala o reprodukce : [SO 11268-2
Eisenia fetida chromcky biomasa J6 dui EC0 [20]
zizala L PR [SO/DIS
Eisenia fetida chromcky ntkove chovani | 2 dny 17512-1 [21]
roupice : : .
Enchytragus albidus akutni /| mortalita tydny ) epeso | 15016387 [22]
Enchytraeus crypticus chronicky reproducke 6 tydm
chvostoskok o mortalita : S .
Folsomia candida chromicky reprodukce 28 dni LC/EC50 | ISO 11267 [23]
Testy vodného v¥luhu odpadu
Organismus Typ testu Endpointy E::ii Vysledek | Norma
okfehek - chronicky st 7 dni EC50 1SO 20079 [24]
Lemna minor
T genotoxicita - .
Salmonella typhimurium aktivace genu +hod [50 13829 [25]
bakierse chronicky rhist 16 hod IS0 10712 [26]

Pseudomans putida




Akvaticke testy ekotoxicity
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Spektrum testtl akvatické ekotoxikologie

= Je obrovské — akvaticka ekotoxikologie byla dlouhou dobu
,Jjedinou ekotoxikologii*

s Testy (i standardizované) dnes pokryvaji celou skalu
urovni:
= suborganismalni Uroven
= laboratorni experimenty: studium mechanismd toxicity latek, in vitro
biomarkery, odhady miry subletalni toxicity specifickych typl
(dioxinova toxicita, xenoestrogenita ...)
= jednotlivé druhy organismd, jednotlivci
= laboratorni experimenty: tradicni ekotoxikologické biotesty s
jednotlivymi druhy organism{, porovnani citlivosti rliznych druh ...
= populacni efekty
= laboratorni testy - dlouhodobéjsi experimenty — celozivotni testy
toxicity,testy s Casnymi vyvojovymi stadiemi, rostliny — rozmnozovani,
kliceni ..., bezobratli — obratlovci — testy reprodukcni toxicity
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EKOTOXIKOLOGICKE BIOTESTY
- PRIKLADY - PRODUCENTI -




Testy s producenty

= Ekotoxikologicke biotesty vyuzivajici producenty (fotoautotrofni organismy) lze
oznacit take jako testy fytotoxicity

Poznamka/doplnéni: fytotoxiny jsou toxiny produkované rostlinami (alkaloidy, glykosidy, antibiotika atd.);
stejné jsou chapany mykotoxiny (toxiny produkované plisnémi a houbami), cyanotoxiny (toxiny produkované
sinicemi) apod.

Co se sleduje?
= Letalita, inhibice rlstu, nebo fyziologickych procest

= Genotoxicita, mutagenita: rasy i cévnaté rostliny - detekce chromozomovych
zlomd, tvorby mikrojadérek, iniciace nadorll na korfenech, poruchy tvorby
kutikuly, mutace na Urovni intaktni rostliny, tvorba DNA aduktd atd.

= Hodnoceni detoxifikacni aktivity, pfitomnost a aktivita detoxifikacnich systémd
( PCR, ELFO, LC-MS, formy glutationu, SOD apod.

= Hodnoceni vlivu toxikantl na rezistenci k patogennim organismim
= Hodnoceni biokumulaci a biokoncentraci toxikant{ v prirodnim prostredi

= Hodnoceni podilu autotrofnich organismt na detoxifikaci/ imobilizaci toxickych
latek v zivotnim postredi (bioremediace pomoci cévnatych rostlin, nebo
cyanobakterii)
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Producenti — rasy a sinice

= Sinice (fotosyntetizujici gramnegativni eubakterie) kolonialni
(Microcystis), vlaknité (Anabaena, Nostoc) a pikocyanobakteria
jednobunécné (Synechocystis)

= dusik fixujici sinice jsou velmi citlivé na toxické latky a inhibice
nitrogenazy patfi mezi vhodné endpointy

= Rasy - jednobunééné, cenobidlni, viaknité, sladkovodni, morské

= Kromé klasickych biotestl s jednou fasou, jsou pouzivany tzv.

Multispecies algal asays (paralelni kultivace zastupctl zelenych fas,
sinic a rozsivek dle podminek zkoumane lokality)

= Fyziologicke testy (hodnoceni fotosyntetické aktivity, enzymaticke
aktivity)

= Kompetice a reprodukce prirodnich populaci fytoplanktonu a
fytobentosu

= Rasy a sinice hodnotime vétéinou pomoci zmény poctu bunék v case
experimentu ve srovnani s kontrolou, pripadné pomoci koncentrace
pigmentd (napr. chlorofylu a), fyziologické aktivity (prijmu zivin) a
metabolické aktivity (fotosyntetické aktivity, enzymaticke aktivity )
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Producenti — rasy a sinice



http://images.google.com/imgres?imgurl=protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Selenastrum/Selenastrum.jpg&imgrefurl=http://protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Selenastrum/&h=358&w=558&prev=/images?q=Selenastrum&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8
http://images.google.com/imgres?imgurl=www.biol.tsukuba.ac.jp/~inouye/ino/g/chl/Scenedesmus.GIF&imgrefurl=http://www.biol.tsukuba.ac.jp/~inouye/ino/g/chl/chl_pic2.html&h=257&w=340&prev=/images?q=Scenedesmus&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8
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http://images.google.com/imgres?imgurl=www.naturalways.com/graphics/chorell1.gif&imgrefurl=http://www.naturalways.com/chlor01.htm&h=176&w=227&prev=/images?q=Chlorella&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8
http://images.google.com/imgres?imgurl=www.hamburg.de/Behoerden/Umweltbehoerde/Badegewaesser/bad_hh/chlorella.jpg&imgrefurl=http://www.hamburg.de/Behoerden/Umweltbehoerde/Badegewaesser/bad_hh/mikri.htm&h=423&w=421&prev=/images?q=Chlorella&start=20&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8&sa=N
http://images.google.com/imgres?imgurl=protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Stichococcus/minor_1.jpg&imgrefurl=http://protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Stichococcus/&h=366&w=455&prev=/images?q=Stichococcus&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8
http://images.google.com/imgres?imgurl=www.durr.demon.co.uk/microcystis 2.jpg&imgrefurl=http://www.durr.demon.co.uk/microcystist.html&h=315&w=296&prev=/images?q=Microcystis&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8&sa=N

Producenti - rasy

Rasové testy toxicity
= standardni usporadani:

= 96 hod, Erlenmayerovy lahve, trepani

= sledovani rlstu, poctd bunék, biomasy — kvantifikace chlorofylu
(fluorescence)

= Miniaturizace
= mikrodesticky

O ﬁa Sy
s Selenastrum capricornutum
s Scenendesmus subcapitatus

s SC. quadricauda
s Chlorella vulgaris

= Sinice
s Microcystis aeruginosa

47




Producenti - rasy
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Producenti - rasy

Rasové testy toxicity

ALGALTOXKIT (TM)
Selenastrum capricornutum
Alternativni mikrobiotest
miniaturizace

rychla dostupnost zivych ras
(alginatoveé kulicky)

ALGALTOXKIT F™
MICROBIOTESTS

Cost-effective. culture/maintenance free® bioassays

with the micro-algae Selenastrum capricornttim
{ranamid Saphidocoells mibcapiiate Prewdolircheriella suboapliala)

The micro-algae
iy are included in
. | g ﬁ‘.ﬁl{.ﬂi the ](its in “algal
beads™ from
l which they can be
set free “on

demand™

Each Algaltoxkit

contains all the materials
to perform two

T2h growth inhibition tests




Rasovy test toxicity (ISO 8692)

Podstata: inhibice rlstu jednodruhového rasového kmene
kultivovaného v presné stanovenych podminkach v
koncentracni rade zkousené latky

Zkusebni organismus — planktonni zelené rasy

Scenedesmus subspicatus /L/
Selenastrum capricornutum P ~
Voda — u Zivného substratu a roztoku b mad - &
zkousenych latek se pouziva deionizovana [ e N
voda nebo voda obdobné jakosti |
Ziviny a jejich roztoky: 4 zasobni roztoky Y 1
dle danych koncentraci, sterilizované | s ]
membranovou filtraci nebo v autoklavu s —
(4. roztok ale nelze)
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Rasovy test toxicity (ISO 8692)

= Postup zkousky:

Zasobni roztok zivin — vzdy Cerstvy, pred pouzitim 30 min provzdusiovat nebo ponechat pres
noc v kontaktu se vzduchem

Pomoci hydroxidu sodného nebo kyseliny chlorovodikové se pH upravi na hodnotu 8,3+0,2

Pfiprava inokula — 1dil zasobniho roztoku na 8 dil( vody, ktery se doplni inokulacni kulturou v
exponencialni fazi rlstu na koncentraci 10 000 bunék/ml

Volba koncentracni fady — dle predbézné zkousky...

Priprava zasobnich roztokd zkousené latky — roztok, ktery dale redime
Priprava zkusebnich roztok{ — vysledny objem by mél byt stejny

6x kontrola, 3x kazda koncentrace

s Inkubace:

s Méreni:

Teplota 23+2°C
Bilé svétlo od 400 nm do 700 nm, 6 000 — 10 000 Ix.

Trepat, michat nebo provzdusnovat —zajisténi vymény plynt a
udrzeni pH.

Minimalné po 24 hod., vzorek odebrat pipetou a nevracet zpét
Ukoné&eni nejdriv po 72 hodinach




Rasovy test toxicity (ISO 8692)

Miniaturizace — sérologické desticky

= Rozmér 9x12 cm, 96 jamek o objemu 0,25 ml
Prakticka ukazka s dichromanem draselnym
= koncentracni rada: 20; 10; 5; 2,5; 1,25; 0,625 a 0,3125 mg/|;
= ZBB médium sterilizované v autoklavu;

= zkuSebni organismus Scenedesmus subspicatus
= osvéetleni standardni zarivka 40 W

= EC50 = 5,5 mg/l

= NOEC = 2,5 mg/l

Zavislost inhibice na koncentraci dichromanu draselného

120

100
80 /
=
9 60
(%]
2 40 /
= 2
0 “\-’—J—’/I T T T T T T T
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Producenti -

rasy

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

Microalgae

Test type

Static

Organisms

Number of organisms
per chamber (£10%)

Experimental design
Test vessel type and size
Test solution volume

Number of replicate chambers
per sample
Test duration

Physical and chemical parameters
Water temperature

Light quality
Light intensity

Photoperiod
Test solution pH

Endpoint

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

Saltwater species: Skeletonema costatum,
Thalassiosira pseudonana, and Dunalielia fertiolecta

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

Navicula pelliculosa

Microcystis aeruginosa

Anabaena flos-aquae

Saltwater species

2 x 10% cells/mi
5 x 104 cells/mi
2 x 10% cellsfm
2 % 10° cells/ml

Sterile Erlenmeyer flasks of borosilicate glass, any size
Mot o exceed 50% of the flask volume for tests
conducted on a shaker, and not maore than 20% of the
flask volume for tests not conducted on a shaker

2 or more

96 h

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%:

60 PE m-#/s-' (4300 Im/m?) for freshwater diatoms and
green algae

30 pE m-=/s7 (2150 Im/m?) for freshwater blue-green
algae

82-90 PE m-¥/s~' (5900 to 6500 Im/m?) for Thalassiosira

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

14 h light'10 h dark for Skeletonema

7.5 + 0.1 for freshwater

8.0 £ 0.1 for saltwater

Biomass, cell number, area underreath the growth curve




Priklad — ekotoxicita cytostatik

(Zounkova et al. 2010 Chemosphere 81:253-260)

5-Fluorouracil

Cytarabin

Gemcitabin
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growth inhibition [%]

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.




Producenti vodni — vyssi rostliny

Test s okrehkem (ISO 20079; OECD 221)
a Lemna minor (Lemna gibba), 2-5 listkG  §
» standardni usporadani:

= 96 hod — 1 tyden, 24 °C, 6-10 tis Ix, pH 6,5

= kadinky 150 ml

= 10 liskd/kadinku

= vyhodnoceni rlistu, biomasy, poctu listk(l — srovnani s kontrolou

s |ze vyuzit analyzy obrazu

= Vvalidace:

= pridmeérny pocet listkl v kontrole vzrostl 8x
= pH se nezménilo po dobu testu vice nez 0 1,5
s IC;, pro K,Cr,0- je 10-60 mg/L
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Konzumenti - Bezobratli

= jsou velmi bézne, nékdy je ekotoxikologie zamenovana s
"Daphniovymi biotesty,,
» standardni usporadani
= kadinky, akutni testy 48 h, prolongované testy 21 d
= hodnoceni letality, ristu ...
» kratkodobé - zpravidla statické
s Akvaticti planktonni korysi - nejcastéjsi
« Daphnia magna, Ceriodaphnia dubia,
Artemia salina (morska)
= Dalsi bezobratli
» bentiCti — Gammarus, Hyallela azteca
« malostétinatci — Tubifex, Lumbriculus
= plzi - pisecCnik
« hmyz — Pakomari (Chironomus), jepice ...
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Daphnia magna Artemia salina Chironomus riparius

Potamopyrgus antipodarum
Pisecnik novozélandsky

Tubifex tubifex
Niténka obecna

: f’ } r:’ ‘: . ]
:g,,#"i- 5%
' N ™
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ALTERNATIVNI MIKROBIOTESTY (“"toxkity") s bezobratlymi

www.microbiotests.be

THAMNOTOXKIT F™
MICROBIOTESTS
*Test organisms are included in the
kits as “dormant eggs (cysts)” - te
which can be hatched “on demand”™ With the
crustacean
_ _ 1n
Thamnocephalus
platvurus 1cl
I~

OSTRACODTOXKIT F™
MICROBIOTESTS

FOOX]CITY TESTING

Contains all the materials to
perform three
48h reproduction assays

With the

- benthic crustacean

Da phtO?(klt > Vi Heterocypris
obsahuje tzv. efipia incongruens

coz jsou zvlastni
chitinova pouzdra
uzavirajici zimni
vajicka (dormantni
stadia perloocek)
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http://www.microbiotests.be/

Daphnia magna test (ISO 6341)

s Podstata testu

= Zjistuje se pocatecni koncentrace ucinné latky, ktera za 24/48
hodin imobilizuje 50% testovanych jedinct

» 24h -> 24h EC50
= 48h -> 48h EC50

= Podminky zkousky
= Tma nebo fotoperioda 16h svétlo/8h tma
= Latky podléhajici rozkladu na svetle testovat ve tmée
= Teplota 20°C + 2°C

= Bez toxickych vypar({ ¢i prachu
ovliviujicich priibéh testu

dvouvétevné antény

slozené oko hepatopankreas

naupliové o€ko 7 -
\ nervova soustava

antenuly y T
2.\ vajecnik

koncetiny m l stfevo

fitnf otvor zarodecny prostor
drapky s vyvijejicimi se zérodky

spina




Daphnia magna test (ISO 6341)

a Chov

= Krmime 1x denné mikroskopickou rasou
= Do testu nasazujeme jedince mladsi 24 hodin

= V predstihu (2-3 dny) odlovime gravidni samice do samostatné
nadrze

= Po vylihnuti sitkou lovime narozené jedince a nasazujeme ihned do
testu

= Redici voda = medium
CaCl2 - 2H20 11,76 g/l
MgS04 * 7H20 4,93 g/|
NaHCO3 2,59 g/|
KCl 0,23 g/I
Kazdou navazku rozpustime v 1l destilované vody
pH roztoku 7,8 + 0,2
Z kazdého ze 4 zasobnich roztokl odebereme 25ml a doplnime destilovanou vodou na 1l
Pred pouzitim v testu provzdusniujeme do nasyceni
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Daphnia magna test (ISO 6341)

1 ’ i |
i i i
" y 5
i i
i :

5 4 3

2 1

Larvy (Instar 1T - IT)
phipravené pro test toxicity

cs G4 c3 C2 (1

Petriho miska
s larvamit

A
mikropipeta
B R
. destick G:\
¢ . m e
D //£
OOV
1 2 4 5 6 3 088888 j
‘10
Rontrola ZVvE koncentrace toxikantu L_. D OOOOOO _,__I
-
@ Prencs cca 50 kor'jrﬁﬁ" T © Ptenos 10 larev do kazdé
de kazdé fedici Jjamky . testovaci jamky
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CSN ISO 10706 Jakost vod - Stanoveni chronické toxicity latek
pro Daphnia magna Straus (Cladocera, Crustacea)

e organismy mladsi 24h

e 10 organism{ na koncentraci

e individualné v 50ml media M4/kadinku
e médium vyména 3x tydne

e expozice 21 dni

e teplota 20 2 C

e pH6-9 ( 1,5)
e rozpusteny 02 > 3mg/I

» fotoperioda 16 h svétla / 8 h tmy
e krmeni smés ras

e Jednou tydneé: O,, teplota, tvrdost a pH v médiu, kontrolnich nadobach a u
nejvyssi zkusebni koncentrace.



http://images.google.com/imgres?imgurl=www.naturegrid.org.uk/biodiversity/invert/graphics/daphnia.jpg&imgrefurl=http://www.naturegrid.org.uk/biodiversity/invert/daphnia.html&h=237&w=269&prev=/images?q=daphnia&svnum=10&hl=cs&lr=&ie=UTF-8&oe=UTF-8&sa=G

el

Sledované parametry
= Mortalita, prezivani

= Reprodukce

= Pocet narozenych juvenill
= Den prvni reprodukce

= Chovani - zptsob pohybu

koncen trace 15 mg/|
240

220

200

180

160

140 —e— control

—=— BIOMASS

—— AQ.EXTRACT
100 —4— C18 PERMEATE
—e— C18 ELUATE
~#— SPINACH

120

80
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40

10 12 14 16 18 20 22

pezveri (79
5 8 8

S

0 2 4 6 8§ 0 2 # ® 8B D 2
&)

dalSi parametry (zbarveni, tukové
kapénky, velikost gonad)
- méreni délky matecnych organismu
na konci zk.
- velikost a pocet potomk{ jednoho
organismu
- pocet potracenych pladkad, ...



Daphnia magna akutni vs chronicky test

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
Test solution volume
Number of replicates
per sample
Feeding regime

Test duration

100 ml beakers
80 mi
2 (minimum)

Various combinations of trout
chow, yeast, alfalfa, green algae,
and diatoms given in excess

21 days

Physical and chemical parameters

Water temperature
Light quality

Light intensity
Photoperiod

pH range
DO concentration
Aeration

Endpoint

20°C
Ambient laboratory
levels
Up to 600 lux
16 h light and 8 h dark
(with 15- to 30-min transition)
7.0-8.6
40-100%
Not necessary

Survival, growth, and
reproduction

250 mi
200 mi
3 (minimum)

Do not feed

48 hr

20 £ 2°C

Ambient laboratory
levels

540 to 1080 lux

16 h light and 8 h dark

7.0-8.6
60-100%
none

Immobilization
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Priklady vysledk@i — D. magna

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. magnaimmobilization B D. magna reproduction
1001 1004 A -
o _
& 75 < 80
5 <
'-% g 60-
N 507 5
g £ 40-
E ¥ 20-
0- oimﬂ_mﬂmmm
1 10 100 1000 0.01 041 1 10 100 1000
concentration [mg/L] concentration [mg/L]

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).




Priklady vysledk@i — D. magna

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

Reprodukcni toxicita 5-

>
—
S

Akutni toxicita — imobilizace “ FU
o
3? 1979 E 50 1 —#— control
b o
el ] m
& i i b= —=~ 0.001 mg/L
g 80 /! -E 40 |
ﬁ J{,’ (o] —— 0.01 mg/L
— [s]
7 60 ; Z 30 —¢ 0.1 mgiL
g / - 5-FU 3
]
£ 40 : -B CytR ® 20 - 1omat x
. z & 10mglL
= -h- Q
20 - - - GemC g 0]
__ﬁ;glf'l l~ A~ dFdU
0 T T 1 0=
1 10 100 1000 0 3 6 9 12 15 18 21
concentration [mg/L] day

Fig. 1. Ecotoxicity (concentration—-response

curves) of the studied cytostatic drugs Fig. 2. Effgcts of 5-f|uorouraci| (5-FU) on the
and their metabolites. (A) Daphnia magna reproduction of Daphnia magna (numbers
acute immobilization test. of offsprings) in the 21-d chronic test.
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Toxicita porové vody/vyluht

100 g d.w./L vody, 24h pomalé trepani, filtrace, test
V. fisheri (30 min), rasy, bezobratli - D. magna (2 dny)

Kontaktni toxicita

Doporuceny nejméné 2 rtizné druhy (napr. Hyalella, Chironomus,
Daphnia, ...) a dva rlizné sledované parametry (nap¥. riist, preziti,
reprodukce...)




Ekotoxikologickeé biotesty se sedimenty — prehled EPA

Test Medinm

Species

Common Name

Freshwater benthic

Chironomus dilufus

Chironomid, nudge larvae

Chironomus riparius

Chironomid, mudge larvae

Hyalella azteca

Amphiped, scud

Lumbriculus variegatus

Oligochaete, “worm™

Gammarus pulex

Amphipod

Hexagenia limbarta

Ephemeroptera, mayily

Tubifex tubifex Oligochaete
Diporsia sp Amphipod, Great Lakes
Marine Benthic Americamysis bahia Mysid shrimp
Ampelisca abdita Amphiped (Atlantic)
Epohausforius estuarius Amphipod (Pacific)
Leprocheirus plumulosiis Amphipod (Atlantic)
Rhepoxynius abronius Amphipod (Pacific)
Grandidierella japonica Amphiped




Ekotoxikologické biotesty se sedimenty — prehled EPA

Fsammechinus miliaris Shore urchin
Mercenaria mevcenaria Hard shell clam
Mulinia lateralis Drwarf surf clam
Microtex (Fibrio fischerii) Bacteria

Freshwater Pelagic Ceriodaphnia dubia Cladoceran, water flea
Daphnia magna Cladoceran, water flea
Daphnia pulex Cladoceran, water flea
FPimephales promelas Fish, fathead nunnow
Salvelinus fontinalis Fish. brook trout
ﬂ.limr'hl'u nehus mykiss Fish, ramnbow trout

Marine Pelagic Atherinops affinis Fish, topsmelt
Cyvprinodon varigganis Fish, sheepshead minnow
Menidia beryllina Fish, silverside

©)] -




Chironomus test (OECD 218)

= Modelovy organismus: Pakomar Chironomus sp. (samec k
rozeznani dle ochmyrenych tykadel)

Chironomus riparius

Chironomus tentans

Chironomus yoshimatsui




Chironomus akutni test

= Nasazovany larvy ve stadiu 2-3 instaru (cca 10 d starée)
» 10 jedincl/kadinku

s 100 ml sedimentu/175 ml vody

s [eplota 20 + 2°C

» Pravidelné krmeni, vzduchovani

s Fotoperioda 16 h svétla / 8 h tmy

s Sledovano pH, kyslik, vodivost

= Po 10 dnech hodnoceno prezivani a rlst




Tubifex tubifex - Niténka obecna

kmen: KROUZKOVCI
trida: opaskovci
podtrida: malostétinatci
= Soucast makrozoobentosu
= Relevantni organismus pro sediment
Inhibice pohybu a letalni koncentrace

Akutni test

Test je urcen k hodnoceni akutni toxicity latek na niténky. Niténky patfi mezi
nejcastéji a nejdéle pouzivané testovaci organismy.

Princip:

Test spociva ve sledovani chovani a prezivani nitének v odstupnovanych

koncentracich latky ve srovnani s kontrolou v redici vode. Expozice je 48 h.
Mozno i prolongovany 10-14 denni test

Hodnocené parametry: prezivani, aktivita, bioakumulace




Potamopyrgus sediment test

trvani 4 tydny (popr. 8 tydnii)

nadoba objem 11

meédium 800 ml vody

expozice  staticka, 50 g sedimentu

odbéry 20 jedincti po 4 (8) tydnech

mortalita; zmény v morfologii pohl. organti; pocet
parametry embryi, pomér embryi bez ulity a s ulitou

<+ nizké naroky na kultivace

- nedostatecna velikost pro biochemickeé
analyzy




EKOTOXIKOLOGICKE BIOTESTY
- PRIKLADY -

- KONZUMENTI - OBRATLOVCI -

o




Konzumenti, dravci - obratlovci

Rybi biotesty
= standardni usporadani:

akvaria

akutni testy 96 h, prolongované a embryolarvalni testy dny az
mésice

hodnoceni letality, rlistu, rozmnozovani

testy karcinogenity (nadory)

testy xenoestrogenity (vyvoj oboupohlavnik()

rlzna usporadani (statické, pritocné ...)

= Rybi druhy

Pstruh duhovy, Zivorodka duhova (pavi ocko), Karas, Kapr, Strevle
(Pimephales promelas)

= Specifické testy (endokrinni disrupce, karcinogenita)

Halamcik ryzovistni — Japanese medaka
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Pouzivané druhy

Brachydanio rerio, Danio rerio Pimephales promelas (strevle
(danio pruhovany, zebricka potocni) e
pruhovana)

Poecilia reticulata (zivorodka
duhova, pavi ocko)
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Akutni testy

CSN EN ISO 7346-1 (75 7761) Jakost vod — Stanoveni akutni letaIni
toxicity latek pro sladkovodni ryby Brachydanio rerio Hamilton-Buchanan
(Teleostei, Cyprinidae) — Cast 1: Staticka metoda

CSN EN ISO 7346-2 (75 7761) Jakost vod — Stanoveni akutni letaini
toxicity latek pro sladkovodni ryby Brachydanio rerio Hamilton-Buchanan
(Teleostei, Cyprinidae) — Cast 2: Obnovovaci metoda

CSN EN ISO 7346-3 (75 7761) Jakost vod — Stanoveni akutni letaIni
toxicity latek pro sladkoqunl' ryby Brachydanio rerio Hamilton-Buchanan
(Teleostei, Cyprinidae) — Cast 3: Prlitocna metoda

OECD 203: Test akutni toxicity na rybach — vysledkem je
koncentrace, ktera vyvola 50% uhyn ryb (96h LC50)




= 26 July 2013 - Test No. 236: Fish Embryo Acute
Toxicity (FET) Test . O @ Q

= Considered as alternative to acute toxicity assay NO. 203 Q Q g
e R -

The new OECD TG 236 was adopted in July 2013:

24-well plates
v newly fertilised (glass or polysterene)

zebrafish eggs
(20/concentration +

water control + ﬂ: | @ %g% 421.:

positive control + - II -

solvent control) T > 72 h
vatleast5 / u o 88% 96 h
X LK)

concentrations.

EE: o b

190+
= 110
Bl
$ = % x
- T
: : $5 o
Endpoints for mortality: 8
Coagulation, lack of somite, p‘lg 30
non-detached tail, lack of LY e
heartbeat R | .
1 1@ 1040

Comosntration naphtalens [mg'L]

FET is considered as an alternative to the

fish adult test for animal welfare reasons on 82



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

Embryonalni test s Danio rero (OECD 236)
*Expozice - od vaji€ka (1-3 h po oplodnéni) do max 4-5 dni
(spotrebovava zZloutek a neprijima externi potravu)

‘Realizace (dle OECD) v 24-jamkovych deskach
20 vajicek individualné v jamkach a 2 mL média

‘Vyhodnoceni — mortalita, pohyby, délka, morfologické zmeny

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




OECD testing guidelines

http://www.oecd.org/env/ehs/testing/seriesontestingandassessmentecotoxicitytesting.htm

= 28 July 2015 - Test No. 240: Medaka Extended One
Generation Reproduction Test (MEOGRT)

= From FO (3 weeks)
- via F1 (15 weeks)
- F2 (2-weeks posthatching)

= survival, gross development, growth and reproduction (fecundity)

= Mmechanistic information - vitellogenin, secondary sex characteristics,
histopathology




Fartilisation ENDOGENEOUS FEEDING EXOGENEOUS FEEDING Maturation
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Obratlovci - obojzivelnici

FETAX — Frog Embryo Teratogenicity Assay Xenopus
s Drapatka (Xenopus laevis), http://drapatka.ic.cz/
= Usporadani:
= toxikologie — experimenty s vajicky, embryi a larvami - petriho
misky
= 96 h (dosazeni stadia larvy bez zloutk. vaku)

= Vyznam:
= [est teratogenity
= Neni nutné povoleni na testy s obratlovci

= Mozna extrapolace vysledkd na jiné organismy véetné savcl s 85%
pravdépodobnost*

86


http://drapatka.ic.cz/

Xenopus life cycle

Adult (stage 66)

Free-swimming ladpole (stage 45)

1

Tailbud embryo (stage 235)
s\”"‘.’)R

Organogenesis

{stage 16 (slage 12!
(dorsal view)




Obratlovci - zaby

NaHCO3

KCI

CacClz2
CasS04.2H20
MgSo4

H20

pH

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

Test type

896 h static renewal

Organism
Age of parent arganism

size of parent organism

Feeding

Experimental design
Test vessel type and size

Test solution volume

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

par sample
Number of organisms

per chamber

Test duration

Physical and chemical parameters
Temperature

FPhotoperiod

pH range

TOC

Alkalinity and hardness

Endpoint

Xenopus laevis

Adult male: at least 2 years of age

Adult female: at least 3 years of age

Adult male: 7.5-10 cm in crown-rump length

Adult female: 10-12.5 cm in length

Aduit: three feedings per week of ground besf
liver; liquid multiple vitamins should be added to
the liver in concentrations from 0.05-0.075
cc/'S g liver

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

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

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

Adults: water depth should be 7-14 em

Embryos: 10 ml per dish

Continuous throughout test

Every 24 h

5

2

Adults: 4—6 per 1800 em? of water surface area
Breeding adults; 2

Embryos: 25
88 h
Adult: 23 £ 3°C

Embryos: 24 4 2°C

12 h light / 12 h dark

6.51l09

10 ma

Between 16 and 400 mgil as CaCQ,

Acute (mortality) and subacute (teratogenesis)




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) 31 day 4h day 5t day | (%)
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 2.15P

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
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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 (25-250 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.
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Surviving embryos (%)
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OECD testing guidelines -

http://www.oecd.org/env/ehs/testing/seriesontestingandassessmentecotoxicitytesting.htm

= 08 Sept 2009 - Test No. 231: Amphibian Metamorphosis Assay
= Xenopus laevis, Starts with stage 51
= After 7 days - measurement of the length of the hind-limb

= Termination (21 days) - developmental stage, snout-to-vent and hind limb
lengths

1 Impregnation
| Hatching
46

| Premetamorphosis “F !

53/54

‘ Prometamorphosis %

57/58 SEPT
Climax %
”

-

66 Froglet ' Developmental stages are according
_ : to Nieuwkoop and Faber




OECD testing guidelines -

http://www.oecd.org/env/ehs/testing/seriesontestingandassessmentecotoxicitytesting.htm

s 28 July 2015 - Test No. 241: The Larval
Amphibian Growth and Development Assay
(LAGDA)

= Xenopus laevis, starts with tadpole stages 8-10

= 16 weeks

= growth, development, metam = Teme. U Hubes
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e
W
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EKOTOXIKOLOGICKE BIOTESTY
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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 zmeén prirozené luminiscence — odpovida toxicite

- usporadani:
kyvety (zkumavky), stanoveni v luminometru




Mikrobialni ekotoxikologické biotesty

(2) Rustové testy toxicity s bakteriemi

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

- expozice 16 hodin

- kultivace bakterii (Erlenmayerovy nadoby, miniaturizace —
mikrodesticky)

- vwvhodnoceni — narust biomasy (zakal)




Zounkova, R., Z. Klimesova, 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):
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OTC Fig. 1. Ecotoxicity (concentration—response curves) of the studied antimicrobial drugs. (A) Pseudomonas purida growth inhibition test. (B) Inhibition of

luminescence of Vibrie fischeri. (C) Growth inhibition test with Pseudokirchneriella subcapitata. (1) Growth inhibition test with Lemna minor.
OTC = oxytetracycline hydrochloride (black circles), FLU = flumequine (white triangles). The symbols represent mean and standard deviations of three
independent experiments.




Mikrobialni ekotoxikologicke biotesty

(3) Bakterialni testy GENOTOXICITY

-Casto uzivané biotesty hodnoceni genotoxicity Cistych latek i smési
- horsi extrapolace pro €lovéka -> nemaji metabolizacni enzymy:
bioaktivace (modifikace — externi pridavky S9 frakci)

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

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

BICLUMINESCENT GENOTOXICITY
(DNA DAMAGE) SENSOR

DNA damage
hazards




Zounkova, R., Z. Klimesova, 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):
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Fig. 3. Comparison of genotoxicity of the studied antimicrobial drugs in the SOS-chromotest. OTC = oxytetracycline hydrochloride, FLU = flumequine.




Pldni biotesty
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Pludni biotesty s
mikroorganismy




Testy s ptidnimi mikroorganismy

OECD 216 (2000) Soil Microorganisms, Nitrogen Transformation Test

OECD 217 (2000) Soil Microorganisms, Carbon Transformation Test

IS0 14238 (1997) Determination of nitrogen mineralization and nitrification in soils and the influence
of chemicals on these processes




Endpointy v mikrobialnim testu

= Standarné pouze mineralizace dusiku a uhliku jako
produkci CO, a sumy mineralnich forem dusiku (NH,+,
NOZ-I NOB_)

s Lze ale stanovit i dalSi parametry:
= Mikrobialni biomasu

Substratem indukovanou respiraci

Enzymatické aktivity

Kinetiku mineralizace Ca N

Amonifikaci, nitrifikaci

Diverzitu

= Vystupy: NOEC, LOEC, LC50, EC50, IC50 ...




Pidni biotesty s bezobratlymi




Zizaly v ekotoxikologii

= zizaly jsou asi nevice a nejdéle ekotoxikologicky uzivany predstavitel
pUdni fauny

Vyhody a diivody:
= cely vyvojovy cyklus probiha v ptdé - typicky geobiont

s zkonzumuji velka mnozstvi pldy (vysoka expozice potravou a
akumulace kontaminantii)

= maji velmi Uzky fyzikalni kontakt s plidou (expozice pokozkou)

= Maji vyrazné bioakumulacni a biokoncantracni charaktery
(jejich analyzou posuzujeme vliv delSiho casového obdobi) = patri
mezi tzv. makrokoncentratory

= Vvysoky a vyznamny podil na tvorbé pldy, dekompozicnich
procesech, ptdni Grodnosti

= klicové postaveni v prenosu polutantti v potravnich retézcich
= vyskyt témér ve vSech plidach ve vysokych poctech i vahach

s osvedcené, zavedené v laboratornich testech (nenarocny chov)
= snadno se identifikuji v realnych vzorcich (diky velikosti)







V riiznych testech rtizné endpointy

= Mortalita

= Reprodukce

= Zmeény vahy

= Behavioralni zmény
= Malformace

= Fyziologické zmény
= Snizeni imunity

s Aktivity enzym(

s Biochemické markery
= Genotoxicita




Eisenia fetida

Vyhody

= Standardni druh

» Snadna kultivace velkych poctd
s Kratky zivotni cyklus

i+ 23 days

/ Incubation period

Cocoon

Eisenia fetida C‘;’;..D

Temperature 25 °C Hatchlings
Moisture + 76 % {2 3 hatchiings per

cocoon)
Mating (Venter a Reinecke 1988]

Clitellum deveiopment




Eisenia fetida reprodukcni test - zacatek

Ovlhcena AS
rozvazena do l
testovacich nadob

Pridavek 10 adultt do Zvazeni jedincu Vyber 10
nadoby na test reprezentativnich

_ adultl z chovu a

jejich omyti dH,0




E. fetida test — po 28 dnech

Nadoby béhe,m Festu v Prohlidka nadob (znAmky
kontrolované mistnosti aktivity)

Zvazeni zizal Zhodnoceni mortality




E. fetida — po 8 tydnech

Po cca 20 min
juvenilové na
povrchu

Sbirani a
pocitani

Vodni lazen s narustajici teplotou
40°C az 60°C
*u\ » At

Presati ptudy

_ Rucni tridéni kokonu Poditani
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Earthworm Avoidance Test

Guideline:
Species:
Substrate:
Duration:
Parameter:
Test vessels:

ISO/DIS 17512 (draft)

E. fetida / E. andrei
LUFA St. 2.2 standard soil
1 - 2 days

Behaviour of the worms
Dual chamber




Dalsi modelové organismy — ptdni bezobratli

Roupice (napr. Enchytraeus crypticus)

N "\ i 3 i

Chvostoskoci (napr. Folsomia candida)

Hlistice (Caenorhabditis elegans)

Plzi, napr.
Helix pomatia (hlemyzd’ zahradni),
Arion ater (plzak)

Poecilus cupreus Linyphiidae |



Ekotoxikologické biotesty — konzumenti - bezobratli

TERESTRICKE PROSTREDI

Dalsi biotesty s terestrickymi bezobratlimi

VCELY

- testovani insekticidt
- davkovani v potrave

Moucha domaci | ) Drosophila
i o (hodnoceni aenotoxicity)




Terestrickeé prostredi

= Akutni oralni toxicita pro v€elu medonosnou
= Metoda C.16 podle prilohy smérnice 2001/59/ES
= Podstata metody:

= dospelé delnice vcely medonosné (Apis mellifera) se exponuji rade

davek zkousené latky rozptylené do cukerného roztoku

» kazdé zkusSebni skupiné vcel se poda 100-200 pl 50% vodného
cukerného roztoku obsahujiciho zkousenou latku

= po spotrebovani potravy (3-4 hod) se odebere krmici zarizeni a
nahradi se zarizenim obsahujicim pouze cukerny roztok, ktery
mohou prijimat dle libosti

= mortalita se zaznamenava denne behem alespon 48 hodin a
porovnava se s kontrolnimi hodnotami

116
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Pudni biotesty s vyssimi
rostlinami




Testy s vyssimi rostlinami

= velké mnozstvi — obtizna prehlednost

s drivejsi testy zamerene na kliCivost semen a elongaci
korene jsou oznacovany jako pomerne necitlive a malo
relevantni pro ekologii

= pro relevantnéjsi interopretace byly vyvinuty testy
vicegeneracni s moznosti studia subletalnich ucinkd

Nejpouzivaneéjsi endpointy

Klicivost semen (ptdni roztok) - nerelevantni

Elongace korene (pldni roztok ¢i plda)

Rést sazenic

Produkce biomasy

Zivotni cyklus (zmény hmotnosti, pocet kvétd, semen ..)
Enzymaticky test

Fyziologické testy (fotosyntéza, respirace)

N SRS Y =




Testy klicCivosti a elongace korene

¥ semena jsou exponovany v substratu (kfemenny pisek), pldé toxické latce
Ci pfimo v kontaminované pldé z terénu a po 5 dnech se sleduje kli¢ivost -
direct test

X relativné necitlivy: semeno ma bariéry pro vstup latky a energeticky je
sobéstacné, latka ho nemUze stresovat

" postupy se v detailech liSi, nékdy byva primo spojen (US EPA) se
sledovanim délky korene

n jindy se ale vliv na délku korene sleduje jako neprima expozice v roztoku

Test inhibice riistu korene Sinapsis alba

n 72 hodin jsou semena vystavena roztoku latky (+kontrola)
n 20°C; 5ml roztoku na petriho misku; 30 semen na misku; tma
8 stanovi se délka korene a pocet vyklicenych semen

délka korene




Postup salat sety

Germination tests with plants —
testing toxicity in the aquatic media
(Sinapis alba) or in soil (Lactuca sativa)
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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-derivatl 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 =
5. alba =
P. vulgaris + — +
4.7-Phenanthroline T. aestivim + ++ +
alba =
vulgaris + —
aestivum +++ +++ +++ +++ +++ +++ +
alba +++ +++ +++ +++ +++ +++ ++
vulgaris ++ ++ ++ ++ ++ ++ +
aestivim — —
alba - =+ —
vilgaris — ++
aestivim — -
alba = —
vilgaris — —
aestivim — —
alba — —
vulgaris ++ —
aestivim + + + +
+
+
+

1.7-Phenanthroline

Benzo[h]quinoline

Phenanthridine

Anthracene

Acridine
alba +
vulgaris —
aestivim —
alba —
vulgaris —
aestiviam —
alba =
vilgaris +

Fluorene

Carbazole

=

Rl eIl Ba-Riche Ba-Boche Ba- Bl Be-Rche Ba-Richa Ba~B




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

Phaseolus vulgaris Sinapis alba Triticum aestivum

20
15 J

* b

. *

# o -

#

10 .

total length [cm]
|
—
- —

L
He=H
e }—i
*
*
¥ *
-
o
* ¥ *
* * %
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|
|
* ¥ %
* * %

0.02 2 200 0.02 2 200 0.02 2 200

Concentration [uM]

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 korenu do vodnych roztoku (extraktiu), nebo pudnich
vzorku

Obr. 21. Skuska na 4lfivm cepa




Terestrickeé prostredi -
obratlovci

127



Ekotoxikologické biotesty - obratlovci
TERESTRICKE PROSTREDI

Ekotoxikologické testy s ptaky

-usporadani
- dietarni testy toxicity,
davkovani v potrave
- kratkodobé (5 dni expozice + 3 dny)
- reprodukcni testy — dlouhodobé (ty

Hrabavi ptaci, krepelky

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

Kiepelka japonska (2) /

(Japanese quail, Coturnis japonica)

bazant, kur domaci, kachny ...




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
Mys, Potkan, Krecek, Morce

-usporadani
- spise humanni toxikologie, ale mtize 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 testu (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,

an MAREs 2, Miroslava PALIKovA 4 - - -
Jan| ‘ 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,
f ] . MC-LR 1088 pg/g, MC-YR 96 pg/g and 2 non iden-
28 dni expozice v potrave 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

WD

=
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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)




