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Table 3.3 Summary of the Toxicity Test Requirements by Regulatory Guideline (Continued)

Regulatory Guideline

Type of Testing Required

OECD

Aquatic Effects Tesling

201
202-1
202-2

EEC

c2
203 C1

204

305A
3058
305C
3050
30S5E

PARCOM

Offshore Chemical
Notificatior/Evaluation

European Community Aquatic Testing Requirements

Algal growth inhibition test

Daphnia magna acute immobilization test
Daphnia magna reproduction test

Acute loxicity in Daphnia magna

Fish, acute toxicity test

Fish, prolonged toxicity test

Sequential static fish test

Semi-static fish test

Degree of biodegradation in fish: bioaccumulation
Static fish test

Flow-through fish test

European Community: Paris Commission

Algal growth inhibition test
(Skeletonema costatum or Phaeodactylum tricomutum)

Iinvertebrate acute toxicity test
(Acartia tonsa, Mysidopsis sp.. Tisbe sp.)

Fish acute toxicity test (Scophthalmus sp.)

*_No guideline number available at this time.
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Poznani efektu, které pusobi pritomnost stresoril na organismy v prostredi

- suborganismalni uroven

- laboratorni experimenty
studium mechanismu toxicity latek, in vitro biomarkery, odhady miry subletalni
toxicity specifickych typa (dioxinova toxicita, xenoestrogenita ...)

- jednotlivé druhy organismu, jednotlivci
- laboratorni experimenty

* tradicni ekotoxikologické biotesty s jednotlivymi druhy organismdu, porovnani
citlivosti riznych druhda ...

« - polni manipulované studie (in situ)
studie s jednotlivymi druhy - péstovani rostlin na kontaminovanych a
kontrolnich plochach, klecoveé experimenty v akvatickém prostredi (mékkysi,

ryby)
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Poznani efektu, které pusobi pritomnost stresoril na organismy v prostredi

- populaéni efekty
- laboratorni testy

» dlouhodobejsi experimenty — celoZivotni testy toxicity,testy s asnymi
vyvojovymi stadiemi, rostliny — rozmnozovani, kli¢eni ..., bezobratli —
obratlovci — testy reprodukcni toxicity

- efekty ve spoleCenstvech

- laboratorni mikrokosmy
uméle ustavena spolecenstva organismd raznych druht za definovanych

podminek (producenti — konzumenti — destruenti)
- terénni vicedruhové manipulované studie in situ
» polni studie, akvatické mezokosmy (tekouci, stojate, litoralni — pribrezni

— - ekosystémové efekty
— - terénni pozorovani — hodnoceni efektl v populacich a spoleenstvech

v realné pfirodni situaci
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Aquatic Toxicology Study

Experimentalni hodnoceni ekotoxicity

Field Studies

Multispecles

P ive R ion Interspecific Community level Ecosystem Successional
ne-EpiONdC Ve aprodiacio interactions  interactions w/ interactions states
abiotic factors

Proportion of Lifespan and System Complexity

Figure 3.9 Classification of toxicity tests in environmental toxicology. Generally, the two
parameters that are involved are the length of the test relative to the test organism
and the species composition of the test system.
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Laboratory microcosms Bioassay tanks




Hlavnim pozadavkem ekotoxikologické studieje priukaz KAUZALITY
mezi expozici a efektem

- Praktickeé stanoveni ekotoxicity

- Laboratorni jednodruhové biotesty
- Laboratorni mikrokosmy
- Manipulované a kontrolované mezokosmy

- Polni studie

- Realné ekosystémy obtiznost prukazu
KAUZALITY
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Pro srovnani toxicity riznych latek (vzorkull) se uzivaji odvozené parametry

1) hodnoty odvozené pro 50% efekt
- odhady v oblasti 50% efektu zatizeny nejmensi chybou,
nejcastejsi:

- LC50 - koncentrace (C) zpusobujici 50% letalitu (L)
- LD50 - davka (Dose)

- EC50 — koncentrace zpusobujici 50% efekt (E)

- IC50 — koncentrace zpusobujici 50% inhibici (1)
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Vztahy Davka - Odpoved

Krivka davka - odpoved’

2) dalSi odvozené parametry

ECx (x=1,5,10,25,75,90,99 ...)

- LOEC/L Lowest Observable Effect Concentration/L

- NOEC/L No Observable Effect Concentration/Level

- NOAEC/L No Observable Adverse Effect Concentration/Level
- MTC Minimum threshold concentration

- MATC Maximum Acceptable/Allowable Toxicant Concentration
= geometricky primér NOEC a LOEC
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Vztahy Davka - Odpoved

Srovnani toxicity latek

Problém - rizné smérnice kfivky Davka-Odpovéd
Pro dobrou interpretaci — uchovani celé krivky

Priklad:
efekt
Na zakladé ECS50 je toxiCtéjsi 100% 1
latka 1
A2 5095\

latka 2 vykazuje efekty ve
vyznamné nizSich
koncentracich
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Vyjadieni KONCENTRACI pfi hodnoceni TOXICITY

(1) Cisteé latky a definované smesi latek
(barvy, produkty chemické vyroby ...)
KONCENTRACE — mg/L, mmol/L (=mM)

(2) extrakty vzorku z prostredi
- KONCENTRACE EXTRAKTU (% fedéni ...
- KONCENTRACE puvodni matrice

pr. sediment

— extrakce organickymi rozpoustédly

- Extrahovatelny Organicky Material,
koncentrace v testu toxicity — mg EOM / mL

N

Ctmp vyzkum
xickych ltk
p ostre
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Vyjadieni KONCENTRACI pfi hodnoceni TOXICITY

(2) vzorky z prostredi - prirodni matrice

voda, odpadni vody

- koncentrace : % redéni
- ev. jen srovnani efektu odpadni voda vs. kontrola

pevné matrice — sedimenty
- % redéni — existuji postupy michani/redeni
- nejCastéji srovnani efektl s negativni kontrolou

(+/-)
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Vzorky v prostiedi — KOMPLEXNI SMESI

- Latky ve smeésich maji ve srovnani s Cistymi — izolovanymi — latkami
odlisné biologicke vlastnosti (vC. toxicity)

ADITIVITA/ SYNERGISMUS / ANTAGONISMUS

(1) ADITIVITA
- princip kumulativni toxicity
- zakladni ADITIVNI MODEL
- nejCastéjsi u latek s "nespecifickym" mechanismem toxicity
(polarni narkoza)
Pr. latka 1 vyvola v koncentraci c1, efekt 25%

latka 2 vyvola v koncentraci c2, efekt 30%

smésny roztok L1 a L2 v koncentracich c1 a c2
vyvola efekt 55% (25 + 30)
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Vzorky v prostiedi — KOMPLEXNI SMESI

(2) ANTAGONISMUS

- latky ve smeési vzajemneé inhibuji toxicky efekt

- efekt po pusobeni smési je mensSi nez podle predpovedi
aditivniho modelu

- U latek se specifickymi biologickymi-toxikologickymi
vlastnostmi

Priklad
Soucasné pusobeni neurotoxinu s ruznym mechanismem

(princip “protijedu”)
— Veratridin (otevieni membranovych kanali pro Na+/K+)

— Saxitoxin (inhibice kanalu)
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Vzorky v prostiedi — KOMPLEXNI SMESI
(3) SYNERGISMUS

- latky ve smési se vzajemné potencuji

- efekt po pusobeni smési je vySSi nez podle predpoveédi
aditivniho modelu

- U latek se specifickymi biologickymi-toxikologickymi
vlastnostmi

Priklad

Toxicita pro Ryby:
soucasné pusobeni detergentu (snizeni povrchového napéti na membranach zaber)
a polarni latky - inhibitoru mitochondrialni respirace (samotny jen obtizné vstupuje
do bunky ALE v pfitomnosti detergentu = rychly vstup, vyznamny toxicky efekt)

©)

Centrum pro vyzkum
toxickych latek
v prostredi




AKVATICKE PROSTREDI

Akvatické testy s bezobratlimi jsou velmi bézné, nékdy je ekotoxikologie
zaménovana s "Daphniovymi biotesty"

usporadani
kadinky, akutni testy 48 h,

prolongované testy 21 d,
hodnoceni letality, rustu ...

kratkodobé - zpravidla statické

Akvaticti planktonni korysi - nejcastéjSi
Daphnia magna, Ceriodaphnia dubia
Artemia salina (morska)

DalSi bezobratli
benti¢ti — Gammarus, Hyallela azteca
hmyz — Pakomafi (Chironomus), jepice ...
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Daphnia magna

Artemia salina

Ceo

Ceriodaphnia dubia

Gammarus
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AKVATICKE PROSTREDI

ALTERNATIVNI MIKROBIOTESTY ("toxkity") s bezobratlimi
THAMNOTOXKIT F™

MICROBIOTESTS
*Test organisms are included in the With the
kits as “dormant eges (cysts)” crustacean

which can be hatched “on demand”
Thamnocephalus

platyurus

PROTOXKIT F™
MICROBIOTESTS

Contains all the materials to
perform three
48h reproduction assays

With the ciliate
protozoan
Tetrahymena
thermophila
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http://www.microbiotests.be/

PUDA + SEDIMENTY

Alternativni mikrobiotest TOXKIT ( )

OSTRACODTOXKIT F™
MICROBIOTESTS
FOR SEDIMENT TOXICITY TESTING

With the

benthic crustacean
Heterocypris
incongruens
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http://www.microbiotest.be/
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http://www.imp.mtu.edu/matchar/algal1.JPG
http://images.google.com/imgres?imgurl=www.aquatic.uoguelph.ca/Human/Research/vwxyz/images/wegerh.jpg&imgrefurl=http://www.aquatic.uoguelph.ca/Human/Research/vwxyz/wegerh.htm&h=217&w=300&prev=/images%3Fq%3Dalgal%26start%3D120%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
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http://www.ftns.wau.nl/prock/Research/Rene/Picture/alpha_1.jpg
http://images.google.com/imgres?imgurl=www.butbn.cas.cz/ccala/sbirka.jpg&imgrefurl=http://www.butbn.cas.cz/ccala/sbirka.htm&h=367&w=253&prev=/images%3Fq%3D%2Bsite:www.butbn.cas.cz%2Balgal%2Bcollection%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.sunwellness.com/images/FlaskSeedCulture.jpg&imgrefurl=http://www.sunwellness.com/chlorprod2.htm&h=164&w=210&prev=/images%3Fq%3DChlorella%26start%3D40%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN

Rasy a sinice jako testovaci organismy
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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%3Fq%3DScenedesmus%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.iopan.gda.pl/chemia/bch/scen_acumi.jpg&imgrefurl=http://www.iopan.gda.pl/chemia/bch/scen_ac.htm&h=297&w=285&prev=/images%3Fq%3DScenedesmus%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Scenedesmus/Scenedesmus.jpg&imgrefurl=http://protist.i.hosei.ac.jp/PDB/Images/Chlorophyta/Scenedesmus/&h=313&w=545&prev=/images%3Fq%3DScenedesmus%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
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%3Fq%3DChlorella%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-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%3Fq%3DChlorella%26start%3D20%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
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%3Fq%3DStichococcus%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.durr.demon.co.uk/microcystis%25202.jpg&imgrefurl=http://www.durr.demon.co.uk/microcystist.html&h=315&w=296&prev=/images%3Fq%3DMicrocystis%26svnum%3D10%26hl%3Dcs%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN

Konzumentl - obratlovci
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AKVATICKE PROSTREDI - RYBI biotesty

-usporadani
-akvaria
- akutni testy 96 h,
- prolongované a embryolarvalni testy
dny az mesice

- hodnoceni letality, rastu, rozmnozovani,
testy karcinogenity (nadory),

testy xenoestrogenity (vyvoj oboupohlavniku)
- rzna usporadani (statické, prutocné ...)

Rybi druhy
Pstruh duhovy, Zivorodka duhova (pavi o¢ko),
Karas, Kapr, Strevie (Pimephales promelas)

Specifické testy (endokrinni disrupce, karcinogenita)
Halamcik ryzovistni — Japanese medaka

©)
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Byly vypracovany postupy pro hodnoceni ekotoxicity

W u L aLD &l

- simulace pfirodnich podminek

- model ekologickych vztahl mezi organismy (potravni retézce)

- hodnoceni nepfimych efektu (likvidace producentt -> dalSi efekty v
celem ekosystemu)

Experimentalni usporadani
- podle velikosti (nezcela jednoznacné limity)
- mikrokosmy
voda - do 1 m3 stojaté, nebo 1 m tekouci

- mezokosmy

- podle umisténi — laboratorni kontrolované podminky vs. prirodni

©)
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Table 4.12 Listing of Current Multispecies

Toxicity Tests

Aquatic microcosms

Benthic-pelagic microcosm
Compartmentalized lake
Mixed flask culture microcosm
Pond microcosm

Sediment core microcosm
Ecocore microcosm

Ecocore Il microcosm
Standard aguatic microcosm
Stream microcosm

Waste treatment microcosm

Terrestrial microcosms

Root microcosm system

Soil core microcosm

Soil in a jar

Terrestrial microcosm chamber
Terrestrial microcosm system
Versacore




Prakticka realizace (principy stejné s biotesty)

(1) Biologicky systém
- Pfiprava, osazeni, aklimatizace
- Kontrolni varianta
- Jedna nebo vice (vice koncentraci) exponovanych variant
- Definovany pocet opakovani (replicates)

vvvvvv

(2) Expozice
- Davkovani
- pfimo do vodni faze (vodni mikrokosmy), postfikem na povrch (simulace

pfirozené aplikace pesticidt), fada dalSich moznosti, jednorazoveé
opakované ...

- Doba expozice - podle typu mikro/mezokosmu — tydny aZ roky

(3) Hodnoceni parametru, srovnani kontroly vs. expozice

©)
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Priklad — laboratorni akvaticky mikrokosmos

Table 5.2 Some organisms

used in the standardized Algae
aquatic microcosms. Anabaena cylindrica
Ankistrodesmus sp.

Chlamydomonas reinhardi 90
Chlorella vulgaris

Lyngbya sp.

Nitzschia kutzigiana (Diatom 216)
Scenedesmuts obliquus

Animals
Daphnia magna Distilled
Hyadella azteca (amphipod) Wl
Cypridopsis sp. or Cyprinotus sp. (ostracod)
Hypotrichs (protozoa)

Salt
vitamins

cellulose

Fig. 5.2 Components of a standardized aquatic microcosm.
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Priklad
- pozadavky
na laboratorni

mikrokosmos

- model stojatého
(Ienitického) ekosystému

Centrum pro vyzkum
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Table 4.13 Summary of Test Conditions for Standardized Aquatic Microcosms:

Freshwater

Test type

Multispecies

Organisms
Type and number of test
organisms per chamber

Experimental design
Test vessel type and size

Medium volume

Number of replicates
Number of concentrations
Reinoculation

Addition of test materials

Sampling frequency
Test duration

Physical and chemical parameters
Temperature

Work surface

Light quality
Light intensity

Photoperiod

Microcosm medium
Sediment

pH level
Endpoint

Algae (added on day 0 at initial concentration of
10% cells for each algae species):
Anabaena cylindrica,
Ankistrodesmus sp.,
Chlamydomonas reinhardi 90,
Chlorella vulgaris,
Lyngbya sp.,
Nitzschia kutzigiana (Diatom 216),
Scenedesmus obliquus,
Selenastrum capricornutum,
Stigeoclonium sp., and
Ulothrix sp.
Animals (added on day 4 at the initial numbers
indicated in parentheses):
Daphnia magna (16/microcosm),
Hyalella azteca (12/microcosm),
Cypridopsis sp. or Cyprinotus sp.
(ostracod) (6/microcosm),
Hypotrichs [protozoa] (0.1/ml) (optional),
and Philodina sp. (rotifer) (0.03/ml)

1-gal (3.8-) glass jars are recommended:
soft glass is satisfactory if new containers are
used; measurements should be 16.0 cm wide
at the shoulder, 25 cm tall with 10.6-cm
openings

500 ml added to each container

6

4

Once per week add one drop (ca 0.05 ml) to
each microcosm from a mix of the ten species;
5 x 102 cells of each alga added per microcosm

Add material on day 7; test material may be
added biweekly or weekly after sampling

2 times each week until end of test

63 days

Incubator or temperature controlled room is required
providing an environment 20 to 25°C with minimal
dimensions of 2.6 x 0.85 x 0.8 m high.

Table at least 2.6 x 0.85 m and having a white
or light colored top or covering

Warm white light

80 LE m-2 photosynthetically active radiation
s™' (850-1000 fc)

12 h light/12 h dark

Medium T82MV

Composed of silica sand (200 g), ground, crude
chitin (0.5g), and cellulose powder (0.5 g) added
to each container.

Adjust to pH 7

Population dynamics, chemistry, etc.




Priklad
jednoduchy
laboratorni

akvaticky mikrokosmos

- simulace tekoucich vod

Centrum pro vyzkum
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Figure 7. Flow-through exposure chamber for flow-through tests with
polvchaetes. The exposure chamber 1s a glass crystallizing dish with an
inflow of water over the sediment surface. Arrows show flow of water
into the test tube (b) through silicone tubing (a), which has a piece of
glass tubing (¢) attached at the bottom. then through an elliptical open-
ing (d) cut in the side of the test tube and into the dish just above the
sediment surface. Water circulates around the dish and leaves through
a siphon and catch cup. (Reprinted with permission from Pesch, C. E..
Munns, W. R. Jr., Gutjahr-Gobell, R.: Effects of a contaminated sedi-
ment on life history traits and population growth rate of Neanthes ar-
enaceodentata (Polychaeta: Nereidae) in the laboratory. Environmental
Toxicology and Chemistry 10(6):805-815. Copyright 1991, SETAC.)
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Figure 4.2 FIFRA microcosm experimental unit. An example of a microcosm experimental unit
designed to test the effects of a herbicide on an aquatic environment. This particular
setup does not include fish since the predatory effects would tend to hide lower
trophic level effects upon the invertebrate populations. Typically, a FIFRA micro-
cosm experiment includes fish species, particularly when acetylcholinesterase
inhibitors or other toxicants particularly effective against animal species are tested.
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Figure 6. Photograph of outdoor microcosm test systems (10,000-L tanks) located at the University of Kansas. These fiber-

glass tan‘k.s have been used by Springborn Laboratories, Wareham, MA. to evaluate the impact of pesticides on aquatic
communities.
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Priklady — litoralni mezookosmos

Priklady —
venkovni plovouci mikrokosmy
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Figure 7. Schematic of Hamburg enclosure. (From Grice and Reeve, 1982. Reprinted with

e 2 woven into slatted-fencin
permission from Springer-Verlag, New York, Inc.) o " 9
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Figure 11. Schematic diagram of a littoral enclosure (Reprinted with permission from Environmental
Toxicology and Chemistry 8(12): 1209~1216, Brazner, J. C., Heinis, L. J., Jensen, D. A. A littoral
enclosure for replicated field experiments, Copyright 1989 SETAC.)
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Microcosm experiments - 250 |

Tested substances:
Natutal compounds
Floculants
Fe-chelators
Enzymatic

ROS producers
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Priklady — venkovni mezokosmy — tekouci voda

Figure 13. Ar}iﬁcial stream system of the Water, Soil and Air Hygiene Office, Marienfelde, Germany. Facilit
to study the ctfecl§ of sewage, nutrients, and detergents on stream ecosystem. Large building in the center i
treatment plant which contains automated sampling equipment. (Photo by P. D. Hansen.)

Centrum pro vyzkum Figure 14. Photograph of recirculating artificial stream system developed by Shell Research (England).
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Priklady — venkovni mezokosmy leniticke

Figure 2. Acrial photograph of lentic mesocosm ponds at the Wal
De..ion.
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Polni studie, biomonitoring

vzorkovani — odbéry abiotickych vzorkii

Sediment
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Polni studie, biomonitoring

AKVATICKE PROSTREDI
odbéry biotickych vzorki

Planktonni sit’ky Periphyton — narosty, biofilmy
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Polni studie, biomonitoring

AKVATICKE PROSTREDI
odbéry biotickych vzorki

Bentic¢ti bezobratli
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Phytoplankton Bioassays

Field / in situ Laboratory
|

Algal cultures Natural assemblages

Indices to describe Batch cultures Batch cultures
assemblage structure

Bottles/ Moorings Continuous cultures Size spectra
(Turbidostat/ Chemostat)

Flow-through bottles Microplate algal assay Algal fractionation bioassay (AFB)
("C-uptake / Biomass / Pigments)

Dialysis bags Selenastrum capricornutum Autotrophic picoplanktonassay
("C-uptake) ("C-uptake / Abundance)
Microcosms/ Mesocosms  Ankistrodesmus bibrianus Biosensors

(two chamber device)

In situ plankton cages Continuous flow-through systems  Flow-cytometry

Figure 1. Phytoplankton bioassays commonly employed in laboratory and field/in situ situations (modi-
fied from Munawar et al., 1989,
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Overview of elements of environmental quality and the proposed indicators and variables for the river Rhine.
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