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Ekotoxikologické biotesty s ptaky a savci
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Ptaci a savci

« Sekundarni a terciarni
konzumenti

* Druhy z fadu dravcu a
sov, Selmy — konecCny
clanek potravni pyramidy

* DelSi doba zivota —
potencial bioakumulace

« ? zakoncentrovani/

metabolizace latek v
potravnich retézcich
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Ptaci
- terestrické i vodni prostiedi

kontaminant




Ptaci - skupina necilovych organismu pro pesticidy

e Primarni intoxikace
« Sekundarni intoxikace

- Udaje o toxicité latek pro ptaky jsou
nenahraditelné
— akutni toxicita
— chronicka toxicita
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Riziko pro poskozeni ptacich populaci




Divoci ptaci v prostredi

Druhy citlivé na pesticidy, tézke
kovy, POPs, sinicové toxiny

Predevsim rybozravé druhy —
vrchol potravniho retézce

Vliv na centralni nervovy
systém
« Zmeény chovani
* Poruchy smyslu
« Endokrinni ucCinky
* Poruchy reprodukce
* Mortalita embryi
« Malformace embryi

Snizeni reprodukc¢ni kondice populaci
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Testy toxicity na volne zijicich ptacich

Cil: hodnoceni vlivu antropogennich kontaminantt (pesticidy, odpady
atd.)

podpora registrace takovych novych latek a pripravku, které:
* mohou predstavovat chronickou expozici ptaku

* jsou persistentni

« se mohou kumulovat v rostlinach a zviratech

« vykazaly vliv na reprodukci laboratornich savcu.

2 zakladni typy studii:
"screening field studies” - +/- toxicita? Mortalita, pohybova aktivita

»definitive field studies" - ? rozsah poskozeni? Biodiverzita,
abundance, biochemie krve, organu, hnizdni a pohybova aktivita,
aktivita pareni, pocCet vajec, sila skorapky, lihnivost
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Tagiy todeity el gEciern

OECD guidelines
Section 2: Effects on Biotic Systems

« OECD GUIDELINE FOR TESTING OF
CHEMICALS

205, 1984: Avian dietary toxicity test

« OECD GUIDELINE FOR TESTING OF
CHEMICALS

206, 1984: Avian reproduction test
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EPA Series 850
Ecological Effects Test Guidelines

850.2100 Avian acute oral toxicity test
850.2200 Avian dietary toxicity test
850.2300 Avian reproduction test
850.2400 Wild mammal acute toxicity
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OECD 205 Avian dietary toxicity test
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Test akutni peroralni toxicity u ptaku ‘

Testovaci organismy: kiepelka japonska (Coturnix coturnix japonica),
bazant obecny (Phasianus colchicus),

(pfipadné: koroptev, vrana, kavka, Spacek, racek, vlastovka, kos,

drozd, pénice, holub, kane, postolka, volavka, kormoran).

Design:
ptaci ze stejné populace, 10-17 dni stafi, znamy puvod
Pfed testem min.7 dni aklimatizace, na zaCatku zvazeni jedincu,

(U volné Zijicich ptakd: vecerni odlov, jedinec dostane pfi svitani jednorazove
davku v kapsuli).

Osvétleni 12 az 16 hodin denné
Expozice v potravé 5 dni (120 hodin), pak 3 dny krmna smés bez testované latky

Min. 5 koncentraci latky v krmivu (limitni test 5000 ppm) — pfiprava rovnomernym
rozmisenim testované latky se zakladni krmnou smesi

Pokud dochazi k umrti 7 a 8 den, prodlouzeni testu, az kdyz 2 dny po sobé bez
mortality, max. 21 dnu

10 jedincu na 1 klec
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Hmotnost téla je
zjist'ovana:

0.den
5.den
8.den

na konci testu, je-li
prodlouzen



EPA 850.2100: Avian Acute Oral Toxicity
Test

min.14 dni aklimatizace, expozice kapsuli nebo gavazi
Mladi dospélci, min.16 tydnu
Min. 14 dni expozice

Neni-li znamo rozmezi koncentraci
— predbézny test — doporuceno 2, 20, 200, 2000 mg/kg b.w.
(pokud oCekavana nizka toxicita staci limitni test 2000 mg/kg
b.w.

Definitivni test:

5 koncentraci, 10 jedincl na koncentraci — davkovani na
télesnou hmotnost

Centrum pro vyzkum
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Akutni test toxicity u ptaku

Béhem testovani se sleduje:
Priznaky intoxikace a abnormality v chovani
Mortalita
Hmotnost téla
v OECD 205: 0.- 5., 8. den a na konci testu, je-li prodlouzen
Spotfeba krmiva

v OECD 205: 0.-5., 5.-8. den, 8.-posledni den testu, je-li prodlouzen

Vyhodnoceni:

doba od aplikace k prvnim pfiznakiim toxicity

mortalita — LC50 (V OECD 205: 24hLC50, 48hLC50, 78hLC50, 96hLC50,
120hLC50)

doba potfebna pro detoxikaci a obnoveni fyziologickych funkci

Validita testu:
Mortalita kontrolnich jedinci neprekrocila 10%
Koncentrace latky v krmivu neklesla pod 80%
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Single-Dose Avian Embryotoxicity and Teratogenicity Test

Cil: stanoveni toxicity latky pfi primé aplikaci na
skorapku
Organismus - kachna divoka

Princip - prima aplikace na skorapku (ropa, pesticidy,
DDT, PCB)

Vyhodnoceni:

* lihnivost

* nekrozy jater

* biochemickeée markery

* morfologickeé abnormality

* poruchy pohybu a metabolismu

Chick Embryotoxicity Screening Test (CHEST)— podobné, aplikace do vajiCka
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OECD 206 Avian reproduction test

(US EPA Avian chronic toxicity test.)

Cil: stanoveni reprodukéni toxicity latky podavané rodi€ovskym jedincim. Testy
zahrnuji ucCinky na reprodukci, fertilitu a teratogenitu

podpora registrace takovych novych latek a pfipravku, které:
* mohou pfedstavovat chronickou expozici ptaku

* jsou persistentni

» se mohou kumulovat v rostlinach a zvifatech

» vykazaly vliv na reprodukci laboratornich savcu.

Testovaci organismus :
kachna divoka, koroptev polni, kifepelka
14 dni adaptace
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lest reprodukenit toxicity (OECD 206)

Design:

« minimalné 3 koncentrace latky v potravé, dle predbéznych laboratornich testu
(ryba, krysa), nebo takové, které jdou 5x vysSSi, nez aktualni koncentrace dle
analyz

* Nejlépe dle vysledku akutniho peroralniho testu toxicity (OECD 205) — nejvysSi
koncentrace cca %2 LC10

Expozice pfipravena rovhomérnym rozmisenim testované latky se zakladni krmnou
smési

Ptaci v klecich v parech

Na kazdou koncentraci aspon 12 paru

« - expozice zacCina 10 tydnu pfed hnizdénim a pokraCuje 1-3 mésice ve
shaskové sezoné, indukce snasky prodlouzenim fotoperiody

« - vejce jsou denné odebirany a uskladnény, kontrola prosvicenim proti
prasklinam

« kazdy tyden Ci 14 dni dany na inkubaci v lihni

 V 6.-14. dni kontrola prosvicenim

* Premisténi z inkubatoru do lihné (napf. u kifepelky 16.den)
* Vylinla mladata se chovaji14 dni na adekvatni dieté
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Tast ragrocuccnlf todeity (OECE) 206

V prubéhu testu se sleduje:

v mortalita dospélcu
v'  priznaky intoxikace
v"  hmotnost téla dospélcu

v produkce vajec
v vyskyt kiapek

v tloustka skorapky

v oplozenost vajec
v'  lihnivost kuiat

v" hmotnost téla mlad’at
v spotieba potravy dospélci, mlad’aty
v Makroskopické patologické vysetieni - dospélci

Vyhodnoceni:

* Mortalita, pocet vajec, sila skofapky, % oplodnénych

* lihnivost, % zivych mladat po 3 a 14 dnech

« malformace, deformace oc¢i, mozku, nohou a kfidel,

* biochemické markery (bilirubin, AP, AST, GST, DNA aducts..)
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SKOLNI ZEMEDELSKY PODNIK
NOVY JICIN

JINACOVICE

C rum pro vyzkum
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AVISTIIRESTY,

Testy jsou provadeny na zaklade:

v akreditacniho osvédc&eni a schvaleného
Projektu pokusu podle § 12 vyhlasky C.
311/97 Sb., o chovu a vyuziti pokusnych
zvirat

4 povéreni podle § 40 zakona 147/96 Sb. k
ovérovani vlastnosti pripravku na ochranu
rostlin

C rum pro vyzkum
kyhl tek
redi
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Pokusna Mistnost

Regulace teploty

— optimum dle druhu
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Dobra ventilace

*Plastové skruze
prumér spodni 90 cm
prumeér horni 100 cm
vyska 40 cm

*Vyhrevné zarizeni
kloboukova kvoc¢na
zavesna BIOS
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Test atraktivnosti riznych rodenticidu pro ptaky (BBA — metodika)
(Biologische Bundesanstalt fur Land und Forstwirtschaft (BBA) in

Braunschweig, Germany)

- 7jistit, zda je testovana latka pfijimana v mnozstvi,

ktere zplisobuje ptiznaky otravy nebo mortalitu

- prognoza rizika akutnich otrav ptaki v realnych

podminkach :

- venkovni voliery

- bazanti, kiepelky, holub domaci

- adaptace 1 tyden

- 16 hod. hladovéni, 8 hodin
expozice — 3X po sobe

Pak 14 dni pozorovaci doba
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Pozorovarl

Centrum pro vyzkum
toxickych latek

1. hod expoziCni faze
se ptaci pozoruji
trvale

Nasledujicich 7 hod.
1X za hod.

Cyklus se opakuje 3
dny po sobée

Na posledni expozicni
fazi navazuje 14
denni pozorovani



VyheuneCEnMesiu

* Test akutni peroralni toxicity (OECD 205)

probitova analyza (graficky n. PC)
LC50

 Test na atraktivitu (BBA-metodika)
pokusna zvirata (druh, puvod, vék)
popis voliér a podminky testu v€. udaju o pocasi
poznatky z pozorovani - jak byla prijimana testovana
substance
zmeny v chovani, priznaky otravy
télesna hmotnost testovacich jedincu
mortalita a makroskopicky patologicky nalez
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Testovani toxicity na savcich

Cela fada normovanych testu na laboratornich savcich

Vyuziti: medicina, farmacie, chemicky vyzkum, humanni
toxikologie....

CSN ISO
EC directive
« EPA

« OECD

In vivo, in vitro testy, specifické ucinky — neurotoxicita,
teratogenita, genotoxicita, karcinogenita

Akutni, subakutni, chronicka toxicita
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Typy expozice

Oralni - podani usty (oralné, per os, p.o.)
Dermalni - aplikace na kuzi
Inhalacni - podani vdechovanim
InjekCni podani — do svalu (intramuscular i.m.)
- do bfisni dutiny (intraperitonealni i.p.)
- do pohrudnicni dutiny (intrapleuralni i.p.l.).

- nitrozilni aplikace - injekce do zily
(intravenozni i.v.)

- podkozni injekce (subkutanni s.c.)

« dle toho se stanovuje oralni, dermalni, inhalacni... toxicita
« U vysledku testu toxicity nutné vzdy uvadét expozicni cestu

Expozicni davka se zpravidla uvadi v prepocCtu na kg hmotnosti
organismu, pripadne na kg potravy
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Vyhodnocované parametry

Siroké spektrum — nejéastgjsi :

* mortalita, biochemické parametry krve, telesna
hmotnost

* reprodukce, pocet a preziti mladych

* hmotnost organu

* histopatologické hodnoceni

« spermatogram, reprodukcni schopnost a aktivita

 sterilita

* mutace, mikrojadra, nadory,

C rum pro vyzkum
kyhl tek
redi
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VYHLASKA 443 /2004,

kterou se stanovi zakladni metody pro zkouseni toxicity chemickych

latek a chemickych pripravku

B.1 bis  Akutni toxicita oralni (per os) - metoda fixni
davky
B.1 tris  Akutni toxicita oralni (per os) - metoda

stanoveni tfidy akutni toxicity

B.2 Akutni toxicita inhala¢ni

B.3 Akutni toxicita dermalni

B.4 Kozni drazdivost

B.5 Oc¢ni drazdivost

B.6 Senzibilizace ktize

B.7 Subakutni toxicita oralni (per os) (28 denni

opakovana aplikace)

B.8 Subakutni toxicita inhala¢ni (28 denni
opakovana aplikace)

B.9 Subakutni toxicita dermalni (28 denni
opakovana aplikace)

B.10 Mutagenita - test chromozomovych aberaci u
savCich bunék in vitro

B.11 Mutagenita - test chromozomovych aberaci v
kostni dfeni savci in vivo

B. 12 Mutagenita - in vivo mikronukleus test v
sav¢ich erytrocytech

Centrum pro vyzkum
toxickych latek
v prostredi

B. 17 Mutagenita - test genovych mutaci v savCich
burikach in vitro

B.18 Poskozeni DNA reparace - neplanovana syntéza
DNA - sav¢i buiika in vitro

B. 19 SCE - vymeéna sesterskych chromatid in vitro
B.21 Test transformace sav¢ich buné€k in vitro

B.22 Dominantni letalni test u hlodavct

B.23 Analyza chromozdémovych aberaci u savc¢ich
spermatogonii

B.24 Spot test u mysi

B.25 Ptfenosné translokace u mysi

B.26 Test subchronické oralni toxicity (90 denni studie

oralni toxicity s opakovanou aplikaci hlodavcim

B.27 Test subchronické oralni toxicity (90 denni studie
oralni toxicity s opakovanou aplikaci hlodavcim

B.28 Subchronicka toxicita dermalni (90 denni
opakovana aplikace, studie na hlodavcich)

B.29 Subchronicka toxicita inhalacni (90 denni
opakovana aplikace, studie na hlodavcich)

B.30 Testovani chronické toxicity
B.31 Studie teratogenity
B.32 Test karcinogenity



EC directives (smérnice) - Methods for the Determination of Toxicity

92/69/EEC B.1 Acute Toxicity (Oral)

92/69/EEC B.1bis Acute Toxicity (Oral) Fixed Dose
Method

96/54/EC B.1tris Acute Toxicity (Oral) — Acute Toxic
Class Method

92/69/EEC, 93/21/EEC B.2 Acute Toxicity (Inhalation)
92/69/EEC B.3 Acute Toxicity (Dermal)

92/69/EEC B.4 Acute Toxicity (Skin Irritation)
92/69/EEC B.5 Acute Toxicity (Eye Irritation)

96/54/EC B.6 Skin Sensitisation

96/54/EC B.7 Repeated Dose (28 Days) Toxicity (Oral)

92/69/EEC B.8 Repeated Dose (28 Days) Toxicity
(Inhalation)

92/69/EEC B.9 Repeated Dose (28 Days) Toxicity
(Dermal)

2000/32/EC B.10 Mutagenicity - In vitro Mammalian
Chromosome Aberration Test

2000/32/EC B.11 Mutagenicity - In vivo Mammalian
Bone-Marrow Chromosome Aberration Test

2000/32/EC B.12 Mutagenicity Mammalian Erythrocyte
Micronucleus Test

2000/32/EC B.13/14 Mutagenicity — Reverse Mutation
Test using Bacteria

88/302/EEC B.15 Gene Mutation — Saccharomyces
cerevisiae

88/302/EEC B.16 Mitotic Recombination -
Saccharomyces cerevisiae

2000/32/EC B.17 Mutagenicity - In vitro Mammalian Cell
Gene Mutation Test

88/302/EEC B.18 DNA Damage and Repair —
Unscheduled DNA Synthesis — Mammalian Cells in
vitro

88/302/EEC B.19 Sister Chromatid Exchange Assay in
vitro

88/302/EEC B.20 Sex-Linked Recessive Lethal Test in
Drosophila melanogaster

88/302/EEC B.21 In vitro Mammalian Cell Transformation
Test

88/302/EEC B.22 Rodent Dominant Lethal Test
2000/32/EC B.23 Mammalian Spermatogonial
Chromosome Aberration Test

88/302/EEC B.24 Mouse Spot Test

88/302/EEC B.25 Mouse Heritable Translocation
88/302/EEC B.26 Sub-Chronic Oral Toxicity Test:
Repeated Dose 90-Day Toxicity Study in Rodents
88/302/EEC B.27 Sub-Chronic Oral Toxicity Test:
Repeated Dose 90-Day Toxicity Study in Non-Rodents
88/302/EEC B.28 Sub-Chronic Dermal Toxicity Test: 90-
Day Repeated Dermal Dose Study using Rodent Species
88/302/EEC B.29 Sub-Chronic Inhalation Toxicity Test: 90-
Day Repeated Inhalation Dose Study using Rodent
Species

88/302/EEC B.30 Chronic Toxicity Test

88/302/EEC B.31 Teratogenicity Test — Rodent And Non-
Rodent

88/302/EEC B.32 Carcinogenicity Test

88/302/EEC B.33 Combined Chronic
Toxicity/Carcinogenicity Test

88/302/EEC B.34 One-Generation Reproduction Toxicity
Test

88/302/EEC B.35 Two-Generation Reproduction Toxicity
Test

88/302/EEC B.36 Toxicokinetics

2000/32/EC B.39 Unscheduled DNA Synthesis (UDS) Test
with Mammalian Liver Cells /n vivo

2000/33/EC B.40 Skin CorrosionEC Directive 2000/33/EC
B.41 Phototoxicity - In vitro 3T3 NRU Phototoxicity Test



EPA Office of Prevention, Pesticides and Toxic Substances

(OPPTYS) - guidelines organizovany do 10 serii:
850 - Ecological Effects Test Guidelines

870 - Health Effects Test Guidelines

870.1000 Acute toxicity testing--background
870.1100 Acute oral toxicity

870.1200 Acute dermal toxicity

870.1300 Acute inhalation toxicity

870.2400 Acute eye irritation

870.2500 Acute dermal irritation

870.2600 Skin sensitization

870.3050 Repeated dose 28-day oral toxicity study
in rodents

870.3100 90-Day oral toxicity in rodents
870.3150 90-Day oral toxicity in nonrodents
870.3200 21/28-Day dermal toxicity
870.3250 90-Day dermal toxicity

870.3465 90-Day inhalation toxicity

870.3550 Reproduction/developmental toxicity
screening test

870.3650 Combined repeated dose toxicity study
with the reproduction/developmental toxicity
screening test

870.3700 Prenatal developmental toxicity study
870.3800 Reproduction and fertility effects
870.4100 Chronic toxicity

870.4200 Carcinogenicity

870.4300 Combined chronic toxicity/carcinogenicity

870.5195 Mouse biochemical specific locus test

870.5200 Mouse visible specific locus test

870.5300 In vitro mammalian cell gene mutation test

870.5375 In vitro mammalian chromosome aberration test
870.5380 Mammalian spermatogonial chromosomal aberration
test

870.5385 Mammalian bone marrow chromosomal aberraton test
870.5395 Mammalian erythrocyte micronucleus test

870.5450 Rodent dominant lethal assay

870.5460 Rodent heritable translocation assays

870.5550 Unscheduled DNA synthesis in mammalian cells in
culture

870.5575 Mitotic gene conversion in Saccharomyces cerevisiae
870.5900 In vitro sister chromatid exchange assay

870.5915 In vivo sister chromatid exchange assay

870.6100 Acute and 28-day delayed neurotoxicity of
organophosphorus substances

870.6200 Neurotoxicity screening battery

870.6300 Developmental neurotoxicity study

870.6500 Schedule-controlled operant behavior

870.6850 Peripheral nerve function

870.6855 Neurophysiology Sensory evoked potentials 870.7200
Companion animal safety

870.7485 Metabolism and pharmacokinetics

870.7600 Dermal penetration

870.7800 Immunotoxicity

870.8355 Combined Chronic Toxicity/Carcinogenicity



OECD guidelines

- Section 4: Health Effects

402 Acute Dermal Toxicity 403 Acute Inhalation Toxicity

404 Acute Dermal Irritation/Corrosion

405 Acute Eye Irritation/Corrosion

406 Skin Sensitisation

407 Repeated Dose 28-day Oral Toxicity Study in Rodents

408 Repeated Dose 90-Day Oral Toxicity Study in Rodents

409 Repeated Dose 90-Day Oral Toxicity Study in Non-Rodents
410 Repeated Dose Dermal Toxicity: 21/28-day Study

411 Subchronic Dermal Toxicity: 90-day Study

412 Repeated Dose Inhalation Toxicity: 28-day or 14-day Study
413 Subchronic Inhalation Toxicity: 90-day Study

414 Prenatal Developmental Toxicity Study

415 One-Generation Reproduction Toxicity Study

416 Two-Generation Reproduction Toxicity Study

417 Toxicokinetics

418 Delayed Neurotoxicity of Organophosphorus Substances
Following Acute Exposure

419 Delayed Neurotoxicity of Organophosphorus Substances: 28-day
Repeated Dose Study

420 Acute Oral Toxicity - Fixed Dose Method

421 Reproduction/Developmental Toxicity Screening Test

422 Combined Repeated Dose Toxicity Study with the
Reproduction/Developmental Toxicity

423 Acute Oral toxicity - Acute Toxic Class Method

424 Neurotoxicity Study in Rodents

425 Acute Oral Toxicity: Up-and-Down Procedure

426 Developmental Neurotoxicity Study ~

427 Skin Absorption: In Vivo Method

428 Skin Absorption: In Vitro Method

429 Skin Sensitisation: Local Lymph Node Assay
\WR~// | Vprosueal

430 In Vitro Skin Corrosion: Transcutaneous Electrical Resistance
Test (TER)

431 In Vitro Skin Corrosion: Human Skin Model Test

432 In Vitro 3T3 NRU Phototoxicity Test

435 In Vitro Membrane Barrier Test Method for Skin Corrosion
440 Uterotrophic Bioassay in Rodents: a short-term screening test
for oestrogenic properties

451 Carcinogenicity Studies (Original Guideline,

452 Chronic Toxicity Studies (Original Guideline, 453 Combined
Chronic Toxicity/Carcinogenicity Studies

471 Bacterial Reverse Mutation Test (Updated Guideline, adopted
473 In vitro Mammalian Chromosomal Aberration Test (Updated
Guideline,

474 Mammalian Erythrocyte Micronucleus Test

475 Mammalian Bone Marrow Chromosomal Aberration Test

476 In vitro Mammalian Cell Gene Mutation Test

478 Genetic Toxicology: Rodent Dominant Lethal Test

479 Genetic Toxicology: In vitro Sister Chromatid Exchange Assay
in Mammalian Cells

480 Genetic Toxicology: Saccharomyces cerevisiae, Gene Mutation
Assay

482 Genetic Toxicology: DNA Damage and Repair, Unscheduled
DNA Synthesis in Mammalian Cells in vitro

483 Mammalian Spermatogonial Chromosome Aberration Test
484 Genetic Toxicology: Mouse Spot Test

485 Genetic Toxicology: Mouse Heritable Translocation Assay
486 Unscheduled DNA Synthesis (UDS) Test with Mammalian
Liver Cells in vivo



Testy toxicity na volne zijicich savcich

(EPA 850.2400 Wild mammal acute toxicity)

Cil: ovéfit v pfirodnich podminkach vysledky laboratornich testu na
hlodavcich
V pripade latek, které jsou primo vnaseny do prirozeného prostredi druhu

Testovaci organismy: volne zijici hlodavci - mys, hrabos, zajic, kralik,
dale fretka, liska, lovna zver, (US - norek, skunk, bobr) — vybrat dle
relevantnosti pro danou latku a prostredi aplikace

Design: 28 dnu expozice v klecich, pfirodni podminky, davkovani do
vody a potravy

Vyhodnoceni: mortalita, ovogeneze, spermatogram, reprodukcni
aktivita, vyvoj embryi, biochemie krve a organu (slezina, jatra).
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Volné zijici savci jako model v biomonitoringu

Studovana oblast - severozapadni Cechy
30°42' N 13°36
Krusneé hory, Mostecka panev
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Metody

testy mutagennich vlivu vnéjsSiho prostredi

aberace chromosomu v somatickych a pohlavnich
bunkach
vyskyt mikrojader v somatickych bunkach
(mikronucleus test)

abnormality spermii

rezidua tézkych kovu

zakladni udaje z populacni ekologie

Centrum pro vyzkum
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Modely

rejsek maly (Sorex minutus)
rejsek obecny (Sorex araneus)
hrabos polni (Microtus arvalis)
nornik rudy (Clethrionomys glareolus)
mysice lesni (Apodemus flavicollis)

Centrum pro vyzkum
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Numerické anomalie pohlavnich chromosomi

_hrabos polni
Ceska republika

2N=46, XY 2N=45, X0

TRTE BRI . Y21 I A
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S8 S A8 AR SRR B3 AR AR mx AA -

an A& l. LY. A k

I O I AP ()1 | I [ TR

Aam Hx AA mM XX XA &3 =ma =& AAM B ERm A RA mA AR AR Ra am AA

LI Fr Hﬁn [ - "-

Zima J et al., Hereditas 117: 203-207 (1999)
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Vyskyt abnormalnich spermii
mysice lesni a nornik rudy

Krusne hory vs. Labskeé piskovce
prumeérné frekvence abnormalnich spermii na 1500 bunék

N
DRUH (jedinci) prumer SD
Apodemus vzorek 28 14,00 * 4,56
flavicollis kontrola 27 8,45 * 8,37
Clethrionomy | vzorek 30 5,75 5,28
S glareolus | kontrola 32 5,18 3,86

Ieradi LA et al., Folia Zool. 52: 57-66 (2003)
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Rezidua tézkych kov

rejsek maly - Sorex minutus — jatra

ppm, dry weight]

prumeér SD min max
vzorek
Cd 3,3 3,7 0 9.7
Pb 836,2 415,9 282,0 1614.4
kontrola
Cd 4,7 4,7 0 34,9
Pb 29,5 13,2 11,9 63,4

Tomaskova L et al., Carnegie Museum Special Publications

©)
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Rezidua tézkych kovu

rejsek obecnv - Sorex araneus - ledviny [ppm, dry weight]

prumeér SD min max
vzorek
Cd 23,3 43,1 0 149,9
Pb 321,4 295,7 0 1187,7
kontrola
Cd 5,4 9,0 0 38,5
Pb 193,2 299,0 0 779,8

Tomaskova L et al., Carnegie Museum Special Publications
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Populacni ekologie

zadny detekovatelny vliv na
pomer pohlavi

populacni strukturu

reprodukci

denzitu a produktivitu

sestupny trend abundance
snizovani kvality stanovisté

v dusledku znecisténi

sukcese rostlinnych spoleCenstev
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o

Zavery

uroven kontaminace tezkymi kovy indikuje
vazné poskozeni zdravotniho stavu

zakladni demografické parametry populace
nevykazuji znamky naruseni

vlivy znecisteni a narusovani stanovist se
projevuji na urovni jedince, ale nejsou
zretelné na urovni populace
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DalSi zdroje informaci z monitoringu/bioindikaci

(4

« analyzy kosti a tuku dlouho zijicich zvirat (vice nez 4 roky -
jelen, prase divoke, sparkata zver, vrany, kavky hnizdici na urc.
teritoriu)

» kolonialné hnizdici ptaci - rackove, kormorani a populace —
analyza vajec

« hrabosu - vyvoj mladat — mortalita, teratogenita

 vnitfnosti lovné zvére (monitoring) e odlov hrabosu z pfirody -

» struktura populaci

« bioakumulace PAU, PCB, DDT, TK.... * Biochemie+ genetika
Krve
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