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Aquatic bioassays - examples



Aquatic bioassays

= huge number of the tests (aquatic ecotoxicology had been for a long time
the only one ecotoxicology)

» today, standardized bioassays cover the whole range of levels:

o suborganismal level

- laboratory experiments: study of toxicity mechanisms, in vitro biomarkers, specific types of
toxicity (dioxin like toxicity, xenoestrogenicity ...)

o individual species, individuals

- laboratory experiments: traditional ecotoxicological bioassays with individual species,
comparison of susceptibility of different species ...

o population effects

- laboratory tests - longer-term experiments - lifelong toxicity tests, tests with early
developmental stages, plants - reproduction, germination ..., invertebrates - vertebrates -
reproductive toxicity tests

MUNI RECETOX



Aquatic bioassays

* today, standardized bioassays cover the whole range of levels (cont):

o effects in communities

- laboratory microcosms - artificially established communities of organisms of various species
under defined conditions (producers - consumers - destruents)

- field multispecies manipulated in situ studies - field studies, aquatic mesocosms (flowing,
standing, littoral — coastal

o field manipulated studies (in situ)

- studies with individual species - growing plants on contaminated and control areas, cage
experiments in aquatic environments (molluscs, fish)

o ecosystem effects (these are, in fact, not ,,bioassays“ but ,,bioindication®)

- field observation - evaluation of effects in populations and communities in a real natural
situation
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Aquatic bioassays - producents

= cyanobacteria — photosynthetic, nitrogen-fixing eubacteria; colonies, filaments, single cells
= unicellular algae — eucaryoatic; cells, filamentous, colonies; freshwater or marine

= both usually evaluated by the change in the number of cells (growth) — measured often as
green color

= vascular plants — aquatic plants
= size, length — growth, mortality

= other endpoints: concentration of pigments (eg chlorophyll a), physiological activity (nutrient
intake) and metabolic activity (photosynthetic activities, enzymatic activities)
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Aquatic bioassays — producents - algae

= unicellular algae Pseudokirchneriella subcapitata (formerly Selenastrum capricornutum),
Desmodesmus subspicatus (formerly Scenedesmus subspicatus), diatoms (Navicula
pelliculosa) or cyanobacteria Anabaena flos-aquae, Synechococcus leopoliensis

= cultures or lyophylised stock may be used

= equipment needed with high light intensity
about 60-120 yE m? s*! (~4500-9000 lux)
at 400-700 nm

= inicial density of the culture:

Pseudokirchmeriella subcapitara: 5x10°- 10*  cells/mL
Desmodesmus subspicatus 2-5 x10° cells/mL
Navicula pelliculosa 10° cells/mL
Anabaena flos-aguae 10° cells/mL
Synechococcus leopoliensis 5x10%-10° cells/mL
OOEEZ?:Z Test No. 201: Freshwater Alga and Cyanobacteria, Growth Inhibition Test 2011

ISO 8692:2012 Water quality — Fresh water algal growth inhibition test with unicellular green algae 7



https://www.oecd-ilibrary.org/environment/test-no-201-alga-growth-inhibition-test_9789264069923-en
https://www.iso.org/standard/54150.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Aquatic bioassays — producents - algae

Component AAP OECD
= defined medium 2> mg/L mM mg/L mM
= 72 h exposure at light and 20-24°C e ST 0%
MalNO; 255 0.300
= algal biomass determination: cell counts NH(C1 150 0.280
(electronic or microscope or flow cytometer) or MgCl 6(,0)  |12.16 00598 ]120 0.0590
fluorescence or color (fluorimeter, CaCly2(,0) 441 0.0300 180 0.122
MgS0,-7(H,0) 14.6 0.0592 15.0 0.0600
spectrophotometer) K.HPO. L oud 0.00500
EH-PO, 1.60 000919
FeCl;-6(H,0) 0.160 0000591 0.0640 0.000237
Na;EDTA-2(H,0) |0.300 0.000806 0.100 0.000260*
H:BO; 0.156 0.00300 0.185 0.00200
MnCl;-4(H,0) 0415 0.00201 0.415 0.00210
0l 0.00327 0.000024 0.00300 0.0000220
CoCly-6({H,0) 0.00143 0.000006 0.00150 0.00000630
a:MoO.:2(H,0) (0.00726 0.000030 0.00700 00000280
CuCly 2(H.0) 0.000012 0.00000007  [0.00001 0.00000006
pH 73 8.1
9;3’6 Test No. 201: Freshwater Alga and Cyanobacteria, Growth Inhibition Test 2011

fﬁmb ISO 8692:2012 Water quality — Fresh water algal growth inhibition test with unicellular green algae
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https://www.oecd-ilibrary.org/environment/test-no-201-alga-growth-inhibition-test_9789264069923-en
https://www.iso.org/standard/54150.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Aquatic bioassays — producents - algae

validity
= controls:

o exponential growth by factor of > 16 over 72 h

o coefficient of variation (relative standard deviation, i.e. standard deviation divided by mean) < 35% (each day
evaluation) and for average specific growth rate < 7%

= reference substance:

o e.g. 3,5-dichlorophenol or potassium dichromate should be tested at least twice a year
o effect (EC50) must be within the prescribed range

?Egé Test No. 201: Freshwater Alga and Cyanobacteria, Growth Inhibition Test 2011

ISO 8692:2012 Water quality — Fresh water algal growth inhibition test with unicellular green algae



https://www.oecd-ilibrary.org/environment/test-no-201-alga-growth-inhibition-test_9789264069923-en
https://www.iso.org/standard/54150.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Aquatic bioassays — producents - algae

#

ooEi:?:z Test No. 201: Freshwater Alga and Cyanobacteria, Growth Inhibition Test 2011

Igg ISO 8692:2012 Water quality — Fresh water algal growth inhibition test with unicellular green algae



https://www.oecd-ilibrary.org/environment/test-no-201-alga-growth-inhibition-test_9789264069923-en
https://www.iso.org/standard/54150.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Aquatic bioassays — producents - algae

ALGALTOXKIT F™

. . . MICROBIOTESTS
miniaturization
Cost-effective, culture/maintenance free* bioassays
with the micro-algae Selenasfrum capricornutfum
= {renamad Kaphidocoels sebeapiiate P yewdokireheniella suboa miata )
trfbrg up
¢ Caliiads the voluimse pdu A dA8 prepelde B bpEssen of
1M collnfm . w4 1 %8 uw § 6 3 The micro-algae
=Y A e are included in

B A the kis 1n “algal
beads™ from
l which they can be
set free “on

demand™

Algnl edle

Each Algaltoxkit

contains all the materials
to perform two

72h grovwth inhibition tests

http://ebpi.ca/ slideshows Algaltoxkit%20F%?20slid
€%20show.pdf

o??g Test No. 201: Freshwater Alga and Cyanobacteria, Growth Inhibition Test 2011



https://www.oecd-ilibrary.org/environment/test-no-201-alga-growth-inhibition-test_9789264069923-en
https://www.iso.org/standard/54150.html
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
http://ebpi.ca/_slideshows_Algaltoxkit F slide show.pdf
http://ebpi.ca/_slideshows_Algaltoxkit F slide show.pdf

Aquatic bioassays — producents - plants

= duckweed*, Lemna minor or gibba :"f:" f"“' '
= start with 10 leaves (fronds) per 1 beaker - -
= several recommended special media
= 96 h; 6500 - 10000 lux; pH 6.5; 24°C

= growth: biomass — weight and no. of fronds (image analysis
possible)

validity:

= control: doubling time < 2.5 days

= reference compound: 3,5-dichlorophenol or K,Cr,0, (EC50:
10-60 mg/L)

®” Test No. 221: Lemna sp. Growth Inhibition Test 2006

ISO 20079:2005 Water quality — Determination of the toxic effect of water constituents and waste water on duckweed (Lemna minor) 12
— Duckweed growth inhibition test



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-221-lemna-sp-growth-inhabition-test_9789264016194-en
https://www.oecd-ilibrary.org/environment/test-no-221-lemna-sp-growth-inhabition-test_9789264016194-en
https://www.oecd-ilibrary.org/environment/test-no-221-lemna-sp-growth-inhabition-test_9789264016194-en
https://www.oecd-ilibrary.org/environment/test-no-221-lemna-sp-growth-inhabition-test_9789264016194-en
https://www.iso.org/standard/34074.html

Aquatic bioassays — producents - plants

= miniaturization with Spirodela

TEST PROCEDURE OF THE DUCKWEED SPIRODELA MICROBIOTEST

Measurement of the area of the first fronds

- ;s @ ineach cup attOh and at t72h with an Image
F N e W % " B k- Analysis Programme
3 v LbwdFQh,

R T T e e
% k8. B 2 .
S ¥ L] . - L] 1 " » >__ ‘ \ ‘ ’ “ f - ﬁ
= . 0 ¥ r  BaR B S . . ’ S ‘- L
Incubation for 3 days - . R .
Transfer of 1 germinated turion i R N 808 8 B at 25°C with 6000 ¢ # 4 K A & 8 ¥ lﬁlcufatlon of “the glrcwth: of the first fronds
into each cup of a 6 x 8 multiwell, 1 Jux illumination : e controls mod, Iyt _tESt
containing the toxicant S Y T L TN s M Mal e i ol concentrations, and calculation of the
concentrations L .ﬂ' percentage growth inhibition + the 72h ECS0
3 days germination of the
turions at 25°C and with Taking of a photo of the multiwell at the Taking of a photo of the multiwell at the
6000 lux illumination start of the test (t0h) end of the test {t72h)
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test duckweed-toxkit-
f standard-operating-procedure.pdf
ISO 20227:2017 Water quality — Determination of the growth inhibition effects of waste waters, natural waters and chemicals on the 13

duckweed Spirodela polyrhiza — Method using a stock culture independent microbiotest



https://www.iso.org/standard/67326.html
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf
https://www.microbiotests.com/wp-content/uploads/2019/07/duckweed-toxicity-test_duckweed-toxkit-f_standard-operating-procedure.pdf

Aquatic bioassays — producents - plants

Test No. 238: Sediment-Free Myriophyllum Spicatum Toxicity Test 2014
Test No. 239: Water-Sediment Myriophyllum Spicatum Toxicity Test 2014
ISO 16191:2013 Water quality — Determination of the toxic effect of sediment on the growth behaviour of Myriophyllum aquaticum
ISO 10710:2010 Water quality — Growth inhibition test with the marine and brackish water macroalga Ceramium tenuicorne

14


http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.iso.org/standard/55809.html
https://www.iso.org/standard/46064.html
https://www.oecd-ilibrary.org/environment/test-no-238-sediment-free-myriophyllum-spicatum-toxicity-test_9789264224131-en
https://www.oecd-ilibrary.org/environment/test-no-238-sediment-free-myriophyllum-spicatum-toxicity-test_9789264224131-en
https://www.oecd-ilibrary.org/environment/test-no-238-sediment-free-myriophyllum-spicatum-toxicity-test_9789264224131-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en
https://www.oecd-ilibrary.org/environment/test-no-239-water-sediment-myriophyllum-spicatum-toxicity-test_9789264224155-en

Aquatic bioassays — consumers - invertebrates

= are very very common - sometimes ecotoxicology is confused with "Daphnia bioassays,

= standard layouts:

o beakers/vessels, acute tests 1-few days, extended tests 21 d

o evaluation of lethality, growth ... short-term - usually static

o evaluation of reproduction etc. ... longer exposures, need for food, well controlled supply of oxygen ...
= aquatic planktonic crustaceans - the most common

o Daphnia magna, Ceriodaphnia dubia, Artemia salina (marine)
= other invertebrates

o benthic - Gammarus, Hyallela azteca

o oligochaetic worms - Tubifex, Lumbriculus

o snails — sand snail

o insects - midges (Chironomus), mayflies ...

MUNI RECETOX
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Aquatic bioassays — consumers - invertebrates

= also many of them developed to microbiotests

d .
e ff =
O DAPHTOXKITF O THAMNOTOXKIT F O CERIODAPHTOXKIT
F

http://ebpi.ca/ slideshows Daphtoxkit%
20F%20magna%20slide%20show.pdf

https://www.microbiotests.com

MUNI RECETOX

O ARTOXKITM

O OSTRACODTOXKIT
F
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https://www.microbiotests.com/
http://ebpi.ca/_slideshows_Daphtoxkit F magna slide show.pdf
http://ebpi.ca/_slideshows_Daphtoxkit F magna slide show.pdf

Aquatic bioassays — consumers - invertebrates

Daphnia magna acute test

= 5 juvenile daphnids per replicate (min 2 ml)
= medium = so called reconstituted water
1. CaCl, - 2H,0 11,76 g/l
2. MgSO, - 7H,0 4,93 g/l
3. NaHCO; 2,59 g/l
4. KCI0,23 g/l
mix 25 ml of each to 1 L, pH 7.8, aeration

= 24h, 48h; dark or 16h light / 8h dark;
02 >80 % (2 mg/l); 20°C; no food

Larvy (Instar IT - )
PHipravené pro test toxicity

Petriho miska
s larvami

= mortality = immobilization Y

validity: e i s =N

= control: mortality< 10 %; _ : 8_88888 =

= reference compound: K,Cr,0O, (LC50: mg/L) s ——— ol gm0 e
@ﬂ Test No. 202: Daphnia sp. Acute Immobilisation Test T 2004

OECD
25 SO 6341:2012 Water quality — Determination of the inhibition of the mobility of Daphnia magna Straus (Cladocera, Crustacea) — Acute toxicity test 17



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.iso.org/standard/54614.html

Aquatic bioassays — consumers - invertebrates

Daphnia magna acute test

other videos:
https://www.youtube.com/watch?v=EIENgCeGNSA
https://www.youtube.com/watch?v=3Ax036DLjsU

2004

OECD



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.oecd-ilibrary.org/environment/test-no-202-daphnia-sp-acute-immobilisation-test_9789264069947-en
https://www.iso.org/standard/54614.html
https://www.youtube.com/watch?v=ElENqCeGNSA
https://www.youtube.com/watch?v=3AxO36DLjsU

Aquatic bioassays — consumers - invertebrates

Daphnia magna reproduction test ‘ 1|

= 24 hjuveniles, 10 per replicate, 50 ml or more
= medium reconstituted water or M4/M7

= 21 days; 16/8 light/dark; 02 > 3 mg/l);
20°C; food (algae)

= week check, aeration or medium change

koncentrace 15 mg/l

240

= mortality + number of juveniles
+ other parameters (behavior, malformations ...,
validity: i
= control: mortality< 10 %; Sl o saemer

—— C18 ELUATE
~#— SPINACH

= reference compound: K,Cr,0, (LC50: mg/L) i

20

10 12 14 16 18 20 22 -

nouipal yoAuszo.eu jo30d

¢as (dny)

@” Test No. 211: Daphnia magna Reproduction Test 2012
OECD

ISO 10706:2000 Water quality — Determination of long term toxicity of substances to Daphnia magna Straus (Cladocera, Crustacea) 19



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-211-daphnia-magna-reproduction-test_9789264185203-en
https://www.iso.org/standard/18795.html

Aquatic bioassays — consumers - invertebrates

other invertebrates used in the bioassays

@ Test No. 242: Potamopyrgus antipodarum Reproduction Test 2016
OEC’S Test No. 243: Lymnaea stagnalis Reproduction Test 2016
ISO 10872:2020 Water and soil quality — Determination of the toxic effect of sediment and soil samples on growth, fertility and reproduction of
Caenorhabditis elegans (Nematoda)
ISO 14380:2011 Water quality — Determination of the acute toxicity to Thamnocephalus platyurus (Crustacea, Anostraca)
ISO 14669:1999 Water quality — Determination of acute lethal toxicity to marine copepods (Copepoda, Crustacea)
ISO 20665:2008 Water quality — Determination of chronic toxicity to Ceriodaphnia dubia
ISO/TS 18220:2016 Water quality — Larval development test with the harpacticoid copepod Nitocra spinipes
ISO 16778:2015 Water quality — Calanoid copepod early-life stage test with Acartia tonsa
ISO 17244:2015 Water quality — Determination of the toxicity of water samples on the embryo-larval development of Japanese oyster (Crassostrea gigas)
and mussel (Mytilus edulis or Mytilus galloprovincialis)

20


http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-242-potamopyrgus-antipodarum-reproduction-test_9789264264311-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.oecd-ilibrary.org/environment/test-no-243-lymnaea-stagnalis-reproduction-test_9789264264335-en
https://www.iso.org/standard/71352.html
https://www.iso.org/standard/54613.html
https://www.iso.org/standard/25162.html
https://www.iso.org/standard/39673.html
https://www.iso.org/standard/61809.html
https://www.iso.org/standard/57698.html
https://www.iso.org/standard/59472.html

Aquatic bioassays — consumers - fish

Species® Temperature’ Salinity® pH Hardness Photoperiod Recommended
(°C) (%o) (mg/L CaCO;) (hours light) length range’ (cm)

Danio rerio

Zebrafish 21-25 <0.2 6.0-85 40- 250, 12-16 1-2
preferahly <180

Pimephales promelas

Fathead minnow 21-25 <0.2 6.0-85 40-250, 12-16 1-3
preferably <180

Cyprinus carpio

Carp 20-24 <0.2 6.0-85 40-250, 12-16 24
preferably <180

Oryzias latipes

Japanese Medaka 23-27 <0.2 6.0-8.5 40-250, 12-16 1-2
preferably <180

Poecilia reticulata

Guppy 21-25 <0.2 6.0-85 40-250, 12-16 1-2
preferably <180

Lepomis macrochirus

Bluegill 21-25 <0.2. 6.0-85 40-250, 12-16 1-3
preferably <180

Oncorhynchus mykiss

Rainbow frout 10-1410 <0.2 6.0-8.5 40-250, 12-16 3-6
preferably <180

Gasterosteus aculeatus

Three-spined stickleback 13-19 0-35 6.0-8.5 40-7500 12-16 1-2

Cyprinodon variegatus

Sheepshead minnow 23-27 15-35 6.0-8.5 3000-7500 12-16 1-2

Dicentrarchus labrax

European sea bass 18-22 15-35 6.0-85 3000-7500 12-16 4-8

Pagrus major

Red sea bream 18-22 30-35 6.0-8.5 5000-7500 12-16 2-4

MUNI RECETOX
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Aquatic bioassays — consumers - fish

= fish cultures require specific equipment — culture labs with very controlled
conditions

= need for special approval to work experiments with vertebrates !!!

TANGUAY L4B

MUNI | RECETOX 22




Aquatic bioassays — consumers - fish

» fish cultures require specific equipment — culture labs with very controlled
conditions

Vyukoveé video

Adam Jonas
www.recetox.muni.cz

MUNI RECETOX
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Clinical sign Jpefinition ISgnangms

LOSS OF EQUILIBRIUM (sub-categories below)

. . . Loss of balance displaying as abnormal horizontal . et
Abnormal horizontal orientation LERIME Keeling, lost righting reflex

orientation/posture in water column

] u
A u at I c b I O a S s a S — Abnormal vertical orientation Head-up or head-down posture
Loss of buoyancy control Floating at surface or sinking to the bottom

ABNORMAL SWIMMING BEHAVIOUR (sub-categories below)

] Hypoactivity Decrease (n spantaneous activity Torpu:l, apath\{r, lethargy, weak, immobility, inactivity, ceased
r swimming, quiescent
c o n S u m e S - I S Hyperactivity Increase in spontaneous activity Erratic swimming, skittering
Corkscrew swimming Rotation around long axis; erratic movements, often in Rolling, spiralling, spiral swimming, tumbling, circling
bursts movements
- - Convulsions Abnormal involuntary and uncontrolled contraction of Sglzurfas, twitching, muscle spasms, shaking, shuddering,

» muscles vibration

Tetany Rigid body musculature (intermittent or permanent) Paralysis
. I I I t- Irritated skin behaviours Flashing, scraping, rubbing
O aq uarla SI I Ia er Or arger’ aera Ion A?no_rmal surface . Abnormal depth selection, close to water/air interface Jumping, surfacing; on/at/near/just below surface/top
distribution/behaviour
n eed ed Abnormal bottom Diving, sounding; Lying on/ orientation to / collecting at / near /
distribution/behaviour Abnormal depth selection, close to base of tank just above bottom
. . Over-reactive to stimulus Flight (startle) or avoidance response to: visual (hand Hyperexcitability; hyperactivity after stimulus/threat
‘t t ‘t fI passing over top of tank, light beam), tactile (touch) or - - —— - :
I I I - Mot to ext | stimulation; 1 fter stimul
O Varlous arrange en S (S a IC’ OW Under-reactive to stimulus vibration (tank rapped lightly) stimulus tho risponswe e Ll Dl A L £ el L U
rea
th rou h Loss of schooling / shoaling behaviour !ndl\rldu.a\ fish show loss of aggregating and social Isolation, social isolation
LI ] interactions

Dense schooling / shoaling behaviour |Increasein clumped association of fish Crowding

ABNORMAL VENTILATORY (RESPIRATORY) FUNCTION (sub-categories below)
O a Cu te teStS - 96 h ) p ro I O n g ed teStS = Rapid/strong respiratory rate/ function. Heavy gill movements,

o Increased frequency of opercular ventilatory movements, B )
Hyperventilation strong ventilation, strongly extended gills, abnormal opercular

with possible open mouth and extended operculae o
ayS O l I lon S activity, operculae spread apart, mouth open

o Decreased frequency of (and possibly shallow) opercular Reduced/laboured/weak/slow respiration/respiratory
4 ventilatory movements action/ventilation

0 Iethal ity g rOWth reprOd UCtion Irregul ar ventilation Irregular opercular ventilatory movements Sporadic / spasmodic respiration / gill movement
b )

. Fastreflex expansion of mouth and operculae not at water ) e
(Coughing . Gasping, abnormal opercular activity, yawn
surface - assumed to clear ventilatory channels

o lot of sublethal endpoints possible:  [esn o™ ™% g

. . Head shaking Rapid lateral head movements
behaV|Or’ Spasms, fOOd |nta ke’ ABNORMAL SKIN PIGMENTATION (sub-categories below) _ _ _
. . Darkened Chzllngfad_/ i ncre:sed / dark(ened) colour / pigmentation /
melanistic markings
breath Ing y health y hIStOIOgy’ Lightened Pallor, pale/changed/weak pigmentation

Mottled Discoloured patches

b i Oa CCU m u I ati O n y te ratog e n i City, (OTHER VISIBLE (APPEARANCE & BEHAVIOUR) ABNORMALITIES (sub-categories below)

Exophthalmia Swelling within orbital socket(s) resulting in bulging of one

Exophthalmos, exophthalmus, popeye, protruding eyeball

carcinogenicity, xenoestrogenicity

Oedema A RN S M e i B L EL [, Distended/swollen/bloated abdomen/gut area; dropsy

cause protruding scales and/or fissurein abdominal wall
9 9 9 Petechias (pinhead sized spots) and/or haematoma (area of

H h
SALIIER blood) due to intradermal or sub-mucus bleeding

. . Mucus build-u ay close attention to eyes); increased
Mucus secretion Excess mucus production . P (pay : N ves);
secretion (mucus on skin or in water); mucus loss

Faecal (anal) casts String of faeces hanging from anus or on tank floor
lAggression and/for cannibalism Aggression, direct attack, domination of choice tank locations,

pick at or eat bodies of dead fish




Aquatic bioassays — consumers - fish

Parameter Maximum concentration

Acute toxicity test T e nit
n-lonised ammonia 3 Hg

. . . . . Nitrate (NO3) _ <9 mg/L"?

= juvenile fish, acclimatized E‘??fﬁ;”hé%ﬁ?’ip“c"usf?ﬁ““‘“‘fs — 125 ggﬁ
. . otal organochlorine pesticides plus polychlorinated biphenyls ng

= medium: reconstituted water, groundwater or clean water [Faomen diome 25 nglL
Arsenic (As) 1 gl

= 24-96 h gﬂé‘éﬂ?‘%‘fj’ iﬂgg
opper (Cu Ha.

= conditions depend on species, e.g. pH, temp, photoperiod = ol
N_i-:kel (Ni) 1 pg/L

= disolved O, >60% saturation Casmium ©3 100 ngr

Siver (Ag) 00 noT

u no feeding Chemical oxygen demand (COD}™ 5 mgiL

= mortality, size, weight

validity

= controls: mortality < 10%, O2 etc.

= dissolved O, =2 60% of air saturation

= analytical measurement of test concentrations is compulsory

@/l Test No. 203: Fish, Acute Toxicity Test 2019
OECD ISO 7346-1:1996 Water quality — Determination of the acute lethal toxicity of substances to a freshwater fish (Brachydanio rerio ...) - Part 1: Static method
I“s“"b ISO 7346-2:1996 Part 2: Semi-static method 25

pezll |SO 7346-3:1996 Part 3: Flow-through method



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-203-fish-acute-toxicity-test_9789264069961-en
https://www.iso.org/standard/14026.html
https://www.iso.org/standard/14026.html
https://www.iso.org/standard/14026.html
https://www.iso.org/standard/14028.html
https://www.iso.org/standard/14028.html
https://www.iso.org/standard/14028.html
https://www.iso.org/standard/14030.html
https://www.iso.org/standard/14030.html
https://www.iso.org/standard/14030.html

Aquatic bioassays — consumers - fish

Prolonged, chronic toxicity tests
= prolonged = longer exposure with mortality endpoint, sublethal endpoints also recorded
= from14t028d

= chronic = also other endpoints like reproduction
= 7-200d

@ Test No. 210: Fish, Early-life Stage Toxicity Test 2013
” Test No. 215: Fish, Juvenile Growth Test 2000
OECD Test No. 229: Fish Short Term Reproduction Assay 2012
Test No. 204: Fish, Prolonged Toxicity Test: 14-Day Study 1984
Test No. 230: 21-day Fish Assay 2009
Test No. 240: Medaka Extended One Generation Reproduction Test (MEOGRT) 2015
ISO 10229:1994 Water quality — Determination of the prolonged toxicity of substances to freshwater fish — Method for evaluating the effects of substances on the growth rate of
e rainbow trout (Oncorhynchus mykiss Walbaum (Teleostei, Salmonidae))



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-215-fish-juvenile-growth-test_9789264070202-en
https://www.oecd-ilibrary.org/environment/test-no-229-fish-short-term-reproduction-assay_9789264185265-en
https://www.oecd-ilibrary.org/environment/test-no-204-fish-prolonged-toxicity-test-14-day-study_9789264069985-en
https://www.oecd-ilibrary.org/environment/test-no-204-fish-prolonged-toxicity-test-14-day-study_9789264069985-en
https://www.oecd-ilibrary.org/environment/test-no-204-fish-prolonged-toxicity-test-14-day-study_9789264069985-en
https://www.oecd-ilibrary.org/environment/test-no-230-21-day-fish-assay_9789264076228-en
https://www.oecd-ilibrary.org/environment/test-no-230-21-day-fish-assay_9789264076228-en
https://www.oecd-ilibrary.org/environment/test-no-230-21-day-fish-assay_9789264076228-en
https://www.oecd-ilibrary.org/environment/test-no-240-medaka-extended-one-generation-reproduction-test-meogrt_9789264242258-en
https://www.iso.org/standard/18265.html

Aquatic bioassays — consumers - fish

Embryonal, embryolarval tests

= fertilized eggs are exposed to chemicals for L
several days ¥ Y ©
= effects on development = teratogenicity

= prolonged to hatching and larvae

development

= endpoints: hatching, survival, development, MyiRovVe Video

' ' Adam Jonas
behavior, size am Jona

www.recetox.muni.cz

@ Test No. 210: Fish, Early-life Stage Toxicity Test 2013
oeEch JTest No. 212: Fish, Short-term Toxicity Test on Embryo and Sac-Fry Stages 1998

el Test No. 236: Fish Embryo Acute Toxicity (FET) Test 2013 27
ISO 15088:2007 Water quality — Determination of the acute toxicity of waste water to zebrafish eggs (Danio rerio)



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-210-fish-early-life-stage-toxicity-test_9789264203785-en
https://www.oecd-ilibrary.org/environment/test-no-212-fish-short-term-toxicity-test-on-embryo-and-sac-fry-stages_9789264070141-en
https://www.oecd-ilibrary.org/environment/test-no-212-fish-short-term-toxicity-test-on-embryo-and-sac-fry-stages_9789264070141-en
https://www.oecd-ilibrary.org/environment/test-no-212-fish-short-term-toxicity-test-on-embryo-and-sac-fry-stages_9789264070141-en
https://www.oecd-ilibrary.org/environment/test-no-212-fish-short-term-toxicity-test-on-embryo-and-sac-fry-stages_9789264070141-en
https://www.oecd-ilibrary.org/environment/test-no-212-fish-short-term-toxicity-test-on-embryo-and-sac-fry-stages_9789264070141-en
https://www.oecd-ilibrary.org/environment/test-no-236-fish-embryo-acute-toxicity-fet-test_9789264203709-en
https://www.iso.org/standard/37368.html

Aquatic bioassays —
consumers - frog

FETAX — Frog Embryo Teratogenicity Assay
Xenopus

= fertilized eggs are exposed to chemicals for
several days

= effects on development = teratogenicity

Adult (stage 66)

Metamorphosis

600
Free-swimming ltadpole (stage 45) I]
R Tre—

4 (8125°C)
Days Hours
ﬂj atter afier
fertilization fertilization

Tailbud embryo (stage 25)

B
i

) =i 20 15
1 Organogmsis- Gastrula
L Ne_unfrta {gouiun}
= |
€ Q"__'-:j k :
(stage 16} (stage 12)

(dorsal view)

I_able 4.11 The Frog Emhrgn Teratogenesis Assay: Xenopus (FETAX)

Test typea

86 h static renewal

Crrganism
Age of parent organism

size of parent organism

Feeding

Experimental design
Test vessel type and size

Test saolution volume

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

par sample
MNumber of organisms

per chamber

Test duration

Physical and chemical parameters

Temperature

FPhotoperiod

pH range

TOC

Alkalinity and hardness

Endpoint

Xenopus laevis

Adult male: at least 2 years of age

Adult female: at least 3 years of age

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

Adult female: 10-12.5 cm in length

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

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

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

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

Adults: water depth should be 7-14 em

Embryos: 10 ml per digh

Continuous throughout test

Every 24 h

5

2

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

Embryos: 25

88 h

Adult: 23 + 3°C

Embryos: 24 4 2°C

12 h light / 12 h dark

65to9

10 mgyl

Between 16 and 400 mgil as CaCQ,

Acute (mortality) and subacute (teratogenesis) 28




Aquatic bioassays — destruents - bacteria

Vibrio fisheri luminescece test

= marine bacteria - bad for samples with high minerals or organic matter -
stimulation

= very quick - 5-30 min
= luminiscence inhibition
= problem with particles and colour = flash test

(=0}
1

o
1

Luminiscence (RLU)
™) (o) =Y

) ury
L

Cas

ISO 11348-1:2007/Amd 1:2018

Water quality — Determination of the inhibitory effect of water samples on the light emission of Vibrio fischeri (Luminescent bacteria test) — Part 1: Method
using freshly prepared bacteria — Amendment 1

Iﬁépb ISO 11348-2:2007/Amd 1:2018 Part 2: Method using liquid-dried bacteria — Amendment 1 29
peoll SO 11348-3:2007/Amd 1:2018 Part 3: Method using freeze-dried bacteria — Amendment 1



https://www.iso.org/standard/73340.html
https://www.iso.org/standard/73340.html
https://www.iso.org/standard/73340.html
https://www.iso.org/standard/73341.html
https://www.iso.org/standard/73341.html
https://www.iso.org/standard/73341.html
https://www.iso.org/standard/73342.html
https://www.iso.org/standard/73342.html
https://www.iso.org/standard/73342.html

Aquatic bioassays — destruents - bacteria

Pseudomonas putida growth inhibition test

I?O ISO 10712:1995 Water quality — Pseudomonas putida growth inhibition test (Pseudomonas cell multiplication inhibition test) 30
N



https://www.iso.org/standard/18800.html

Aquatic bioassays — destruents - bacteria

Mutation and genotoxicity tests

= with bacteria, but used also for general testing of mutagenicity and genotoxicity

= with liver fraction S9 simulate activation of xenobiotics within de-toxification in vertebrates
Salmonella sp. — Ames test

= mutants cannot live in medium without histidine

* in case of mutagenic chemical the reverse mutation is induces — they grow

Umu-C

» transgenic bacteria with luciferase gene introduced to operon for DNA reparation

= genotoxicity causes activation of reparation and thus luciferase and light

ISO 11350:2012 Water quality — Determination of the genotoxicity of water and waste water — Salmonella/microsome fluctuation test (Ames fluctuation test)

I“sﬂ'b ISO 16240:2005 Water quality — Determination of the genotoxicity of water and waste water — Salmonella/microsome test (Ames test)
a7l SO 13829:2000 Water quality — Determination of the genotoxicity of water and waste water using the umu-test



https://www.iso.org/standard/50393.html
https://www.iso.org/standard/32160.html
https://www.iso.org/standard/22626.html

Aquatic bioassays — destruents - bacteria

Testing the effects on activated sludge
= important because of biotechnologies — water treatment plants

= complex microbial community and its activities: respiration, nitrification
* in erlenmeyer flasks etc.

= measurements of biological oxygen demand (BOD) or respirometry

Q)

OECD

N

Test No. 224: Determination of the Inhibition of the Activity of Anaerobic Bacteria

2007
Test No. 209: Activated Sludge, Respiration Inhibition Test (Carbon and Ammonium Oxidation) 2010
Test No. 244: Protozoan Activated Sludge Inhibition Test 2017

ISO 15522:1999

Water quality — Determination of the inhibitory effect of water constituents on the growth of activated sludge microorganisms
SO 8192:2007

Water quality — Test for inhibition of oxygen consumption by activated sludge for carbonaceous and ammonium oxidation

ISO 9509:2006 Water quality — Toxicity test for assessing the inhibition of nitrification of activated sludge microorganisms

32


http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-224-determination-of-the-inhibition-of-the-activity-of-anaerobic-bacteria_9789264067332-en
https://www.oecd-ilibrary.org/environment/test-no-209-activated-sludge-respiration-inhibition-test_9789264070080-en
https://www.oecd-ilibrary.org/environment/test-no-244-protozoan-activated-sludge-inhibition-test_9789264284029-en
https://www.iso.org/standard/27554.html
https://www.iso.org/standard/37369.html
https://www.iso.org/standard/34812.html

Aquatic bioassays — sediments

sediment = aquatic equivalent of the soil = very heterogenic matrix,
contains solid phase (mineral particles and organic matter) and pore water

sediment is often potential long-term reservoir / source of contaminants

distribution of contaminatns between water and sediment (sorption) —
sediment organisms are exposed to contaminants in solid and/or liquid
components of sediment

benthic organisms

MUNI RECETOX

33



Aquatic bioassays — sediments

Chironomus riparius Heterocypris incongruens

Chironomus tentans
Lumbriculus variegatus Tubifex tubifex Hyalela aztecaincongruens

MUNI RECETOX 34



Aquatic bioassays — consumers - invertebrates

AE

Tests with chironomids
OECD 235

= same as Daphnia acute test, just with Chironomus larvae
OECD 218+219

= 10 larvae (cca 10d old) per beaker

= OECD artificial sediment

= 100 ml sediment / 175 ml water

= 21-28 d; 16/8 h light/dark; controled pH, O,
= food

= survival and growth
OECD 233
= reproduction = development to midges

@» Test No. 235: Chironomus sp., Acute Immobilisation Test 2011
OECD Test No. 218: Sediment-Water Chironomid Toxicity Using Spiked Sediment 2004
Test No. 219: Sediment-Water Chironomid Toxicity Using Spiked Water 2004 35

Test No. 233: Sediment-Water Chironomid Life-Cycle Toxicity Test Using Spiked Water or Spiked Sediment 2010



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-235-chironomus-sp-acute-immobilisation-test_9789264122383-en
https://www.oecd-ilibrary.org/environment/test-no-218-sediment-water-chironomid-toxicity-using-spiked-sediment_9789264070264-en
https://www.oecd-ilibrary.org/environment/test-no-218-sediment-water-chironomid-toxicity-using-spiked-sediment_9789264070264-en
https://www.oecd-ilibrary.org/environment/test-no-218-sediment-water-chironomid-toxicity-using-spiked-sediment_9789264070264-en
https://www.oecd-ilibrary.org/environment/test-no-219-sediment-water-chironomid-toxicity-using-spiked-water_9789264070288-en
https://www.oecd-ilibrary.org/environment/test-no-219-sediment-water-chironomid-toxicity-using-spiked-water_9789264070288-en
https://www.oecd-ilibrary.org/environment/test-no-219-sediment-water-chironomid-toxicity-using-spiked-water_9789264070288-en
https://www.oecd-ilibrary.org/environment/test-no-233-sediment-water-chironomid-life-cycle-toxicity-test-using-spiked-water-or-spiked-sediment_9789264090910-en
https://www.oecd-ilibrary.org/environment/test-no-233-sediment-water-chironomid-life-cycle-toxicity-test-using-spiked-water-or-spiked-sediment_9789264090910-en
https://www.oecd-ilibrary.org/environment/test-no-233-sediment-water-chironomid-life-cycle-toxicity-test-using-spiked-water-or-spiked-sediment_9789264090910-en
https://www.oecd-ilibrary.org/environment/test-no-233-sediment-water-chironomid-life-cycle-toxicity-test-using-spiked-water-or-spiked-sediment_9789264090910-en
https://www.oecd-ilibrary.org/environment/test-no-233-sediment-water-chironomid-life-cycle-toxicity-test-using-spiked-water-or-spiked-sediment_9789264090910-en

MUNI RECETOX

Soil bioassays - examples



Soil bioassays — producents - plants

= large number of different tests

various endpoints

= seed germination and root elongation

= emergence

= seedling growth

= biomass production

= life cycle (changes in weight, size, number of flowers, seeds ..)
» physiological tests (photosynthesis, respiration)

= enzymatic tests

= symbiosis — N fixation, mycorhiza

MUNI RECETOX
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Soil bioassays — producents - plants

species
= usually needed at least monocolyledenous + dicolyledenous
= Sinapis alba, Lactuca sativa, Lepidium sativum, Hordeum vulgare, Zea mays

MUNI RECETOX

38



Soil bioassays — producents - plants

Root elongation inhibition

= preparation of seeds to 2 mm
= 15 seeds to 200-300 g soil

= 3-5d; soil pH; dark; 24°C
root length
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https://www.iso.org/standard/51388.html?browse=tc
https://www.iso.org/standard/51388.html?browse=tc
https://www.iso.org/standard/51388.html?browse=tc

Soil bioassays — producents - plants

Emergence, early growth, growth, chronic

Test No. 208: Terrestrial Plant Test: Seedling Emergence and Seedling Growth Test 2006
Test No. 227: Terrestrial Plant Test: Vegetative Vigour Test 2006
ISO 11269-2:2012 Soil quality — Determination of the effects of pollutants on soil flora — Part 2: Effects of contaminated soil on the emergence and early growth of higher plants

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

ISO 18763:2016 Soil quality — Determination of the toxic effects of pollutants on germination and early growth of higher plants

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

40


http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-208-terrestrial-plant-test-seedling-emergence-and-seedling-growth-test_9789264070066-en
https://www.oecd-ilibrary.org/environment/test-no-227-terrestrial-plant-test-vegetative-vigour-test_9789264067295-en
https://www.oecd-ilibrary.org/environment/test-no-227-terrestrial-plant-test-vegetative-vigour-test_9789264067295-en
https://www.oecd-ilibrary.org/environment/test-no-227-terrestrial-plant-test-vegetative-vigour-test_9789264067295-en
https://www.oecd-ilibrary.org/environment/test-no-227-terrestrial-plant-test-vegetative-vigour-test_9789264067295-en
https://www.iso.org/standard/51382.html?browse=tc
https://www.iso.org/standard/51382.html?browse=tc
https://www.iso.org/standard/51382.html?browse=tc
https://www.iso.org/standard/31214.html?browse=tc
https://www.iso.org/standard/63317.html?browse=tc
https://www.iso.org/standard/36065.html?browse=tc

Soil bioassays — producents - plants

. Ty oy

=
& _

O PHYTOTOXKIT
SOLID
SAMPLES

MUNI RECETOX

https://www.microbiotests.com

http://ebpi.ca/ slideshows Phytotoxkit%20

slide%20show.pdf

41


https://www.microbiotests.com/
http://ebpi.ca/_slideshows_Phytotoxkit slide show.pdf
http://ebpi.ca/_slideshows_Phytotoxkit slide show.pdf

Soil bioassays — consumers - invertebrates

Earthworms

= earthworms are the most and longest time used representative of soil organisms in
ecotoxicology — the oldest test OECD from 1984

= Benefits and reasons:

O

O

MUNI

the whole development cycle takes place in the soil - a typical geobiont

consume large amounts of soil (high food exposure and accumulation of contaminants)
have very close physical contact with soil (skin exposure + oral)

they have significant bioaccumulation and bioconcentration character — macroconcentrators
very significant role in soil formation, decomposition processes, soil fertility

key role in the transfer of pollutants in food chains

occurrence in almost all soils in high numbers and weights
well introduced in laboratory tests (easy breeding)
easily identified in real samples (thanks to size)...

RECETOX
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Soil bioassays — consumers - invertebrates

Earthworms - acute

= Eisenia fetida / Eisenia andrei
= culcure in mixture manure/soil/garden-substrate/peat /
= 7,14 days
= 500 g soil; 50-60 % water holding capacity
= artificial soil or LUFA 2.2 or other
®» Test No. 207: Earthworm, Acute Toxicity Tests 1984

OECD

Iso ISO 11268-1:2012 Soil quality — Effects of pollutants on earthworms — Part 1: Determination of acute toxicity to Eisenia fetida/Eisenia andrei 43



http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-207-earthworm-acute-toxicity-tests_9789264070042-en
https://www.iso.org/standard/53527.html?browse=tc
https://www.iso.org/standard/53527.html?browse=tc
https://www.iso.org/standard/53527.html?browse=tc

Soil bioassays — consumers - invertebrates

Earthworms - acute
VA

®» Test No. 207: Earthworm, Acute Toxicity Tests 1984
OECD

L6 ISO 11268-1:2012 Soil quality — Effects of pollutants on earthworms — Part 1: Determination of acute toxicity to Eisenia fetida/Eisenia andrei 44
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Soil bioassays — consumers - invertebrates

Earthworms - reproduction

= 2 months: after 1 month adults removed, after 2nd month juveniles counted
» soil and conditions same as for acute test but food added (dung)

= various techniques how to extract juveniles from soil (usually heat)

. Glass Petri dish

- 1litre glass jar

] o Cow dung

;_ . Artificial soil

s | 10 adult earthworms

@” Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) 2016
OECD

A ISO 11268-2:2012 Soil quality — Effects of pollutants on earthworms — Part 2: Determination of effects on reproduction of Eisenia fetida/Eisenia andrei
I1SO
N
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Soil bioassays — consumers - invertebrates

Earthworms - reproduction

Water added

Soil weighted to jars

10 adults from culture
Washed

10 adults to 1 jar Weighting worms

e» Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) 2016
OECD

Iﬂsﬂb ISO 11268-2:2012 Soil quality — Effects of pollutants on earthworms — Part 2: Determination of effects on reproduction of Eisenia fetida/Eisenia andrei

N
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Soil bioassays — consumers - invertebrates

Earthworms - reproduction

Temperated room

Weighting the

worms .
Mortality assessment
®» Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) 2016
OECD
Iﬁé’b ISO 11268-2:2012 Soil quality — Effects of pollutants on earthworms — Part 2: Determination of effects on reproduction of Eisenia fetida/Eisenia andrei 47

g
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Soil bioassays — consumers - invertebrates

Earthworms - reproduction After 20 min

juveniles appear

Collecting and

D o counting
Water bath, increasing juveniles
temperature 40°C - 60°C
Sieving the soil
Hand sorting of cocoons Counting
e» Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) 2016

OECD
Iﬂsﬂb ISO 11268-2:2012 Soil quality — Effects of pollutants on earthworms — Part 2: Determination of effects on reproduction of Eisenia fetida/Eisenia andrei 48
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Soil bioassays — consumers - invertebrates

Earthworms - reproduction

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

OECD
ﬁb ISO 11268-2:2012 Soil quality — Effects of pollutants on earthworms — Part 2: Determination of effects on reproduction of Eisenia fetida/Eisenia andrei
N

2016

49


http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
https://www.oecd-ilibrary.org/environment/test-no-222-earthworm-reproduction-test-eisenia-fetida-eisenia-andrei_9789264264496-en
https://www.oecd-ilibrary.org/environment/test-no-222-earthworm-reproduction-test-eisenia-fetida-eisenia-andrei_9789264264496-en
https://www.oecd-ilibrary.org/environment/test-no-222-earthworm-reproduction-test-eisenia-fetida-eisenia-andrei_9789264264496-en
https://www.oecd-ilibrary.org/environment/test-no-222-earthworm-reproduction-test-eisenia-fetida-eisenia-andrei_9789264264496-en
https://www.oecd-ilibrary.org/environment/test-no-222-earthworm-reproduction-test-eisenia-fetida-eisenia-andrei_9789264264496-en
https://www.iso.org/standard/53528.html?browse=tc
https://www.iso.org/standard/53528.html?browse=tc
https://www.iso.org/standard/53528.html?browse=tc

Soil bioassays — consumers - invertebrates

Enchytraeids

Enchytraeus albidus or Enchytraeus crypticus
28 d; 20-30 g soil; 50-60% water holding capacity
artificial soil or LUFA 2.2 or other

OECD Test No. 220: Enchytraeid Reproduction Test 2016

ISO ISO 16387:2014 Soil quality — Effects of contaminants on Enchytraeidae (Enchytraeus sp.) — Determination of effects on reproduction 50
N
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Soil bioassays — consumers - invertebrates

Enchytraeids

@)

OECD Test No. 220: Enchytraeid Reproduction Test 2016

ISO ISO 16387:2014 Soil quality — Effects of contaminants on Enchytraeidae (Enchytraeus sp.) — Determination of effects on reproduction 51
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Soil bioassays — consumers - invertebrates

Enchytraeids

Test ekotoxicity s roupicemi
Enchytraeus crypticus

QECD (2004): Guideline for testing of Chemicals No. 220.
Enchytraeidae reproducton test.

1SO 16387 (2004): Soil quality
- Effects of pollutants on Enchytraeidae
- Determination of effects on reproducton and survival.

@/l

OECD  Test No. 220: Enchytraeid Reproduction Test 2016

AT
j L0 ) 1SO 16387:2014 Soil quality — Effects of contaminants on Enchytraeidae (Enchytraeus sp.) — Determination of effects on reproduction 52
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Soil bioassays — consumers - invertebrates

Springtails

Folsomia candida partenogenetic collembola or Folsomia fimetaria
28 d; 20-30 g soil; 50-60% water holding capacity
= artificial soil or LUFA 2.2 or other

@/l . , e 2016
OECD Test No. 232: Collembolan Reproduction Test in Soil

ISO 11267:2014  Soil quality — Inhibition of reproduction of Collembola (Folsomia candida) by soil contaminants 53
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Soil bioassays — consumers - invertebrates

L

Springtails

@» : ; i i 2016
OECD Test No. 232: Collembolan Reproduction Test in Soil

ISO ISO 11267:2014  Soil quality — Inhibition of reproduction of Collembola (Folsomia candida) by soil contaminants 54
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Soil bioassays — consumers - invertebrates

Springtails

Test ekotoxicity s chvostoskoky

Folsomia candida

ISO 11267:1999

@/l . , N 2016
OECD Test No. 232: Collembolan Reproduction Test in Soil

AT
ISO 11267:2014  Soil quality — Inhibition of reproduction of Collembola (Folsomia candida) by soil contaminants 55
N
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Soil bioassays — consumers - invertebrates

Avoidance tests

= with earthworms or springtails

= very quick (1-2 days) - screening

ISO 17512-1:2008

 £00] 1SO 17512-2:2011

e

Soil quality — Avoidance test for determining the quality of soils and effects of chemicals on behaviour — Part 1: Test with earthworms (Eisenia fetida and E. andrei)
Soil quality — Avoidance test for determining the quality of soils and effects of chemicals on behaviour — Part 2: Test with collembolans (Folsomia candida)

56
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Soil bioassays — consumers - invertebrates

Hypoaspis
Mites aculeifer

0.2 mm

cont. soil

@t}{;
OEC’S Test No. 226: Predatory mite (Hypoaspis (Geolaelaps) aculeifer) reproduction test in soil 2016

1ISO 21285:2019 Soil quality — Inhibition of reproduction of the soil mite (Hypoaspis aculeifer) by soil contaminants
1ISO 23266:2020 Soil quality — Test for measuring the inhibition of reproduction in oribatid mites (Oppia nitens) exposed to contaminants in soil

57
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Soil bioassays — consumers - invertebrates

Wmd, 755 - ‘_-’.*."l l l* Atmospheric pollution
i N et o=
S n a I Is £ . ™ Dust particles i
l Rain l 2y on R
leaf surfaces A
Dust 1 . Fes . &%Cﬁ:
. l | 3"--'. b }" ._ e
men Surface water | J.E

3 '.."

- Root uptake __

oy -

4 - Pedo-geochemical
=z background

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

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.
(e) BCS specific breeding cages for snails

Fig. 6. Possible routes of direct and indirect exposure of land snails to contaminants: (a) contamination by breathing air; (b) con-
tamination at soil surface by eating plants, soil contact, breathing air, rain and surface water contact; (¢) contamination in the soil by
swallowing seil particles, soil contact and interstitial air and pore water.

a, c: Front view

0,09 m? 5 snails 0,13 m? 5 snails
1,6 dm? 3,2 dm?
(b) = (d) —

7

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)
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ISO 15952:2018 Soil quality — Effects of pollutants on juvenile land snails (Helicidae) — Determination of the effects on growth by soil contamination
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Soil bioassays — consumers - invertebrates

Nematodes e Adul

>

.l nr —

" -
. i i young adult
= inf ic organisms — pore water | .
act aquatic orga s. S — pore wate | o/ ..
= very fast tests - short life cycle - screening -

= the most abundant solil invertebrates

L4 larva

o

embryonic

........ ' development ¥
several months

\ 14 hr
8 hr ‘ Dauer larva A7
e .

13 hr

__ L3larva

Predauer (L2d)

crowding flow food _
8hr A -

AN L1 larva
1

L2larva 2hr
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Soil bioassays — consumers - invertebrates

1.5 ML TEST SCLUTICN 2.333G 301
Nematodes « ¥
ign ) 35MM DISH DAY 1
= Caenorhabditis elegans —
= grown on agar plates with E. coli B T
v
' ' ' !
= aseptic techniques and careful handling needed ! e -
= 24-48 h exposure
; (20-C FOR 24 HR}
\ 4
(\ RINSE WITH LUDOX &
TEST EKOTOXICITY S HLISTICI W oY
Caenorhabditis elegans @
| _ -
! COUNT WORMS
CENTRIFUGE 2500 RPM, 2 MIN.
:1u|| ' ASTM E 2172 - 01 Standard Guide for Conducting Laboratory Soil Toxicity Tests with the Nematode Caenorhabditis elegans
ﬁgﬂ*b ISO 10872:2020 Water and soil quality — Determination of the toxic effect of sediment and soil samples on growth, fertility and reproduction of 60
IW Caenorhabditis elegans (Nematoda)



https://www.iso.org/standard/71352.html

Soil bioassays — consumers - invertebrates

Beneficial arthropods
= testing of pesticides
= natural enemies of pests

MUNT RECETOX T —



Soil bioassays — destruents — microorganisms

Whole community testing for microbial activities

= real uncontaminated agricultural soil with indigenous microflora of desired properties:
o sand>70%; TOC = 1.5%; pH(KCI) =7-7.5
o microbial biomass 400-700 ug C . g4, "; basal respiration 0.5-0.7 ug CO,-C . h''. g4,

@” Test No. 216: Soil Microorganisms: Nitrogen Transformation Test 2000
OD Test No. 217: Soil Microorganisms: Carbon Transformation Test 2000

ISO 14238:2012 Soil quality — Biological methods — Determination of nitrogen mineralization and nitrification in soils and the influence of chemicals on these processes 62
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Soil bioassays — destruents — microorganisms

Whole community testing for microbial activities

10 g per replicate
aerobic conditions
60% WHC; 22°C; dark

Soil sampling

Storage Substance
application 7th day
\ 4
Pre-incubation 14th day
[ (7 days) ] Microbial
: parameters
Negative OECD, ISO:
control 21st day respiration and N-
mineralization
\ 4
START 28th day respiration by:
Positive 1SO 16072:2002 Soil quglity_— L?bc.)rat(t))rylme_tlhods _for_
control etermination of microbial soil respiration
@” Test No. 216: Soil Microorganisms: Nitrogen Transformation Test 2000
OECD Test No. 217: Soil Microorganisms: Carbon Transformation Test 2000

ISO 14238:2012 Soil quality — Biological methods — Determination of nitrogen mineralization and nitrification in soils and the influence of chemicals on these processes 63
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Soil bioassays — destruents — microorganisms

Whole microbial community testing

Sail sample
60% WHC; 2 mm sieved

= same design of exposure as in OECD 216, 217 s

= also other parameters can be measured !!! {egar  ©@8
EZK;O, biomq-ss:

biomass

enzyme
activity

diversity
e structural
* genetic
« functional

denitrification

ISO 14240-1:1997

ISO 14240-2:1997

ISO 23753-1:2019

ISO 23753-2:2019

ISO/TS 29843-1:2010

ISO/TS 29843-2:2011

ISO 11063:2020

ISO 17601:2016

ISO 20130:2018

ISO/TS 20131-1:2018

ISO/TS 20131-2:2018

Soil quality — Determination of soil microbial biomass — Part 1: Substrate-induced respiration method
ANALYSES: E minus NF.
Soil quality — Determination of soil microbial biomass — Part 2: Fumigation-extraction method o
Soil quality — Determination of dehydrogenases activity in soils — Part 1: Method using triphenyltetrazolium chloride (TTC)

Soil quality — Determination of dehydrogenases activity in soils — Part 2: Method using iodotetrazolium chloride (INT)

extraction in
0.5M K30,

A4

ANALYSES
Cn

Soil quality — Determination of soil microbial diversity — Part 1: Method by phospholipid fatty acid analysis (PLFA) and phospholipid ether lipids (PLEL)

analysis

Soil quality — Determination of soil microbial diversity — Part 2: Method by phospholipid fatty acid analysis (PLFA) using the simple PLFA extraction

method

Soil quality — Direct extraction of soil DNA
Soil quality — Estimation of abundance of selected microbial gene sequences by quantitative PCR from DNA directly extracted from soil

Soil quality — Measurement of enzyme activity patterns in soil samples using colorimetric substrates in micro-well plates

Soil quality — Easy laboratory assessments of soil denitrification, a process source of N20 emissions — Part 1: Soil denitrifying enzymes activities

Soil quality — Easy laboratory assessments of soil denitrification, a process source of N20 emissions — Part 2: Assessment of the capacity of soils to

reduce N20

YNl RECETOX
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https://www.iso.org/standard/23951.html?browse=tc
https://www.iso.org/standard/23951.html?browse=tc
https://www.iso.org/standard/70145.html?browse=tc
https://www.iso.org/standard/70145.html?browse=tc
https://www.iso.org/standard/70145.html?browse=tc
https://www.iso.org/standard/70146.html?browse=tc
https://www.iso.org/standard/70146.html?browse=tc
https://www.iso.org/standard/70146.html?browse=tc
https://www.iso.org/standard/45703.html?browse=tc
https://www.iso.org/standard/45703.html?browse=tc
https://www.iso.org/standard/45703.html?browse=tc
https://www.iso.org/standard/54070.html?browse=tc
https://www.iso.org/standard/54070.html?browse=tc
https://www.iso.org/standard/54070.html?browse=tc
https://www.iso.org/standard/75810.html?browse=tc
https://www.iso.org/standard/60106.html?browse=tc
https://www.iso.org/standard/67074.html?browse=tc
https://www.iso.org/standard/67075.html?browse=tc
https://www.iso.org/standard/67075.html?browse=tc
https://www.iso.org/standard/67075.html?browse=tc
https://www.iso.org/standard/67076.html?browse=tc
https://www.iso.org/standard/67076.html?browse=tc
https://www.iso.org/standard/67076.html?browse=tc

Soil bioassays — destruents — microorganisms

Whole community testing for microbial activities — quick tests

Potential ammonium oxidation

Respiration curves

they indicate the growth of microbial community

= ammonification, first step of nitrification

3 h oxidation of ammonium sulfate

sodium chlorate added — stops nitrite oxidation to nitrate
nitrite measured by colorimetric test

g CO,/0,%g " "h™

respirometry — increase of CO, or decrease of O,

-~ unpolluted soil (1)
~—— polluted soil (2}

t t t 1
0 50 100 150 200
time [h]

o SO 15685:2012 Soil quality — Determination of potential nitrification and inhibition of nitrification — Rapid test by ammonium oxidation
| ISO 17155:2012 Soil quality — Determination of abundance and activity of soil microflora using respiration curves
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https://www.iso.org/standard/53530.html?browse=tc
https://www.iso.org/standard/53529.html?browse=tc

Soil bioassays — destruents — microorganisms

Arthrobacter globiformis test
» introduced bacteria species NOT whole community

= contaminated soil or other solid materials (waste) or soill
spiked with tested chemical(s)

= A. globiformis added and dehydrogenase activity
measured

/CE/\/\\

Ibl ﬁb oblast

o/mn cho dﬂa\ <

resazurin (no fluo
Aabs=604 nm

NADH/
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a0 500
‘Wavelength (nm)
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AN NN

P g e

NAD /H:0  Aabs/Aem= 571/585 nm
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550 600 ©
Wavelength (nm)

ISO 18187:2016

Soil quality — Contact test for solid samples using the dehydrogenase activity of Arthrobacter globiformis
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https://www.iso.org/standard/61723.html?browse=tc
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Terrestrial species bioassays - examples



Terrestrial species bioassays - polinators

= bees or bumblebees
= brood development of cells (eggs or larvae)
= acute oral or contact tests, prolonged-chronic tests — mortality, behavior

= semi-field tests [tunnel tests (~100 m?)] and field tests - mortality, flight
density, development of bee colonies (brood and feed), behavior of bee
colonies

» residue analysis studies in relevant feed matrices




Terrestrial species bioassays - polinators

Acute oral test

= adult worker honey bees

= doses of test substance in sugar solution (100-200 pl, 50% sugar solution)

= after consuming food (3-4 hours), the feeding device is removed

= mortality is recorded daily for at least 48 h

Acute contact test

= test substance dissolved in a suitable vehicle

= applied directly to anesthetized bees — 1 ul droplets to back area of each bee chest
= control for carrier necessary

Test No. 213: Honeybees, Acute Oral Toxicity Test
Test No. 214: Honeybees, Acute Contact Toxicity Test
y / Test No. 245: Honey Bee (Apis Mellifera L.), Chronic Oral Toxicity Test (10-Day Feeding)
OECD Test No. 246: Bumblebee, Acute Contact Toxicity Test
Test No. 247: Bumblebee, Acute Oral Toxicity Test

1998
1998
2017
2017
2017
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https://www.oecd-ilibrary.org/environment/test-no-213-honeybees-acute-oral-toxicity-test_9789264070165-en
https://www.oecd-ilibrary.org/environment/test-no-214-honeybees-acute-contact-toxicity-test_9789264070189-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-245-honey-bee-apis-mellifera-l-chronic-oral-toxicity-test-10-day-feeding_9789264284081-en
https://www.oecd-ilibrary.org/environment/test-no-246-bumblebee-acute-contact-toxicity-test_9789264284104-en
https://www.oecd-ilibrary.org/environment/test-no-247-bumblebee-acute-oral-toxicity-test_9789264284128-en
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Terrestrial species bioassays

Birds

= dietary toxicity tests

= dietary dosage + 14 days of observation
= reproduction tests - long-term

Feral pigeon Malard duck

@ Test No. 223: Avian Acute Oral Toxicity Test 2016 70
OECD Test No. 205: Avian Dietary Toxicity Test 1984



https://www.oecd-ilibrary.org/environment/test-no-223-avian-acute-oral-toxicity-test_9789264264519-en
https://www.oecd-ilibrary.org/environment/test-no-205-avian-dietary-toxicity-test_9789264070004-en
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html

Terrestrial species

bioassays

Birds
= 20 weeks of feeding by contaminated feed
= reproduction + 14 days observation of juveniles

Table 4.9 Summary for Conducting Reproductive Studies with Avian Species

Test type

Avian reproduction

Organisms

Age of organism
Feading

Experimental design
Test chamber type and size

Test concentration

Mumber of test groups

Mumber of organisms

per chamber

Exposure to test substance
Clinical examinations

Ring-necked pheasant (Phasianus colchicus), bobwhite
(Colinus virginianus), Japanese quail {Coturnix japonica),
chicken { Tympanuchus cupida), mallard (Anas platyrhynchos),
black duck (Anas rubripes), screech owl (Olus asio), American
kestrel, ring dove {Streptopelia risora), gray partridge, crowned
guinea-fowl

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

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

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

(1) At least cne concentration must produce an effect

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

(1000 ppm)

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

highest measured or expected field concentration

A minimum of 16 pens per test concaentration and control group

should be used

Pairs or groups containing no mare than one male

Mix test substance directly into feed

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

Physical and chemical parameters

Temperature

Hurmidity
Light quality

Light intensity
Phetoperiod

Endpaint

About 21*C for adults.

For hatchlings, the amount and duration of heat is species
specified. A temperature gradient should be established from
an appropriate heat source and range down 1o about 21°C

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

Should emit a spectrum simulating daylight

65 lux (6 fc)

For adults:

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

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

Repraduction

AL
@” Test No. 206: Avian Reproduction Test
OECD

1984 71



https://www.oecd-ilibrary.org/environment/test-no-206-avian-reproduction-test_9789264070028-en
http://www.oecd.org/home/0,3675,en_2649_201185_1_1_1_1_1,00.html
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In vitro bioassays



In vitro tests

= special cell lines

= specific compound = specific cellular or intracellular reporter =» reporter
gene

= dioxin-like toxicity (AhR), estrogenicity (ER), thyroid-hormone-like toxicity ...

ISO 19040-1:2018  Water quality — Determination of the estrogenic potential of water and waste
water — Part 1: Yeast estrogen screen (Saccharomyces cerevisiae)

ISO 19040-2:2018  Water quality — Determination of the estrogenic potential of water and waste
water — Part 2: Yeast estrogen screen (A-YES, Arxula adeninivorans)

ISO 19040-3:2018  Water quality — Determination of the estrogenic potential of water and waste
water — Part 3: In vitro human cell-based reporter gene assay

ISO 21427-1:2006  Water quality — Evaluation of genotoxicity by measurement of the induction of
micronuclei — Part 1: Evaluation of genotoxicity using amphibian larvae

ISO 21427- Water quality — Evaluation of genotoxicity by measurement of the induction of

2:2006/Cor 1:2009  micronuclei — Part 2: Mixed population method using the cell line V79 —
Technical Corrigendum 1

ISO/CD 24295 Water quality — Determination of the dioxin-like potential of water and

wastewater — Method using in vitro mammalian cell-based reporter gene

assay



https://www.iso.org/standard/64450.html
https://www.iso.org/standard/64450.html
https://www.iso.org/standard/64450.html
https://www.iso.org/standard/64451.html
https://www.iso.org/standard/64451.html
https://www.iso.org/standard/64451.html
https://www.iso.org/standard/66297.html
https://www.iso.org/standard/66297.html
https://www.iso.org/standard/66297.html
https://www.iso.org/standard/39680.html
https://www.iso.org/standard/39680.html
https://www.iso.org/standard/39680.html
https://www.iso.org/standard/54062.html
https://www.iso.org/standard/54062.html
https://www.iso.org/standard/54062.html
https://www.iso.org/standard/78351.html

In vitro tests

= in vitro special cell lines: mammalian or fish

= specific compound = specific cellular or intracellular receptor = reporter
gene conected with luciferase = light

= dioxin-like toxicity (AhR), estrogenicity (ER), androgenicity (AR), thyroid-
hormone-like toxicity (RAR) ...
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Microcosms / mesocosms

= micro <1 m3, meso>1m3
= usually multi-species — big benefit

Aguatic microcosms

=  optimum: less uncontrolled than field but more realistic than lab tests

= considers also indirect effects
= enable also environmental fate endpoints
= many possible desings

MUNI RECETOX

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

Sediment core mIicrocosm
Ecocore microcosm

Ecocore |l 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

Microcosm Tests

Figure 1 _Mic:rocosm fests can be defined b
Importantly, thare are more specie

may also provide more realism

y_bow they differ from single-species tests. Most

tant . s. This usually also means more level i i
organization {population ang community effects) and more toxi oy o

and aflow longer exposures.

city endpoints. They




Microcosms / mesocosms

= Water: large aquariums, tanks, ponds, or

artificial stream ecosystems

MUNI RECETOX

Distilled
water

Chitin
cellulose

Fig. 5.2 Components of a standardized aguatic microcosm.

Salt
vitamins

Silica
sand

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
Endpeint

Algae (added on day 0 at initial concentration of
10% cells for each algae species):
Anabaena cylindrica,
Ankisfrodesmus sp.,
Chiamydomonas reinhardi 90,
Chiorella vulgaris,
Lyngbya sp.,
Nitzschia kutzigiana (Diatom 218),
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 (3.8-1) 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

8

4

Once per week add one drop (ca 0.05 ml) to
each microcosm from a mix of the ten species;
5 % 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 m2 photosynthetically active radiation
57! (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.



Microcosms / mesocosms

= Water: large aquariums, tanks, ponds, or
artificial stream ecosystems

Figure 7. Flow-through exposure chamber for flow-through tests with
polychaetes. The exposure chamber is 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 (c) 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. Waler 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: Nercidae) in the laboratory. Environmental
Toxicology and Chemistry 10(6):805-815. Copyright 1991, SETAC.)

Potted Macrophytes

Figure 4.2

N4

N

e

1 Collector
e for Emergent
Insects

™ Periphyton

Sampler
i 2 75
s o o
o O o 0 SN G o Eaoo:
T S e
oS00 S eaddhddtahanandhas et
Sediment

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.

Figure 6. Photograph of outdoer microcosm test systems (10,000-L tanks) located at the University of Kansas. These fiber-
glass tanks have been used by Springborn Laboratories, Wareham, MA. to evaluate the impact of pesticides on aquatic

communities.
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Microcosms / mesocosms

= Soil: usually core/column (made of plastic, wood, metal) of soil with
vegetation, contains standard soil or real soil; can be outside (open system)
or in the climate chamber (also gas monitoring)

Table 9.1 Classification of Various Semi-Field Tests 2. Ecosystem segments in the field (= “mesocosms’)
Field segments which remain exposed to normal environmental

1. Model ecosystemn segments (= “microcosms’)

- - - . 0 . y y ot 1 . '- u r -il
Narural or artificially assembled units; a few centimeters i size — conditions, various sizes ranging between I m? and several

hundred ms.

up to approx. I wm' (contents up to a few hundred liters); closed and

open systems are both possible. ___ Specialized techniques:  Partial enclosurcs in lakes or rivers, e.g. plastic
Specialized technigues:  ¢.g. the plant metabolism box of the NATEC bags with algae coenoses (EIDE et al., 1979).
(FIGGE, 1592) or small “artificial strcams” Lysimeter {usually about ! m3 in size), e.g. tests
(CLEMENTS ct al., 1989), on the mobility of pesticides in natural soil cores
Integrated techniques: ¢.g. the Terrestrial Model Ecosystem (TME} (e.2. BBA, 19902).
(VAN VORIS et al., 1984: KNACKER et al. Semi-field tests (usually tests with beneticial
1990, 1991) or the Standardized Aqualic organising), €.g. etlects of pesticides on ground
Microcosi (SAM) (TAUB et al., 1986: EPA, beetles (carabids} in cultivated soil system
1987). segments (ABEL & HEIMBACH, 1992).
Integrated techniques Artificial testing systems, ¢.g. “artificial streams”
{very rarcly in the — reconstructions ol real streams including
terrestrial medium): scdiment (EATON et al., 1985).

Natural enclosurcs, ¢.g. “Bremerhaven-Caissons”

Il U NI RE c ET 0 X in wadden scas (FARKE et al., 1984).




Microcosms / mesocosms

= Soil core microcosm

Irtact 5ol com

Plaghc Bleeve
[nsulatisn —1

Corer

Plastlc slegvs Intact soil core
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Microcosms / mesocosms

= Soil core microcosm

MUNI RECETOX

Table 416 Summary of Test Conditions for Conducting A Terrestrial Soil-Core

Microcosm Test

Test type

Multispecies toxicity test

Organisms

Experimental design
Microcosm size and type

Soil volume

Number of replicates

NMumber of concentrations
Leaching

Test duration

Physical and chemical parameters
Temperature

Lighting
Watering

Endpoint

Varies; dependent on site being tested

60-cm-deep by 17-cm-diameter plastic pipe
made of ultra-high molecular weight, high-
density, and nonplasticized polyethylene and
contains an intact soil core covered by
homogenized topsoil; tube sits on a Buchner
funnel covered by a thin layer of glass wool

40 cm intact soil core;
20 cm homogenized topsoil

Each cart holds 6-8 microcosms; place
microcosms paired for analyses in different carts
to ensure that all microcosms are housed under
similar conditions.

3

At least once before dosing and once every 2
or 3 weeks after dosing

12 or more weeks

Based on season of region being tested,;
insulated cart is used to prevent drastic
temperature changes

Based on season of region being tested

Determined on the basis of site history; use
either purified laboratory water or rainwater that
has been collected, filtered, and stored in a
cooler at 4°C

Many
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