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i PUdni biotesty

= Testy s pldnimi organismy
= Matrice je plda (solid phase)

= Cil: chranit ptidu a pldni biotu pred ucinky
chemickych latek a dalSimi stresory

= Proc? Plda je nepostradatelna slozka prirody,
zakladna pro rlst rostlin, zasobarna Zivin,
pocatek a konec potravnich retézcl a cykll
prvkd, filtracni a dekontaminacni zéna



i DUsledky expozice v pevné matrici

= Velké odlisnosti od akvatickych test

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

= Pritomnost pevne faze ma vyznamny vliv na
OSUD a CHOVANI chemické I&tky

= V zavislosti na vlastnostech latky, vlastnostech
pUdy a na ¢ase dojde k distribuci latky v pldé

s StéZejnim procesem je SORPCE a dlsledkem je
kliCovy faktor ptdnich testd - BIODOSTUPNOST .



‘L Ktere vlastnosti matrice jsou kriticke

= Obsah organické hmoty — OM, TOC
= Obsah jilovitych castic (g < 10 pm)
= Kationtova vyménna kapacita

= pH

= VIhkost

= Struktura pudy
= Cas




i Legislativa vs ptdni biotesty

= PROC maji pdni biotesty své misto na slunci

= Chemické latky — nové a existujici
= Biocidy — pesticidy, pripravky na ochranu rostlin

= Odpady — kaly COV, sedimenty, popilky,
drevostépka apod.

= Kontaminované lokality — remediace, sanace
= Hnojiva a dalsi materialy vstupujici do ptdy
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Legislativa vs pldni biotesty - CR

1) CHEMICKE LATKY

= Zakon €. 356/2003 Sb., O chemickych latkach a chemickych
pripravcich a jeho provadéci vyhlaska €. 222/2004 Sb., kterou se u
chemickych latek a chemickych pripravkd stanovi zakladni metody
pro zkouseni fyzikalné-chemickych vlastnosti, vybusnych vlastnosti
a vlastnosti nebezpecnych pro zivotni prostredi (ve znéni ve znéni
vyhlasky €. 389/2005 Sb.)

= Jako povinné ekotoxikologické testy jsou uvedeny (vCetné
metodiky):

= akutni test se Zizalou E. fetida

= testy efektl na aktivitu pidnich mikroorganismi pri transformaci
dusiku a uhliku

= test efektl na aerobni a anaerobni transformace v pldé
= Jde v podstaté o prelozené metodiky OECD test{l
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Legislativa vs pldni biotesty - CR

2) PESTICIDY

= Zakon €. 326/2004 Sb., o rostlinolékarske péeci a jeho provadéci vyhlaska
C. 329/2004 Sb., o pripravcich a dalSich prostredcich na ochranu rostlin

Priloha 1: Seznam studii, které musi zadatel dodat pro hodnoceni pripravku

Priloha 2: seznam studii, které musi zadatel dodat pro hodnoceni Ucinné
latky

= S pldnimi biotesty souvisi pozadavek na zhodnoceni vlivl na:

necilové suchozemskeé clenovce (dle metodiky SETAC/ESCORT)

= zizaly (akutni, reprodukce a pokud potreba i polni test)

mikroorganismy (dle metodiky SETAC)

= Vyhlaska €. 327/2004 Sb., ochrana vcel, zvere, vodnich organism{ pred
pripravky na ochranu rostlin

Definuje skupinu prospésnych, necilovych ¢lenovcl = beneficial, non-target
arthropods

Definuje skupinu pldnich organismi

Neobsahuje doporuceni konkrétnich testd



>

Legislativa vs pldni biotesty - CR

3) ODPADY, HNOJIVA A DALSI ...

Zakon 185/2001 Sb., o odpadech a jeho provadéci vyhlaska C.
376/2001 Sb., o hodnoceni nebezpecnych vlastnosti odpadt
(stejne jako EU pod kodem H14 je zde ekotoxicita)

= Definuje hodnoceni Uc¢inkd na vyssi rostliny

= Test inhibice rlstu kofene horcice bilé vyluhem odpadu (Metodika v
Metodickém pokynu MZP ke stanoveni ekotoxicity odpadi - Zpravodaj
MZP 12/1998)

Kontaktni testovani odpadu je opomijeno, a¢ ma pro pevné
odpady nesrovnatelne vyssi vypovidaci schopnost, zejména v
pripadé kall a sedimentd, jez maji byt aplikovany do zemédélskych
pud

Hnojiva — pouze obecné definovano, ze nesmi mit negativni vliv



Legislativa vs pudni biotesty - EU

Council Directive 2001/59/EC adapting to technical progress
for the 28th time Council Directive 67/548/EEC on the
approximation of the laws, regulations and administrative
provisions relating to the classification, packaging and
labelling of dangerous substances

= Priloha V obsahuje metody vcetné ekotoxikologickych biotestl s
zizalami a pddnimi mikroorganismy dle smérnic OECD

Council Regulation (EEC) 793/93 on the evaluation and
control of the risks of existing substances

Regulation (EC) 1907/2006 of the European Parliament and
of the Council concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH)

Technical Guidance Document on Risk Assessment.
Part II: Environmental Risk Assessment. European Chemical
Bureau, Luxembourg (2003) = TGD




Legislativa vs pudni biotesty - EU

COUNCIL DIRECTIVE 91/414/EEC of 15 July 1991
concerning the placing of plant protection products on

the market

= Priloha 1 - seznam Ucinnych latek hodnocenych na evropské Urovni, které byly
seznany, ze rizika jsou prijatelna a neni treba je dale hodnotit na narodni Grovni

= Priloha 2 - seznam studii, které musi zadatel dodat pro hodnoceni Ucinné latky
= Priloha 3 - seznam studii, které musi zadatel dodat pro hodnoceni pripravku

= Priloha 6! - podle ¢eho a jak se hodnoti na zakladé EC? a SETAC? metodik.
Povinnymi testovacimi druhy necilovych ¢lenovcl jsou Typhlodromus pyri (dravy
roztoC), Aphidius rhapalosiphi (lumcik), Chrysoperia carnea (zlatoocka), Coccinela
septempunctata (slunécko), Aleochara bilineata, Poecilus cupreus (strevlik), Orius
laevigatus (klopuska), Hypoaspis aculeifer

1 Guidance document on Terrestrial Ecotoxicology in the context of Directive 91/414/EEC
(SANCO/10329/2002)

». Council Directive 97/57/EC of 22 September 1997 establishing Annex VI to Directive
91/414/EEC concerning the placing of plant protection products on the market

5. Guidance Document on Regulatory Testing and Risk Assessment Procedures for Plant
Protection Products with Non-Target Arthropods. From the ESCORT 2 Workshop
(European Standard Characteristics of Non-Target Arthropod Regulatory Testing). Ed: MP
Candolfi, KL Barrett, PJ Campbell, R Forster, N Grandy, M-C Huet, G Lewis, PA Oomen, R
Schmuck, H Vogt. SETAC-Europe
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Legislativa vs pudni biotesty - EU

Smernice 91/689/EEC o nebezpecném odpadu a seznamu
odpadt (rozhodnuti 2000/532/EC)

Rozhoduijici je 14 kriterii, ktera jsou odvozena z legislativy o
nebezpecnych latkach.

Kritérium H14 znaci ,ekotoxickeé vlastnosti" - odpady, ktere
predstavuji nebo mohou predstavovat akutni nebo pozdni
nebezpedi pro jednu nebo vice slozek zivotniho prostredi.

Zatim neni definovan odkaz k zadné metodé a ani v seznamu
odpadl nejsou ekotoxické vlastnosti blize specifikovany pro
rozhodnuti, zda se jedna Ci nejedna o nebezpecny odpad.

Priloha III direktivy 91/689/EEC pouze uvadi, ze testovaci metody
by mely korespondovat s metodami legislativy pro chemické latky
a dalsimi doporucenimi OECD.

Standard EN 14735 definuje pripravu a nakladani se vzorky
odpadt pro ekotoxikologické testy. V priloze B je obsazen i

seznam pouzitelnych ekotoxikologickych testi. Z pldnich
jsou zde roupice, zizaly, chvostoskoci a rostliny 11



Organizace spojené s pldnimi testy

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

US EPA = US Environmental Protection Agency

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

ANSI = American National Standards Institute

CEN = European Commitee for Standardization

AFNOR = Association Francaise de Normalisation

EEC = European Economic Community

WHO = World Health Organisation

BBA = Biologische Bundesanstalt fur Land- und Forstwirtschaft

OPPTS = The Office of Prevention, Pesticides and Toxic Substances (EPA)
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i Koncepce ptdnich biotestl

13



Co

dni biotesty - koncepce

Response

= e Fg

‘o,

Dose % - %

‘.LP

= Jde o prospektivni pfistup k HODNOCENL
EKOLOGICKYCH RIZIK

= CIL: Urdit, jakd koncentrace chemické latky v padé je
bezpecna

= K tomu slouzi soubor pldnich ekotoxikologickych testl a
nasledne metodika hodnoceni ekologickych rizik
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PUdni biotesty - koncepce

1.

Response

IE> S

Dose

Testuje se chemicka latka = koncentracni
fFada, napr. 1, 10, 100, 1000 mg Cd / kg, che

pldy

Testuje se material typu kontaminovana puda
sediment, kal COV apod. = koncentra¢ni fada
vznika ,,redenlm s referencni plddou,

napr. 10, 20, 40, 80, 100 % kalu s Cistou
pldou 15



Testovani toxicity tuhé matrice




tuhé matrice

i Biotesty jako nastroj hodnoceni kvality

Existuji ISO normy urcujici vybér test

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

= ISO 17616 (2008): Guidance on the choice and
evaluation of bioassays for ecotoxicological
characterization of soils and soil materials

17



Existuji ISO normy urcujici vybér testd

Specified chemical analytical

yes

values according to BBodSchV, ‘ Limitation of utilisation or

LAGA or remediation plan
exceeded (if defined)?

remediation goal not achieved

J

RN

Ecological testing of soil eluate:
toxic effects detectable?

Ecological testing of soil: toxic
effects detectable?

1l no

yes ﬂ ﬂ yes

o ||

Retention function
fulfilled: Low risk of
contamination
discharge or ground
water hazard:
Emplacement as
subsoil possible

Identification of
causalities

Habitat function
fulfilled:
Utilisation or
emplacement as
topsoil possible
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Biotesty jako nastroj hodnoceni kvality
tuhé matrice

Retention function — Biotests with eluates

Ecotoxic / \ Genotoxic

contents contents

Luminescent Algal inhibition test Umu-test
hacteria test

Habitat function - Biotests with solids

/N
Site inherent Added test
i / \ organisms

test organisms

o ————

Bacteria contact test Earthworm avoidance test

o [nd

Plant test Earthworm test Collembolan test 19

Respiration test Nitrification test




i Expozicni systemy

= Chemikalie smichana s ptdou
= Artificialni ptida (OECD, ISO)
= Realna piida (LUFA 2.2 &i jakakoliv jina)

= Aplikace na povrch téla
= Injekce
= Aplikace na prijimanou potravu
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Expozicni cesty v pevhém vzorku

Ingesce a oralni vstup

= potrava a pldni ¢astice - organismy konzumuji mineralni a
organickou hmotu - vyznamna expozicni cesta pro sorbované
chemikalie; kontaminanty se mohou bioobohacovat - napr. v
houbach, které konzumuji chvostoskoci; vyznamna cesta pro
clenovce

Dermalni vstup

= z pldy, z pldniho roztoku - zejména organismy vrtajici v pldé
(zizaly a roupice), které maji tenkou kutikulu a jsou v kontaktu
s ptdou a pérovou vodou; Ize modelovat vysledky i z testd v
akvatickém prostredi pri doplnéni modelu distribuce latky mezi
pUdni roztok a sorpci na ¢astice = tzv. Equilibrium partitioning
theory (EqP)

Dychanim

= nejsou témér zadna data
21



i Artificialni pdda

= 10% Sucha a jemné namleta raselina

= 20% Kaolinitovy jil obsahujici minimalné 30% kolinitu

= 70% Kremenny pisek jemny obsahujici minimalné 50%
zrn o velikosti 0,05 — 0,2 mm

= 0,3 — 1% Uhlicitanu vapenatého, ktery je pridan tak,
aby vyslednée pH bylo 6 £ 0,5

22



‘-L Artificialni vs realna puda:

/




SloZeni artificialni pldy je predmétem
vyzkumu
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LUFA standardni pﬁ dy (http://lufa-speyer.de/)

= Landwirtschaftliche Untersuchungs und Forschungsanstalt Speyer

= prirodni pldy je potifeba pred testy osSetfit: defaunace, Uprava vlastnosti
= Cena: 4 EUR za 1 kg + doprava

LUFA 2.1 LUFA 2.2 LUFA 2.3 LUFA 5M LUFA 6S
organic carbon (%) 0.81+0.21 2.16 + 0.40 0.98 + 0.05 1.29+0.20 1.75+0.11
particles < 0.02 mm (%) 82+0.9 139+11 22.7+11 25.3+1.8 65.1+27
pH (0.01M CaCl,) 51+ 04 54+0.1 6.4+06 72+01 72+01
cation exchange capacity (meq/100g) 4+ 1 10+1 8+2 15+ 3 22+6
water holding capacity (9/100g) 33.2¢+1 48.2+5 344+2 421+ 4 40.7+5
weight per volume (g/1000ml) 1404 + 46 1197 + 60 1291 + 30 1212 + 56 1264 + 90
Particle size (mm) distribution according to German DIN (in %):

<0.002 30+09 64+09 94+09 108 +1.3 421+18

0.002 - 0.006 22+07 35+07 42+08 54+0.3 108+07

0.006 - 0.02 29+07 38+07 91:+05 91:+05 121+13

0.02 - 0.063 53+18 54+12 18.6 + 2.3 195+13 141+ 25

0.063 - 0.2 270+3.1 354+23 293+34 389+10 87+09

0.2 - 0.63 572+43 448 +27 269+0.7 149+10 9.0+0.3

0.63 - 2.0 24+06 07+0.1 25+0.8 14:+01 3207

soil type sand (S) loamy sand (1S) loamy sand (1S) silty sand (uS) clayey loam (fL)
Particle size (mm) distribution according to USDA (in %)

<0.002 30+09 6.4+09 94+09 10.8 + 1.3 421+18

0.002 - 0.05 88+18 122+06 29.8+3.0 275+22 36.0 +2.3

0.05 - 2.0 88.2+12 814+12 60.8 + 2.6 617+3.2 219+16

soil type sand loamy sand sandy loam sandy loam clay




European reference soil set
(IRMM-443-EUROSOILS)
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Davkovani latek do ptdy

= cilem je HOMOGENITA expozice testovanou latkou

ve vodeé rozpustné

= pro pridavek vyuzita destilovana voda, kterou soucasne adjustujeme
potrebné ovihceni pudy, pricemz by jejich koncentrace v pridavane
vode nemela presahovat 50% saturacni koncentrace

nerozpustné ve vodé

1. suspendovany ve vodnim roztoku pomoci nosice, ktery neni toxicky,
je rozpustny ve vode (aceton, etanol, arabska guma) a je volatilni

2. rozpustény v organickém rozpoustedle, které neni toxické a rychle
se odpari

V predchozich pripadech Ize aplikovat:

.. do malého mnoZstvi (1-10%) jemneho kfemenneho pisku; po odpareni
rozpoustédla je tato smés pridana do pldy a promichana

». pfimo do vzorku p@dy (suchy ¢i vihky) s naslednym odparem a promichanim

Ve vsech pripadech je nutno zaradit kontrolu na nosic respektive na
rozpoustedlo

nerozpustneé ve vodé ani ve vhodném rozpoustédle
= Ize smichat pfimo s kiemennym piskem (2,5g pisku na 20g pldy) -,



i Vybér testll do procesti hodnoceni rizik

= Optimalni vlastnosti ptidniho testu jsou:

standardizovatelnost, opakovatelnost, variabilita
prakticka proveditelnost, cena, rychlost

= Citlivost

vypovidaci hodnota, pouzitelnost pro ochranu ZP
= ekologicka relevance

(samozrejmé plati vlastné i pro vSechny dalsi biotesty)

28



Ekologicka relevance testl

= test ma respektovat ekologii organismu

= testované druhy by meély reprezentovat relevantni funkcni
skupinu

= Sledované odpovédi by mély byt ekologicky relevantni a
indikovat stav a funkci organismu (preziti, rist, reprodukce,
prijimani potravy a mobilita)

= pri sledovani reprodukce by méla expozice pokryvat vetsinu
zivotniho cyklu

= abiotické a biotické faktory by mély v testu byt podobné jako v
habitatu

= expozicni cesty by mély napodobovat realné expozice
= biodostupnost kontaminantu by mély byt podobna jako v realu

= koncentrace by mély byt environmentalné realné (u ptdy
obecné pro vSechny latky Ize jako maximum dat 1 g/kg ptdy)

29



Ekologicka relevance organismd

= hraji klicovou roli ve fungovani ptidniho ekosystému

= vyskytuji se v radé ekosystém{ ve vyssi abundanci

= lehce pouzitelné v polnich i laboratornich podminkach
= dostavaji se do kontaktu s polutanty
= jsou dostatecné citlivé na stres

Problém ekotoxikologie obecné:

= V testech pouziji organismy A (z celé rady ddvod(), ale cilové
organismy v systému jsou B =» jaky je vztah vysledkl pro Aa B ?

= Priklad: Eisenia fetida — nejznaméjsi pldni test

30



\" A4 I

Druhy ziza

Eisenia fetida — zije v kompostu 1! Aporrectodea caliginosa 1



PUdni potravni sit’ vs biotesty

; Arthropods
Shredders

Nematodes
Root-feeders

Arthropods

Predators

Nematodes
Fungal- and
bacterial-feeders

A

Fungi
Mycorrhizal fungi
Saprophytic fungi

Nematodes
Predators

Shoots and

23

Organic

Protozoa
Matter ¥V Amoebae, flagellz
Waste, residue and 0 & and ciliates

metabolites from

plants, animals and Bacteria

microbes.
First trophic Second Third trophic Fourth trophic Fifth and
level: trophic level: level: level: higher trophic
Photosynthesizers Decomposers Shredders Higher level levels:
Mutualists Predators predators Higher level
Pathogens, parasites Grazers predators

Root-feeders



i Stupen standardizace pidnich biotestl

1. Mezinarodni standard

2. Draft mezinarodniho standardu
3. Narodni standard

4. Draft narodniho standardu

5. Standardni operacni procedura v ramci reseni
mezinarodniho projektu

6. Popis v literature vedecky oponované
7. Popis v literature kompletni
s. Popis v literature nekompletni




Standardizovanost pudnich testl

Skupina Druh Stupen standardizovanosti
Mikroorganismy |[spolecenstvo 1
Hlistice Caenorhabditis elegans 3
Panagrellus redivivus 6
Plectus acuminatus 5
Roupice Enchytraeus crypticus 1
Enchytraeus albidus 1
Cognettia sphagnetorum 5
Zizaly Eisenia fetida 1
Aporrectodea caliginosa 5
Sneci Helix aspersa 2
Arion ater 7
Chvostoskoci Folsomia candida 1
Folsomia fimetaria 5
Isotoma viridis 5
Roztoli Hypoaspis aculeifer 2
Korysi Porcelio scaber 5

34



Standardy pudnich biotestt - OECD

Schvdlené standardy

207 Earthworm, Acute Toxicity Tests (4th April 1984)

208 Terrestrial Plants, Growth Test (19th July 2006)

216 Soil Microorganisms, Nitrogen Transformation Test (21st January 2000)

217 Soil Microorganisms, Carbon Transformation Test (21st January 2000)

220 Enchytraeid Reproduction Test (13th April 2004)

222 Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) (13th April 2004)

227 Terrestrial Plant Test: Vegetitive Vigour Test (19th July 2006)

Drafty

Predatory Mite Reproduction Test in Soil (Hypoaspis (Geolaelaps) Aculeifer)

Determination of Developmental Toxicity of a Test Chemical to Dipteran Dung Flies (Scathophaga stercorarial.
(Scathophagidae), Musca autumnalis De Geer (Muscidae))

V priprave jsou v této chvili: Folsomia sp. test a bioakumulacni test

35



Standardy pUldnich biotestt - ISO

IS0 15799 2003 | Guidance on the ecotoxicological characterization of soils and soil materials
ISO 11268-1 1993 Effgcfs of .pollu‘ran‘rs on earthworms (Eisenia fetida) - Part 1: Determination of acute toxicity using
artificial soil substrate
ISO 11268-2 1998 | Effects of pollutants on earthworms (Eisenia fetida) - Part 2: Determination of effects on reproduction
ISO 11267 1999 | Inhibition of reproduction of Collembola (Folsomia candida) by soil pollutants
ISO 16387 2004 sit‘:‘/ievc(:‘ls of pollutants on Enchytraeidae (Enchytraeus sp.) - Determination of effects on reproduction and
IS0 20963 2005 | Effects of pollutants on insect larvae (Oxythyrea funesta) - Determination of acute toxicity
ISO 15952 2006 Effecfs of pollutants on juvenile land snails (Helicidae) - Determination of the effects on growth by soil
contamination
ISO/DIs Avoidance test for testing the quality of soils and effects of chemicals on behaviour - Part 1: Test with
17512-1 earthworms (Eisenia fetida and Eisenia andrei)
ISO 11269-1 1993 Determination of the effects of pollutants on soil flora - Part 1: Method for the measurement of inhibition
of root growth
ISO 11269-2 2005 Determination of the effects of pollutants on soil flora - Part 2: Effects of chemicals on the emergence and
growth of higher plants
IS0 22030 2005 | Chronic toxicity in higher plants
ISO 14238 1997 Determination of nitrogen mineralization and nitrification in soils and the influence of chemicals on these
processes
IS0 14240-1 1997 Determination of soil microbial biomass - Part 1: Substrate-induced respiration method
IS0 14240-2 1997 Determination of soil microbial biomass - Part 2: Fumigation-extraction method
IS0 16072 2002 | Laboratory methods for determination of microbial soil respiration
ISO 17155 2002 | Determination of abundance and activity of soil microflora using respiration curves
ISO 15685 2004 | Determination of potential nitrification and inhibition of nitrification - Rapid test by ammonium oxidation
IS0 23753-1 2005 | Determination of dehydrogenase activity in soils - Part 1: Method using triphenyltetrazolium chloride (TTC)




i Standardy v CR

= V CR neexistuje ani jedna CSN zaméFena na

= Zakony odkazuiji na testy OECD
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Standardy pUdnich biotestll — US EPA

850.2450 Terrestrial (soil-core) microcosm test

850.4000 Background-Nontarget plant testing

850.4100 Terrestrial plant toxicity, Tier I (seedling emergence)

850.4150 Terrestrial plant toxicity, Tier I (vegetative vigor)

850.4200 Seed germination/root elongation toxicity test

850.4225 Seedling emergence, Tier IT

850.4230 Early seedling growth foxicity test

850.4250 Vegetative vigor, Tier IT

850.4300 Terrestrial plants field study, Tier TIT

850.4600 Rhizobium-legume toxicity

850.4800 Plant uptake and translocation test

850.5100 Soil microbial community foxicity test

850.6200 Earthworm subchronic foxicity test
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Prirozeni nepratelé
Skddcl z rad
¢lenovct, ktefi jsou
standardizovani ve
smernicich IOBC,
BART, EPPO (Samsge-
Petersen, 1990)

Crop Type of natural enemies Examples?
Cereals Polyphagous predators Pterostichus cupreus**
Bembidion lampros*
Tachyporus hypnorum
Aleochara bilineata*
Linyphiid spiders+
Lycosid spiders+
Chrysoperla carnea*
Aphid-specific predators Coccinella septempunctata+
Episyrphus balteatus
Eupeodes corollaet
Aphid parasitoids Aphidius spp.**
Vegetables Polyphagous predators As for cereals
Aphid parasitoids Aphidius spp.*
Diaeretiella rapae*
Lepidopteran parasitoids Trichogramma cacoeciae*’
Orchards Predatory mites Typhlodromus pyrit*

Amblyseius potentillae*

Aphid-specific predators

As for cereals

Lepidopteran parasitoids

As for vegetables

Polyphagous predators

Anthocoris spp.*

Orius sp.”

Glasshouses

Predatory mites

Phytoseiulus persimilis®

Whitefly parasitoids

Encarsia formosa°

Aphid-specific predators

As for cereals (except syrphids)

Aphidoletes sp.

Aphid parasitoids

As for vegetables

Leaf miner parasitoids

Dacnusa, Diglyphus

Opius*




Testy obecnée

Mladi ale dospeli jedinci (vétsinou 10) jsou exponovani chemikalii (Ci
kontaminovane zemine) smichane s artificialni pudou v nadobkach
ze skla Ci inertniho materialu

Predbézny test - hleddme rozmezi pouzivanych koncentraci (fedici
faktor 10; 0,1 - 1000 mg/kg); mortalita hlavni endpoint hodnoceny
po 2 tydnech

Finalni test - vystupem je funkce zavislosti ucinkl na koncentraci
testovane substance (jemnéjsi skala; nelj]lepe s faktorem 2);
hodnoceny preziti dospélcll po 3 tydnech (mortalita - akutni test) a
pocty juvenild po 6 tydnech (reprodukce - reprodukcni test)

NOEC design — meéne koncentraci, ale vice opakovani - 5 )
koncentracl po 4 opakovanich a kontrolni varianta (bez chemicke
latky, na rozpoustedlo apod.)

EC/LC design — vice koncentraci, méné opakovani — regresni
metody
40



Testy s pidnimi 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

10/g per replicate
aerobic conditions
650% WHC; 22°C; dark




Pozadavky na pldu

= prirozena plda, ktera je vybrana tak, aby byla citliva vici

kontaminaci a splfiovala tzv. "nejhorsi scénar", tj. maximalni
expozici mikroorganismU polutantu v této pldé:

= Vice nez 70% pisku

= pH55-7,0

= Corg0,5-1,5%

= Cbio/Corg vice nez 1% (dostateCné oziveni)

= kationtova vyménna kapacita vyssi nez 70 mmol/kg

= V historicky znamé dobé nekontaminovana (adaptace spolecenstva)

Alternativy:

= vzhledem k moznosti pritomnosti resistentnich mikroorganismu v
realném spoleCenstvu existuji postupy, kdy je do sterilizované
prirozené pldy inokulovana specificka kultura mikroorganismd
(Pseudomonas putida, Bacillus cereus) = plynuly prechod k "solid

phase testlim (SPT)" toxicity s prokaryoty o



Endpointy v mikrobialnim testu

= Standarneé pouze mineralizace dusiku a uhliku jako

produkci CO, a sumy mineralnich forem dusiku (NH,+,

NOz', NO3')
e g qvr B R b oo T

= Lze ale stanovit i dalsi parametry: = |

= MikrobidIni biomasu E

= Substratem indukovanou respiraci ¥ o

= Enzymatické aktivity =

= Kinetiku mineralizace C a N O | ——

= Amonifikaci, nitrifikaci P

= Diverzitu 1 ' ' '

0.01 0.1 1 10
Conc Ag (ppm) in soil

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

100
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Stanoveni mikrobialni biomasy

Fumigacne-extrakcni

N Soil sample
60% WHC:; 2 mm sieved

3x10g; fumigaticn 3x10g,

owvernight no fumigation

extraction in Microbial " extraction in
0.5M K,SO, biomass: 0.5M K, SO,

A4AA E s AAA

Co_E 038

ANALYSES: o F minus NF S ANALYSES:

MF
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Bazalni a potencialni respirace

Voda @
Voda VZOREK :

LA A N E RN ENENNNNNNNNNNN!

N g
| / 40% WHN \
/ Predinkubovan

Vzorek - 60% WHC Vzorek - 60% WHC +
saturujici mnozstvi glukozy

—~—

rodukce CO, méfena ; - : " Produkce GO, méfena
24 h/22°C . . 6 h/22°C .

Bazalni respirace Potencialni respirace

IS0 14240-1

1997 | Determination of soil microbial biomass - Part 1: Substrate-induced respiration method

IS0 16072

2002 | Laboratory methods for determination of microbial soil respiration
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Hodnoceni mineralizace dusiku

Ptedinkubace
60% WHC

Vzorek pudy

v e B

) ) + Piedinkubace
Stanoveni NO;-N + NH; - N 60% WHC

':" Rozdil = mineraliza¢ni =
- potencial :
VAN Ay A

GEREEEENENSNENERAREEEEE
Inkubace 28-30 dni; 25°C A Inkubace 28-30 dni; 25°C

o . +
. | Stanoveni NO;-N + NH, - N Pravidelné odb&ry
Mineralni N — | Vv Zase na produkci
f N03- -N + NH4+- N

Pozn: Ob¢ varianty lze provést
i s pfidanym substratem (napf. siran
amonny, org. hmota). Doba inkubace

pak bude kratii podle koncentrace
substratu.

IS0 14238

1997

Determination of nitrogen mineralization and nitrification in soils and the influence of chemicals on
these processes
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Kratké testy toxicity s pidnimi
mikroorganismy — SIR kinetika

A) Testovani kontaminovanych pid

B) Testovani chemikalii

00
100 T
I
|
I -~
fS i T
- I £
,u }. f:s 10 4
o 101 i 2
g | 8
O i g2
2 Re2 ot i — unpolluted sail {1) -
N '_ ~—polluted soil (2}
R51 tplaklﬂlx’1 : Il
e} H
) Yoo
1 : : : | s =Ly :
0 50 100 150 200 U 80 100 180 200
time [h] e {h] |
IS0 17155 2002 | Determination of abundance and activity of soil microflora using respiration curves 47




Kratké testy toxicity s pidnimi
mikroorganismy — Oxidace amoniaku

ISO 15685 2004 ol?(?;r::g:‘naﬁon of potential nitrification and inhibition of nitrification - Rapid test by ammonium

= Jde o miru nitrifikace = prvni krok nitrifikace
= SNA = short term nitrification assay
= PAO = potential ammonium oxidation

= chlorecnan sodny inhibuje oxidaci dusitanu ®

v. , ~ NO;"
= po 5 i 24 hod stanoveni NO,- /

~

< L)
\'b NOZ- ~
\\
s
o 48

= plda inkubovana v roztoku siranu amonného



Zizaly v ekotoxikologil

zizaly jsou asi nevice a nejdéle ekotoxikologicky uzivany predstavitel
pddni fauny

Vyhody a diivody:

cely vyvojovy cyklus probiha v pldé - typicky geobiont
zkonzumuiji velkd mnozstvi pldy (vysoka expozice potravou a
akumulace kontaminantti)

maji velmi Uzky fyzikalni kontakt s plidou (expozice pokozkou)
maji vyrazné bioakumulacni a biokoncantracni charaktery
(jejich analyzou posuzujeme vliv delSiho casoveého obdobi) = patri
mezi tzv. makrokoncentratory

vysoky a vyznamny podil na tvorbé plidy, dekompozicnich
procesech, ptdni GUrodnosti

klicové postaveni v prenosu polutantii v potravnich retézcich
vyskyt témér ve vsech padach ve vysokych poctech i vahach
osvedcené, zavedené v laboratornich testech (nenarocny chov)
snadno se identifikuji v realnych vzorcich (diky velikosti) 49



+

V rlznych testech byly pozorovany rtizné

endpointy

= Mortalita

= Reprodukce

= Behavioralni zmény
= Malformace

= Fyziologické zmény

= Snizeni imunity

s Aktivity enzymU

= Biochemickeé markery
= Genotoxicita

50



\" A4

Testy se zizalami

Uzivaneé druhy

epigeicka je Fisenia fetida (zizala hnojni)
aneicka je Lumbricus terrestris (zizala obecna)
endogeicka je Aporredoctea caliginosa

E.fetida se v prirodé vyskytuje jen ve velmi organicky bohatych
stanovistich (komposty), coz je nevyhoda

A. caliginosa je rozSirena na pastvinach i na polich, hraje klicovou
roli v pldnich ekosystémech

Pouziva se také Lumbricus rubellus Ci Dendrobaena octaedra

ALE realné pldni zizaly jsou nevhodné diky dlouhé generacni dobé a
diky velkym objemdm pldy, které vyzaduji v laboratofi
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Eisenia fetida

Vyhody

= Standardni druh
= Snadna kultivace velkych poctt
= Kratky zivotni cyklus

t 23 days

/ Incubation period
Cocoon

formation
: 4 days
Eisenia fetida

77 o ﬂ‘ \\v\&.ﬂ , Temperature 25 °C
B ‘ Moisture £ 75 %
Mating \(Vcntcr a Reinecke 1988]
.S\\\Y\\‘H”'/fk/A - 60 days
7 V

Clitellum development

=R

Hatchlings
(z 3 hatchlings per

cocoon)
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\" A4

Chov zizal

Nevyhoda téchto jinak perfektnich testl: naroky na
prostor, cas

boxy 50x50%15 cm s tésnicimi viky

medium 1:1 smes kraviho Ci konského hnoje a raseliny
pH cca /

nekontaminovana amoniakem ¢i moci

pokud vSe jde dobre za 6 tydnl az 1000 Zizal (na 20 kg smési):

tydné 2-5 kokon( s cca 4 juvenily na kokon
v optimalnich podminkach je dospéla za 2-3 mésice

= kulturu Ize také ziskat ve vermikompostovacich firmach

Synchronizace kultury:

= zacne se s kokony, za 3-4 tydny se vylihnou, za 7-8
tydnt dospéji (20°C)
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Akutni toxicita pro £. fetida na filtracnim
papire

48 expozice na navlhcenem filtraCnim papire ve
zkumavkach, 20°C, tma, 10 opakovani na jednu
koncentraci, do jedne zkumavky 1 zizala

Fed finalnim testem provadime test hledajici rozmezi
oncentraci

aplikace je ve vodnem rozroku ci volatilnim rozpoustedle
+ odpareni + ovlhceni

kontaminace se udava v mg/cm2; doporucené
koncentrace jsou 1, 0.1, ... 0.0001

mortalita po 24 a 48 h (= nereaguji na jemny
mechanicky stimul) se prevede na LC50

expozice puze pres pokozku
témer nemozna extrapolace na realnou expozici; velmi
umely test

jen slabé korelace tohoto testu a testu s plidou 54



E. fetida akutni test v ptdé

dospélci E.f. jsou chovany 14 dni v artificialni pidé obsahujici
kontaminant (500 g pldy)

pred finalnim testem provadime test hledajici rozmezi koncentraci

kontaminace se udava v mg/kg; doporucené koncentrace jsou 0.1, 1,
10, 100, 1000

davkovani (rozpustné X nerozpustné x pevné ... klasika)

vyssi koncentrace nez 1000 mg/kg nejsou enwronmentalne relevantni
a nema smysl je testovat

na 1 koncentraci 1 nadoba v predbézném testu a 4 nadoby ve finalnim
testu

nadoba ma 10 jedinct (dospélci: clitellum, vaha 300 - 600mg, vek 2-
12 mésicl, rozdily ve véku by nemély byt vetéi ne? 4 tydny)

kontinualni osvétleni (400-800Ix) zabezpecuje setrvani jedincl celou
dobu v ptdé

mortalita a vaha po 7 a 14 dnech (nereaguji na jemny mechanicky
stimul) se prevede na LC50

doporucuje se uziti referencni latky - chloracetamid (LC50 mezi 20 a
80mg/kg)

kontrola - mortalita méné nez 10% a Ubytek vahy mensi nez 20%  ss



E. fetida reprodukcni test

v nadobach 1-2L s povrchem 200cm?2, vrstvicka asi 5-6cm (500-
600g) AS

potrava 0,5g hnoje na jedince a na tyden

do nadoby 10 dospélcli

1 tyden predinkubace; predbézny test; finalni test

aplikace jako postrik na povrch pidy pro pesticidy (!! az cca 30min
po introdukci zizal) a pro chemikalie vmichani do pudy (pred
introdukci)

2 koncentrace: doporucena davka pro uzivani pripravku a 5x vetsi

20°C; 16:8 400-800Ix; krmeni 5g suseného hnoje tydné

po cca 4 tydnech mortalita, zvazeni, spocitaji se kokony +

juvenilove; oddelaji se dospelci

kokony se inkubuji dalsi Ctyfi tydny - extrakce juvenild ruénim

tridenim

vysledky jsou vaha dospélcli a pocet juvenild na dospélce

KONTROLA musi mit cca 30 juvenild/dospélce; koeficient variance

Br,o reprodukci <30% a mortalita dospélct po 4 tydnech by neméla
yt vetsi nez 10%

REFERENCNI LATKA je doporucovan carbendazim; ma mit

statisticky vyznamny efekt v koncentraci 1-5 mg/kg (250-500g/ha)>¢



Eisenia fetida reprodukcni test - zacatek

Piiprava puad M¢ieni WHC pad Ovlh¢ena AS
rozvazena do

Pridavek 10 adultu do Zvazeni jedincu Vybér 10

nadoby na test reprezentativnich

adulta z chovu a

57
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E. fetida test — po 28 dnech

™
- »

Nadoby béhe/m t/estu v Prohlidka nadob (znAmky
kontrolované mistnosti aktivity)

Zvazeni zizal Zhodnoceni mortality
58



E. fetida — po 8 tydnech

Po cca 20 min
juvenilové na
povrchu

Sbirani a
pocitani

Vodni lazen s nartstajici teplotou
40°C az 60°C

Presati pudy

Ruéni tiidéni kokonu







Priklad hodnoceni pesticidl

Priafung der Auswirkungen
¢ auf Regenwlrmer

‘ 1. Akute Toxizitat (2 Wochen)

Bewertung: tgr= LE50 _
Mortalitat, PEC 10 [

Korpergewicht

Kokons des 2. Einfluss auf die Fortpflanzung
Kompostwurms (8 Wochen)

Bewertungq: _ NOEC
Anzahlder TER = BEC <3
Jungtiere,

Korpergewicht

3. Auswirkungen im Freiland (1 Jahr) ‘

Bewertunq: Individuenzahlen,
Risiken fur Populationen und
Lebensgemeinschaften &

Haturhaushalt ? . ?



* 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
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Testy s roupicemi

vyznam pri srovnani s prostorovymi, casovymi a financnimi naklady
testl na zizalach (maji asi polovicni generacni dobu - 4-6 tydnl
oproti 8 tydnlim u zizal, v testu je potreba jen asi 20g ptdy oproti
1/2 kg u zizal)

NAVIC roupice zastavaji podobné funkce jako Zizaly a v nékterych
systémech je nahrazuji

DULEZITA je také expozice roupic polutantdim (horni vrstvicka
ptdy)

v terénu predstavuji velmi dobry INDIKATOROVY ORGANISMUS, i
kdyz Zizaly jsou asi ekologicky ddlezit&jsi

jako laboratorni testovaci roupice se pouzivaji Enchytraeus albidus,
Cognettia sphagnetorum, E. crypticus, E. buchholzi, E. minutus
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Chovy roupic




Chov roupic

ve smési artificialni pldy a zahradni zeminy (1:1) &i ve smési
raseliny a standardni prirozené pldy LUFA 2.2, ¢i prosté jen v
zahradnim substratu < 2mm

pouzita plida musi byt zbavena fauny (napf. opakované silné
zmrazeni a roztati) a zejména by nemela obsahovat polutanty

Ero vhodnost substratu Ize provest i pfedbézny test ﬁcca 2 tydny),
de jsou indikatory nevhodného substratu behavioralni zmeny
(roupice pohybujici se pouze po povrchu pidy i snazici se uniknout
z nadob 5) nevyskytujici se juvenilni jedinci a Castecky zeminy
qulva]|C| na roupicich

V optimalnich podminkach vytvari pohlavné se rozmnozujici roupice
po rozmnozovani (optimalni teplota do 25 °C) kokon obsahujici
prdmérné 5 - 15 vajlcek Po dvou az trech tydnech se vylihnou cca
1 mm (15 - 20 segmenttl) velci juvenilni jedinci, ktefi dospivaji v
zavislosti na podminkach po 10 az 20 tydnech (duIeZ|ta teplota jejiz
optimum_ lezi mezi 5 - 25 °C), Nove vylihlé roupice ma[]l 15-20
segmentt a jejich pocet pribyva s vékem. Za dospélé [ze povaZovat
tehdy, vyvinul-li se zcela rozmnozovaci system.
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Test na reprodukci roupic — 1. Cast

Je mozno provadét se dvema druhy £. albidus a E. crypticus
Inertni nddobky a v kazdé 20g pldy pro E.a. a 10 g pro E.c.

Podminky testu: optimalni teplota (max 20 °C), vihkost (40 - 60%
WHC), osvétleni (perioda 16:8, 400-800 lux)

10 dospélych jedincl (opasek s teckami vajicek) do kazdé nadobky
Kazdy tyden s vyjimkou prvniho tydne po odstranéni dospélcl je
pridavana potrava (cca 1,2 mg ovesnych vlocek na g pudy).

Mortalita — po 2 tydnech (E.c.) Ci 3 tydnech (E.a.) se spocitaji
dospélci a odstrani se z pldy

Pozorovani morfologickych zmeén Ize provadét na petriho
miskach:
= Jedinci jsou asi 12 hodin nechani na miskach v chladu, ¢imz dojde k
vycCisténi travici soustavy.
= Jedinec je premistén do kapky vody na podlozni sklicko a prikryt krycim
sklickem.

= Pozorovani zacina na 100x zvetseni a detailni studium externich a

internich struktur provadime pri 400x zvétseni. 66



Test na reprodukci roupic — 2. cast

Po odstranéni adultl se inkubuje pouze ptda s kokony — bez
potravy

Po dalSich 2 tydnech (E.c.) i 3 tydnech (E.a.) se hodnoti
reprodukce - fekundita, pro extrakci juvenilnich jedinc(

Metoda mokré extrakce (fixace etanolem a barveni 1% bengalskou
Cerveni po 12 hodinach)

Kontrola v testu (bez aplikace chemikalie i nosice) ma vykazovat
nasledujici parametry:
mortalita dospélcl méné nez 20% na konci testu

rozmnozeni nejméné 25 juvenilnich jedincl na 10 dospélct (pro E.c.
je zo 300 az 500)

koeficient variance pro pocet juvenild méné nez 50%.

Pozitivni kontrola - referencni latka - carbendazim
(1,2+0,8mg/kg by melo vyvolat EC50) 67



Timetable

Period

Range-finding test

Definitive test

Day -7

Preparation of artificial soil

(Mixing of dry constituents)

Freparation of artificial soil (Mixing of
dry constituents)

Day —&

Checlk of pH of prepared AS
Measurement WHCmMax

Check of pH of prepared AS
Measurement WHCmax

|Day -3 to -1

|E-u:-|'tin-;l out of worms for acclimatisation |

|E--:n|tin-:_: out of worms for acclimatisation

Cay -1

Day 0

Premcistening of AS and division into
hatches

FPremcistening of AS and division into
atches

1 Preparation of stock solution

2 Application of test substance

3 Weighing of test substrate into the test
vessels

4 Mixing of food into the soil

5 Introduction of worms

& Measurement of pH and moisture

1 Preparation of stock solution

2 Application of test substance

2 Weighing of test substrate into the
test vessels

4 Mixing food into the sail

5 Introduction of worms

& Measurement of pH and moisture

[Day 7

I-C:hen:k of maoisture |

I-C:heck of moisture; feedling

Day 14

Day 21

Day 42

Determination of martality
Estimation of numibzer of juveniles
Measurement of pH and moisture

[Check of moisture; feeding

1 Removal of adults

2 Check of behaviour

3 Determination of mortality
4 Check of moisture; feeding

I-::heck of moisture

I-C:heck of moisture; feeding

Counting of juvenile worms
Measurement of pH and moisture




ERT je citlivy zejména na pH

Saoil parameter

Mumber of juveniles per worm and week

E. albidus E. cryplicus
Water content
25 % 0,36 +032 3800865
55 % 1.82+088 2,65+ 0609
65 % 162+058 143+028
=N 1,38 £ 0,67 2,11+ 060
pH value
3,2 001 0,01 0,64+ 053
2.6 001002 32705
4.0 030042 549+ 2 35
B3 279+118 478+215
6,8 575+2 11 854 + 1565
7.0 TE3+114 8,25 +0098
org . matter (%)
5 G,4+17 44+06
10 88x22 40+1,.1
20 8,2+24 41+14
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Avoidance test s £. albidus

Napf. testovani odpad artificialni ptida

odpadu

@ 8,4 cm 10 opakovani 2 x 10 g pudy

Hledani Zivych roupic e i
v obou polovinach .

24 hodin



Parameter

Bioakumulacni
test s
malostétinatci

Test organism

Test substrate
Control substrate
Biological parameters
Endpoints

Test duration

Temperature
Light regime & light intensity

Test chambers

Feeding during exposure

Water

Equilibration
Test item
Spiking of soil

Analysis of test item

Number of test concentrations
Test concentrations

Number of replicates per test
concentration/sampling date
Number of organisms per test
chamber

Determination of soil dry weight and
organic carbon content in soil
Determination of lipid content in
biota

Validity of test

Evaluation

Eisenia fetida/andrei, or Enchytraeus albidus. adult worms of
similar size

spiked artificial soil based on OECD guideline No. 207 (OECD

1984)

uncontaminated artificial soil based on OECD guideline No.
207 (OECD 1984)

concentration of test item in worms during uptake and
elimination period

bioaccumulation factor. uptake rate coefficient. elimination
rate constant

uptake period: until steady state or 28 d: plus 10 day
elimination period

20 £ 2°C

constant light: 400 to 800 Ix

e.g. 250 mL/50 mL glass tubes: additional chambers of
appropriate size for chemical analyses

food added to soil directly after spiking: additional feeding
once per week during exposure
periodic addition of deionised water

4 days: spiked soil under test conditions

HC-labelled/metal

if possible. test item dissolved in water mixed with dry soil;
optional: coating of sand

in worms and soil

1 plus control(s)

to be fixed (expressed in Bq or mg kg’ soil dry weight)

at least 3 per sampling date
Eisenia: 1, Enchytraeus: 20

4 samples after soil preparation

4 samples at end of uptake phase”

mortality during test period < 10% (earthworms), < 20%
(enchytraeids)

Use of appropriate methods (e.g. nonlinear re gression analysis,

ANOVA. Dunnett’s t-test)




Testy s chvostoskoky

= ekotoxikologicky dlouho vyuzivane organismy - prvni test na
filtracnim papire byl jiz v roce 1956 s DDT

Vyhody:

dobre prostudovana skupina pldnich bezobratlych
ekologicka relevance

Siroce rozsirené, abundantni v plidach

lehce vzorkovatelni

Ize je chovat v laboratori

relativné rychly zivotni cyklus s vysokou reprodukci

= nejCastéji uzivanym druhem je Folsomia candida
= omnivor (rasy, bakterie, prvoci, detritus)
= lehka kultura

= partenogeneticka povaha neposkytuje prilis ekologicky relevantni
obrazek

= i dalSi druhy: Folsomia fimetaria, Isotoma viridis, Onychiurus
armatus, O. quadricellatus, Orchesella cincta, Tullbergia granulata -+,



i Reprodukeni test s F. candida

Guideline: 1ISO 11267 (1999)
Species:
Substrate: Artificial soll or field soils, e.g. LUFA
Duration: 28 days
Parameter:  Mortality, number of juveniles
Design: NOEC, ECx (30 vessels)
Experience: Wide range of contami-
nated solls (plus a ring-test), §

few tests with waste
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Postup testu s F. candida

Kultivace

na petriho miskach ¢i jinych nadobach, kde je na dne Stukova sadra
(pH 6,4) a aktivni uhli (pH 6-7) smichane v pomeru 8 az 10 ku 1,
10|(()g smesi + 60-100g vody = dostatecna vlhkost; uhli pohlcuje
exkrety

tmaveé pozadi umoznuje pozorovani
20-22°C; 70-80% rel. vlhkost vzduchu; 400-800Ix
potravou jsou kvasnice parkrat tydné

po 8 tydnech je nutné premistit do nové misky (tim se spousti
ovipozice)

Synchronizace

shluk vajicek se premisti do nove nadoby; po 48h. odstranit zbyla
vajicka a krmi se juvenilove

nebo Cerstve vylihli jedinci se daji do nove nadoby a po nakladeni
vajicek se odstrani dospelci

manipulace pomoci exhaustoru dechového Ci automatického
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i Test s F. candida

30g AS + na pocatku 2mg susenych kvasnic + 10
jedincl F.c. (10-12 dni staré) a tésné zavrit nadobky

po 28 dnech (pripadné po dob€, nez se vylihnou potomci
z vajiCek nakladenych dospélci) se sleduje preziti a
potomstvo (F1)

flotacni metoda na konci pokusu

endpointy jsou reprodukce (produkce vaji¢ek), rdst,
zmeny v chovani, preziti

REFERENCNI LATKA: Betanal plus (160g/L
Phenmedipham) Ci E605 forte (507,5g/L Parathion) efekt
na reprodukci 100-200mg prvni latky a 0,1-0,18mg
druhé

VALIDITA TESTU: v kontrole ne vice nez 20% mortalita
a minimum 100 juvenil@ na jednu testovaci nadobu
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Flotacni metoda

fc Bet Nat1 C5d

Control: Some adults and Betanal (a.i. Phenmedipharm):
many juveniles 10 mg/kg: few adults and

nearly no juveniles
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Flotacni metoda

Kontrola: 8 adultti a 235 juvenill

100 mg/kg kadmium: 4 adultia 5
juvenili
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i Analyza obrazu

Assessed endpoints

% SURVIVAL

7 BODY LENGTH

7o ENERGY ALLOCATION RATE
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i Testy s hlisticemi

Hlistice jsou de facto vodni organismy — Ziji v poroveé
vodé

Nesnadna extrapolace na realné podminky
Velmi rychlé testy — kratky zivotni cyklus

Hlistice jsou nejpocetnéjsi pldni bezobratli

© OO0

Existuji varianty s pldou jako matrici

Caenorhabditis elegans, Panagrellus redivivus, Plectus
acuminatis
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Caenorhabditis elegans chov a test

= C. elegans se chova na
agarovych plotnach s
narlstem E. coli

= Nutné jsou aseptickeé techniky
a opatrné zachazeni

atree Nematode Growth Medium,

LB — agar, K — roztok apod.

> = Po 1-2 mésicich se pfesazuje
“SEEwss . na hove plotny
ASTM E2172 01 Standard

Guide for Conducting = Pri nedostatku potravy se

Laboratory Soil Toxicity vyvinout tzv. Dauerovy larvy
Tests with the Nematode

Caenorhabditis elegans
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C. Elegans test

Protoze testovaci organismy by meély b?i stejné veékove a vahové
kategorie, pouzije se synchronizovana kultura nematod: osetreni
kultury roztokem chlornanu a hydroxidu sodného (SAVO) - vajicka
rezistentni, dospélce usmrti; pak cca 3-4 dny starée hlistice

pfipravi se varianty pld ve vétSich objemech; poté na petriho
miskach (@ 3,5) mensi navazky + testovaci organismy (10 jedinc)

po 24h. pokusu (20°C ve tme) se provede specialni extrakce
(Ludox® - koloidni suspenze) + centrifugace; nematoda jsou na
povrchu supernatantu - pfemistime je na petrlho misku s médiem a
pocitaji se mrtvi jedinci F bez pohybu pri drazdéni); spocita se LC50

kontrola pro validitu méefeni by méla mit 80% vyteznost nematod z
pldy a v kontrole 90% prezivani

|z__oku/d je test delSi nez 24h. musime zajistit potravu - inokulum
colf
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1.5 ML TEST SOLUTION 2.333 G SCIL

POStu p g 35MM DISH DAY 1

= Kontaminovanou pddu } X, EQUILBRATE AT 20-C)
Ize pripravit predem
= Nutny je kvalitni T
] | 4— ADD 10 WORMS DAY 2
mikroskop ——_—_—
= Tento test je méné |
ekologicky relevantni nez | (20°CFOR24HR)
ostatni pldni testy: \ 4

¥ I
' | RINSE WITH LUDOX 8
I

X \\ DAY 2

- hodnée vodné faze
- kratké trvani
= rychly screeningovy test

COUNT WORMS

CENTRIFUGE 2500 RPM, 2 MIN.



Sneci v pldni ekotoxikologii

J_-#_ﬁql l lf‘ Atmospheric pollution

“ Dust particles _gym =~
R on 15.‘?
leaf surfaces s‘“‘

At o

~ Root uptake

Smhy
F’a_:J re water 21&, N

oo e
" (=) E

- . L |-'. r M - . -_-..I _. i -_I:; ” "i.- T -‘- r s . .
Soil f r1 Tan hr.::""‘l' h A S e SN T Pedo QEGGHEM]GE!
-;r- ) ;nT:}.Ih.- _'\_"_:-I ...." L L .', e T r_- 7 R .. .I'_ i ';:- :Ir.--l '.:T_'__: hackgrnund

Fig. 6. Possible routes of direct and mdirect exposure of land snals to contamimants: (a) contamnation by breathing ar; (b) con-
taminateon at sol surface by eating plants, soil contact, breathmg air, rn and surface water contact; (¢) contaminabon in the sol by
swallowing soil particles. sol contact and mtershibial wr and pore water.
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i Helix aspersa test

juvenilni H. aspersa (3-5 tydnl stafi jedinci; 1+£0,3g; 15,5£1mm

schranka; ze synchronni kultury) po estivaci = 1- 20 tydnu Vv

grevenych krabickach v suchu; par dni pred testem postrik vodou,
rmeni

= pakjes Jedmcu exponovano 28dni testovacimu substratu (AS i
EI’II‘Oan Cista puda) obsahujicimu testovanou latku nebo
ontaminované ptdé; v boxech s 1cm vrstvou cca 140g pudy

= po sedmi dnech se prendavaji do nového substratu
= 20°C, 16:8 fotoperioda 50-100Ix

= beéhem testu se pridava potrava (napr. Helixal) v misce na dno
testovaci nadoby

= kazdych 7 dni se jako parametr rlistu méfi hmotnost a velikost
schranky a sleduje se mortalita

= referencni latka je Cd: pro hmotnost by EC50 melo byt mez 350-
650mg/kg a pro schranku mezi 500- 800mg/kg

= VALIDITA: mensi mortalita nez 10%; koeficient variance pro rist <
40%; cca 4x zvetseni hmotnosti; cca 1,5% zvetsSeni ulity
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H. aspersa — narocny chov

Nursery phase Estivation Toxicity test
(first 3 to 5 weeks) a 0 weeks) * (4 weeks)
Post-incubation time
/ (1 to 2 weeks)
Incubation
(12 days) Growth
(8 weeks)

e

Reproduction Selection of the
(during 10 week) breeders

(adult size reached
\ within 12 weeks)
Sexual maturation /

(4 weeks)




Chov

test

(a, b) A transparent plexiglass cover held in place by two rubber bands (weeks 1 and 2 of the test):

volume 1.6 dm3.

(c, d) The flat cover replaced by another box up-side down (weeks 3 and 4 of the test): volume 3.2
dm3.

a, c: Front view

0,09m? 5 snails 0,13m? 5 snails
1,6 dm® 3,2dm’
OF VN — (d) — _

7 N

soil or wet absorbent paper Petri dish with feed b,d. Side-face view

Weeks 1 to 2 (a,b) Weeks 3 to 4 (c,d)




i Testy s roztoci

= vhodné testovaci organismy, zastavaji radu potravnich
typl — herbivori, fungivori, detrivori a carnivori

» Hypoaspis aculeifer (gamasida) — predator lovici
roupice, chvostoskoky, roztoce; cca 0,8mm; sexualni
rozmnozovani

= ekologicka uloha spociva v biokontrole skidcl rostlin
(hlistic, larev hmyzu, roztoc) a patfi mezi prospésné
clenovce

= testovaci systém zahrnuje vztah predator — obét’ —
vysoka citlivost
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i Hypoaspis aculeifer test

Kultura

0 roztoCe Ize chovat v plastovych nadobkach na sadre ve 20°C pri
12:12h fotoperiodé

: krmi se Folsomii fimetaria jednou tydné

0 pro vyprodukovani vajiCek se umisti na novy substrat 150 samicek
a 20 sameckd; je potreba udélat jehlou malé dirky do sadry

= za cca 10 dni jsou juvenilove, kteri se krmi juvenilnimi Folsomiemi

H. aculeifer {mite)

F. fimetaria
{Collambola)

[ Baker's yea;st‘




i H. Aculeifer test

= 10 samicek a 5 sameckdll H.a. a 100 F.c. ¢i F.f.
se prida do 60g pudy AS ¢i LUFA (kontrola +
kontaminované varianty)

= po trech tydnech se sleduje preziti, rlst a
reprodukce

= Na zacatku a po 14 dnech se pridaji kvasnice
jako potrava pro chvostoskoky

= testovaci nadobky obsahuji naspod sitku pro
pozdé€jsi extrakci v McFaydenove
vysocegradientovém extraktoru

= referencni latka mdze byt dimethoat

» Validita: reprodukce rozto¢t cca 20 juvenill na
misku a preziti samicek vice nez 90% 89




Testy s prospesnymi clenovci

existuje pojem "uzitecni Clenovci", spojen s ochranou pred ucinkem
pesticidi na necilové organismy, napfiklad na pavouky, hmyz a
roztoCe které jsou primo prospesne, nebot’ v ekosystemech funguji
proti skldclim (predatori a parazité skddcl)

existuje skupina IOBC (International Organisation for Biological and
Integrated Control of Noxious Animals and Plants) - pripravila cca
30 testd v 3 stupfiovém schématu hodnoceni rizik (vychazi z testd
BBA a spolupracuje s BART)

cca 6 testl na blanokridlych
4 testy na broucich

2 testy na dvoukridlych
jeden na sit'okridlych

jeden na plosticich

3 na roztocich

jeden na pavoucich

jeden na patogenni houbé
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Organismy? Vetsinou dravci

Poéc//us CU,D/‘éUS Lin yh/'dae “
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BBA testy

Order

Family

Species Details of test/publication

Acari

Phytoseiidac

Amblyseins Cherry toliage with =0.5 mites/leaf sprayed to run-off. Exposure via direct spraying and residual

finfandicus uptale. Mite density/ 100 leaves assessed at 4, 7 and 14 davs atter treatment {DAT). % depletion
of population placed within IORC cffects classification
[Sterle in Hassan, 1984)

Amblyseius 1—4-day-old protonymphs cxposcd to ftesh spray deposits {2 mg/cm’) on glass plate. 20/

potentitlae and
Typhlodromzs

pyvri

Phyvtoseinfus
persiraliy

replicate/d reps. Percentage mortality asscssed at 7 days and egg production of survivors
recorded after 14 days on untreated surface. Overmeer & van Zon {1982) [OvZ) formiula used to
class cffect

[Overmeer in Hassan, 1988)

[a) Initial toxicity: bean leaf spraved at 1-2mg/cm”. 1-2-day-old juyveniles exposed 8 days: 15/
leaf/ 4 reps. Mortality assessed Days §and 4 when prey added. Males added Day 4 to ensure
mating: ege laving assessed Days 6 and & T OvZ index <230%, harmless; if 31-98%, go to [b); if
=00% reject as harmiul.

(b} Persistence: wentical to {a), but mites exposed to leaves after deposit has aged 3 days in the
ficld. ==30% cffcet rejected as harmiful, «<30% progress to field test (protocol for field test given
but not a current requirement)

{Oomen in Hassan, 1988)



BBA testy

Araneag
Linyphiidac
Lepthyphontes
tefiis

Coleoptera
Carabidae
Bembidion
lammos

Poeciins
(= Pternstichus)
cuprens -

Coccinellidac
Coccinella
septempunctata

Field-collected adults exposed singly [21/treatment) to treated glass in a chamber for 48 h.
Mortality assessed at 48 h it <50%, flv pupac added and predation assessed at 48 h. Mortality
classiticd using [OBC systcm il ==50%; [ceding used i mortality <2 50%,

(Inglesfield in Hassan, 1985

Field-collected adults exposed singly [40/ treatment] to direet spray {6 mg/cm?} and residual
uptake wrthin a sand arcna for 6 days. Mortality assessed at 1, 6 and 24 h then daily for 5 days.
Food supplicd Dav 1. Mortality classified with IOBC svstem

{Chiverton in Hassan, 1988|

1-G-week-old adults exposed in groups of 6 {5 reps) to direct spraying |4 mg/cm?] and residual
uptake within sand arcna for 14—28 days. Toxic standard may be included for comparison.
Subletaal effects assessed at 2, 4 and 6 h; mortality at 1, 2, 4, 7, 11 and 14 days. Predation of fly
pupac monitored. Toxicity sssessment extended from 21 to 28 days if =2 bodics are recovered
between Days 7 and 14, Classified using mortality/time progress curve and predation cffects
(BBA dratt guideline, December, 1990

3-day-old adults and/or 3-day-old larvac cxposed to residual uptake on a glass plate sprayed at
4 mg/cm®. Mortality recorded for 14 days {adult] or till pupation {larva), Emergence and cgg
laving assessed for surviving adults. OvZ formula used for classification of cifects

{BBA guideline VI, 23-2.1.5]



BBA testy

Staphylinidac
Aleochara
hilineate

Driptera
Syrphidac
Syrphus
corollae

Tachinidac
Dring
inconspicua

Hemiptera
Anthocoridas
Anthocoris
sermnorum

1-2-week-old adult, mared females exposed to sprayed sand {6 mg/fem”) in a Petri dish for 5
days. Food supplicd daily. Survival and fecundity assessed at 5 cays; cggs removed by sicving
and larval emergence assessed for 7—10 days. OvZ formula used to classify cffect
{Samsoc-Peterson in Hassan, 1988, 1992)

2-day-old larvae exposed (i groups of 5/5reps) till pupation to sprayed lid and base (1.5 mg/cm?]
of glass Petri dish. Apaids added daily till pupation; pre-imaginal mortality caleulated.
Emerging adult fereility assessed ac 3 weeks from product of egg production and via bility. OvZ
formula used to classify effects

{Ricckman in Hassan, 1988, and official BRA Guideline 23.2.17, 1989)

10—11-day-old adults =xposed in groups of 10 (3 repsl to glass and fibreglass walls of test
chamber for 7 days. Parasitism of 10 sawily larvac per day [exposed for 30 min] evaluated Days
1-7. % depletion of parasitism calculated and classified using IOBC system

(Huang, in Hassan, 19%5]

2nd instar nymphs exposed in groups of 8/4 1eps to residue {1— .5 mg/em?| on glass plate for
15 days. Mortality asscssed Days 1, 5, § and 12 giving supplementary food on each occasion.

Adult fecundity assessed by counting eggs layed in leaves from 26 to 43 days after treatment

[leaves replaced cvery 3—4 days]. Corrected nymphal mortality during exposure and fecundity
data‘evaluated via OvZ formula and [OBC system

{Staubli & Pasquier in Hassan, 1948}



BBA testy

Hymenoptera
Aphclinidae
ERCALSI
formosa

Aphidiidae
Diaretieln
rapae

{a} Initial toxicity; 12-24-h-old adults exposed in groups of 15 (3 repst to sprayed glass surface
(Ymy/cm®} in chamber for 7 days. % mortality recorded at 2, 4 and 7 days and % reduction in
parasitism of whitcfly scales introduced for 4h on cach assessment date. <50% reduction in
parasitism, harmless; >50% reduction, go to stages {b and [c]

(k) Toxicity to insensitive stage: parasitized whitefly scales, 23 days pre-cmergence cxposed in
groups of 40 (3 reps) to direct spraying [4 mg/cm®) for 1014 days. % mortality asscssed at 10—
14 days: =50% rejected as harmiful, <<50%, progress to stage (c]

(¢} Persistence against adults: 12-24-h-old adults exposed to weathered deposits on leaves
treated to run-off, 3 days earlicr. Exposure for 7 days in groups o 20 {3 reps). % mortality
asscssed at 7 days: =50% rejected as harmfal; <50% ficld rest required (ficld eest not current
Getman requircment)

[Ocmen in Hassan, 1988

<24-h-old adults cxposed to residual deposits {1-2mgfem?®] for 24 h in a glass chamber.

% reduction in aphid parasitism of survivors recorded and expressed within IOBC classification
SyStem

[Kuhner in Hassan, 1983]



BBA testy

Ichncumaonidac
(COCCIPOITITTS 18—25-day-old adults exposed for 7 days to glass surface in test chamber (3 reps). Days 1—9,
turivnellae parasitic performance recorded; 10—18, insccrs adapt to test cage; 18—25, cxposiare poriod.
Mcan eggs laid per female corrected for laying rate in pre-cxposure period. % reduction elassified
within I1QBC system
{Bogenschutz in Hassan, 1988)
Phyradeuon d-day-old adults cxposed m groups of 20 (3 reps) to residue in glass chamber for 3.5 weeks. Host
trichaps puparia added on Days 4, 6. 7, 8, 11, 13, 18, 20 and 22 and leit until next occasion. % reduction
in parasttism cvaluated wirthin IOQOBC classification
[Natony in Hassan, 1988, and BBA Test Guideline No, 23.2.12, 1948)
Trickogrammatidac
Trichogramia {a) Initial toxicity: 400—500, 24-h-old adules {3 reps} exposed to residual deposit {1 —1.5 mg/om”)
cacoeciae in glass chamber for 7 days. % reduction in paras:tism of cggs laid 2, 3 and 5 days after treatment
recorded. If 100% mortality at 24 h, rejected as harmful; if =80% go to stage (b); other levels of
cffect interpreted within TOBC classification system
[b] Toxicity to insensitive stage: 400—500 parasitized cggs treated directly at 1—1.5 mg/cm?
[3 repst Surviving adult pacasitism recorded as in [(a). Assessment as in [a]; if % reduction
BO—999%,, w0 to stage [c)
fc! Persistence against adults: technique as above but insccts exposced to treated vine leaves,
with parasitism assay commencing at 3, 10, 17, 24 and 31 days after treatment {Hassan ip
Hassan, 1992)
Nenroptera
Chrvsopidac
Chryvsoperla 48—-36-h-old larvac exposed singly (30 reps) to treated glass surface (2 mg/em?) until pupation.
Carmnead Morzality recorded daily; papal mortalicy assessed after last adult has emerged, cge laving by

survivors monitored in untreated cage 7--10 days after emergence for 4 weeks (ineluding record
of egg viability, OvZ formula used within IOBC classification
{Overmecr in Hassan, 1988)



* PUdni ekotoxikologie vs biotesty

= Neni soubor pldnich ekotoxikologickych biotestd

= Pomaha POROZUMET slozitym vztah@im mezi
chemickymi latkami, ptidou a pldnimi organismy

Sl
N
L
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i PUdni ekotoxikologie vs biotesty

= Chceme urcit, jaka koncentrace chemickeé latky v
pUdé je bezpecna

Funk¢ni biotesty pro proveditelné hodnoceni rizik

S 2

Porozumeéni komplexni problematice

= Chceme urcit, jaké efekty a proC maji chemickée
latky a jejich smési v ptidach urcitych vlastnosti
v urcitych podminkach a jaké to bude mit
dlsledky a proc.
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