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Wrhzt s soil?

Soil Taxonomy, second edition.

« Soll is a natural body comprised of solids (minerals and
organic matter), liquid, and gases that occurs on the land
surface, occupies space, and is characterized by one or
both of the following: horizons, or layers, that are
distinguishable from the initial material as a result of
additions, losses, transfers, and transformations of
energy and matter or the ability to support rooted plants
In a natural environment.
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Wny soil does rnziier?

e Important part of nature

* non-renewable source

* non-replaceable functions of ter. ecosystems
* Dbase for plant growth

* nutrient storage - fertility — production

« start and end of food chains

* Dbiogeochemical cycles

« decomposition of organic matter, humification
 filtration, immobilization and degradation of pollutants
« water cycling

e Dbiodiversity treasure
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WE MUST PROTECT SOIL QUALITY
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bacteria
protozoa
fungi

algae
nematoda
rotifera
annelida
arthropodes
collembola
mollusca

biota is important for
 formation of soll, for soil structure

« soll fertility

« organic residues decomposition, release nutrients
 element cycles o
e air and water regime
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Soll olor
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FIGURE 3. Mean composition of the soil fauna in a forest, meadow, and arable
soil {mean numbers per dm? for the 0- to 30-cm layer; + means
present). (From Eljsackers, H. and Van de Bund, C.F., in Interactions
Between Herbicides and the Soil, Hance, R.J., Ed., Academic Press,
London, 180, 255. With permission.)
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FIGURE 4. Schematic survey of the soil fauna community. Squares indicate hab-

itat size and relevant sampling area. Species are arranged according
to teeding type. Important species are drawn at scale. (From Eijsack-
ers, H. and Van de Bund, C.F., in Interactions Between Herbicides
and the Soil, Hance, R.J., Ed., Academic Press, London, 1980, 255.
With permission.)
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Science 11 June 2004:
Vol. 304. no. 5677,
pp. 1616 - 1618

Soil and Trouble

WHEN PEOPLE INTENSIVELY TILL FIELDS
and clear-cut forests, they can damage or de-
stroy topsail that took centuries to accuma -

late. Just how vulnerable soils are depends on

underlying conditions. Mismanaged soils in
windswept lands can easily turn Into desert,
for example, and saline soils can become
salt-encrusted wastelands

This map shows the main barriers to pro-
ductive farming, along with erosion risk, de-
rived from climatic and sof conditions, Over:
laid & cross-hatching are regions reported to
be highly or very highly degraded accerding to
& global survey of soil experts published in
1990. The hot spots lllustrate examples of the
worst soll degradation, from the most com-
mon physical type—water erosian—ta chemi-
cal forms, such as that caused by pollution
from industrial chemicals and war.

An interactive version of this map appears
online st www.sciencemag.org/cgi/content/
summary/304/5677/1614.
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defines main threats for soils (sealing, erosion, compaction,
salinisation, OM loss, contamination ...)

* 3,5 mil. contaminated sites in EU
* 0.5 mil. are seriously contaminated and need remediation

 Costs related to contaminated sites in EU: 2-17 bil. €
(Impact assessment (SEC/2006/620))




Soll orotsciior

* we must protect soll quality
— policy
— legislation
— science and education

 European Commission (2006a): Communication from the commission to the council,
the european parliament, the european economic and social committee and the
committee of the regions. Thematic strategy for soil protection. COM(2006)231.

 European Commission (2006b): Proposal for a directive of the European Parliament
and of the Council establishing a framework for the protection of soil and amending
Directive 2004/35/EC. COM (2006) 232.
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Coritzrninzaiion of soil

)

Others

Miltary g8.29,
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Transport spills on land
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Power plants
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Hydrocarbons (PAH)
13.3%
Mineral oil
33.7% .
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Soil gcotoicoloc)y

FOCUS:

* soil as environmental compartment
* soil organisms

e exposure in solid medium
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toxicology

soil
environ.
chemistry

THE ENVIRONMENT (SOIL), WHERE RELATIONSHIP BETWEEN
ORGANISM AND THE CHEMICAL EXISTS, MUST BE STUDIED TOO !
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Role of soil gcoioxicalocgy in soil oroiactjior

FOCUS: Investigate relationships between soll
organisms and contaminants

ROLE: Scientific basis of soil protection

Activities:
Provide tools - bioassays for routine Research of:
praxis: — Fate and bioavailability
- Chemical and pesticides testing — Mixture toxicity
- Testing wastes, sludge, — Biodiversity ...

contaminated sites
- Soil quality assessment
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Soll environment is vary difierent frormn sejuziije

Very different from aquatic ecotoxicology

Solid matrices are heterogenous

Soil contains all three phases SOLID, LIQUID (pore water) and
GAS (soll air)

Solid phase especially influences strongly FATE and
BEHAVIOUR of chemicals

Depending on soil and chemical properties and depending on
TIME, chemical is DISTRIBUTED in soil, chemical SPECIATION
OoCCcurs

SORPTION is the crucial process and leads to changes of
BIOAVAILABILITY — the key factor of soil ecotoxicology

All this changes final TOXICITY and RISKS
All this hampers EXTRAPOLATION possibilities
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EXOOSUTENNISOINTIEX

v CHEMICAL in'soil ‘
spatially.
distributed;
chemical'speciation

CHEMICAL
entry

ORGANISM

Chemicaliinforganism
Metabolism, elimination;
effects



1ry te

I'mm —

100 um _

10 um —

lum |

100 nm _|

10 nm _

I1nm L

Bacteria
1-2 um

Clay particle or humic acid
— 2-0.2 um s

Organic pollutant

1 nm
Anorganic pollutant

O.lepm _

49

&
G &
%, o Yzf

ZANA D

- Unn

_Olnm

s§ ((‘3)




Wny to gainer Wit olozvailzoili
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Fig. 1. Cumulative mortality (mean of three replicates, £ 95% CI) of Eisenia andrei exposed to 2,000 mg

Phb/kg spiked soils for 28 days.
From ﬁyadhamlet al.. §2003)
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Faciors sfigciine olozvailzoility

* Soil properties

— Soil composition, organic matter, texture, pH, CEC, moisture, temperature,
structure - pores .

- - composed primarily
. emical properties
ganic material in
various stages of de-
composion

— Chemical structure, Kow, Sw, Koc, pKa, MW, H, pv el

Composed of various
proportions of miner-
- - al materials and or-
« Organisms properties Gani componerte
decomposed beyond

recogaition

E Horizon

— physiology (uptake, metabolism, elimination), morphology, ecology .

leaching and charac-
terized by a gray or

 Time effects |
— Aging, sequestration zon

« Other chemlcals (napf. NAPL) and interactions K

‘ 4 /A .v.m“*\

with minerals, €.9
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clay, organic materi-
als, or carbonales,
leached from the A
or E horizons.
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Wy to ooiner with olozvailzioility 7

« For correct risk assessment:
— Soil animals (individuals, communities)
— Organisms eating soll (e.g. children)
— Plants
« Prediction of biodegradation and remediation efficiencies
« Legislative framework
— Not the total concentrations for limits!
« Extrapolation possibilities:
— Between different solls
— From aquatic to soll tests
— From lab experiments to field situation
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Indirect measures Direct
(surrogate) measures

Chemical Feta-ehemieat @ >

measures Solvent extractions

solid-phase extrachions

Correlation
Biomimetic Sampling _Calibration
Devices -
membrane

Big|ggiga| Toxicity tests¥  Bioaccumulation
&
measures Biomarkers Critical Body Residues

(CBR)

Fig. 1. Methods For measuring bioavailabality.
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Aovorozenes of soil gcoigicolocy

Goal

Define and describe
relationship between
biota conditions and
contamination

Goal

Define safe
concentration, describe
risks

Response

Dose



http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg

Sloinciczition in soll gcotoxicolocy

Microbes

Doelman, P. and Eijsackers, H.J.P.
(2004): Vital Soil - Function, Value and
Properties. Elsevier. 358 p. ISBN: 0-
444-51772-3.
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Soil ecosysbem parameler

Microbial indicator

Function C-eyeling

Soil respiration

Metabolic quotient (gC0:
Decomposition tqur};anic matler
Seil enzyme activity

M-cycling

M-mineralization
Mitrification
Denitrification
M-fixaton

Geeral activities

Hacterial DNA synthesis

BNA measurements

Bacterial protein synthesis
Communily growth physiology

Root-activity

My ooeehiva

Biodiversity General biomass

Microbial biomass: direct methody
Micrabinl bicmass; Indirect methods
Microbial quotient

Fungi

Fungi-bacteria ratio

Protozoa

Biodiversity

Structural diversity
Functional diversity

Marker lipids
Suppressiveness to pathopens

Bimvnilnhilitjr of
contaminants

Blosensor bacteria

Masmid-containing bacteria

Biomarker specles

Incidence and expression of catabulic genes
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s0il gcotoxicolocy

Invertebrates
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«eDQelman P. and Eijsackers, H.J.P.

¢): Vital Soil - Function, Value and
erties. Elsevier. 358 p. ISBN: 0-
"°°°444 51772-3.

aotheen,
»

movement paktern

landscapes

Indicator system Principle Application Reference
Mematode maturity Nematodes classified | Can be applied toall Bongers (1990),
index on a “colonizer” - soils; measures Yeates and Bongers
“persister” scale genetal responae to (1999)
stress (metals,
acidification,
...... | eutrophication)
Predatory rnlt-e Mesostigmatid mites Mostly limited to Ruf (1998)
maturity index classified according to | forest soils; measures
an r-K score soil properties related
to mullmor humus
Earthwcn'n Ilt‘e-histaqr “Earthworms classified | Can be applied toall | Bouché (1977),
strategies eccording ko position | soils with sufficient Paoletti (199%a)
in the soil profile and | number of specles;
burrowing behaviour | measures aspects of
humus type, pH and
cultivation
| SUSSSS E— (ploughing)
REAL model for Integrated data base of | Very wide application | Bouché (1996}
earthworms various aspects related
to the ecological and
agronomical role of
. 1 earthworms
Enchytragid Scores related to Applicable to Graefe {1993),
Reaktionzahl ~ | responses o acidity situations where Beylich et al, (1995)
and humidity effects on soil pH are
assigned to manifested, for
enchytracids example cement
factories
SIVPACS Pollution responses of | Data base on species- | Spurgeon et al.
carthworms, isopods | Specific responsesnot | (1904)
and spiders, yet operational; at the
comparable to moment only applied
RIVPACS to heavy metal
pollution
“Woodlice fife-forms Classification of Composition of isopod | Pacletti and Hassell
woodlice according to | fauna indicates effects | (1999)
body shape and of soil culttvation in
agricultural
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s0il gcoioicalocy

Invertebrates
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M.Qoelman P. and Eijsackers, H.J.P.

D4): Vital Soil - Function, Value and
( perties. Elsevier. 358 p. ISBN: 0-
o df4-51772-3.

Indicator system Principle Application Reference
Macro invertebrate Enumeration of Applied in orchards Paoletti and
biodiversity species richness of and other agricultural | Somsaggio (1996),
earthworms, beeties, ecosystems to indicate | Paocletti (19995)
isopods, spiders, ants, | land use and copper
millipedes, pollution
centipedes, ete. o
Ant functional groups | Classification of ants Wide applicaton; Andersen (1995)
according to groups used in evaluation of
reflecting nature restoration and
o susceptibility to stress | effectsof mining [
Diptera feeding Classification of Reflects type of Frouz (1999)
groups dipteran larvae in five | organic materialsin
feeding groups sail; applicable o
_organic soils
Arthropod acidity Classification of Allows quantitative Van Straalen and
index arthropods (Collem- estimation of soil pH Verhoef (1997,

bola, orlbatids, from invertebrate Van Steaalen (1998)
isupods) according to | community structure
pH preference L .
Oritatid mite life- Classification of mites | Indicatesintensity of | Siepel (1994), Sigpel
history strategies according o anthropogenic (1996)
reproductive and influence and
dispersal strategies successional stage of
forests and grassland
FrosyStEms -
Life-forms af | Classification of | Indicates profile Van Straalen et al,
Collembola | Coltembola according | build-up and (1985), Faber (1991)
% o morphalogical ecological processes
| types reflecting | stratified according to
position in the soil | the profily; mostly
profile | applicable to forest
! soils
Dominance Lognormal General impresamn of | Magvar (1994)
distribution of micro | distribution of disturbance; applied
arthropods numbers over species | to effects of heavy
metals and acid rain
in forest and
_grassland soils

Biclogical Index of
Soil Quality (BSQ)

System of scores
assipred to groups of
soil micro arthropods

Provides indication of
biodiversity; wide
applicability

Parisi (2001), Gardi
et al. (2002)



Slolncliczition ir 3Jil

and Insectivora)

Poliutant group | Vulnerable animal | Remarks
_BFOUpS I
Polyeylic aromatic | Isopods, Collembola | Little knowledge available. Large inter-species
hydrocarbons, | differences in' metaboliem. Metabolizers
azasrenes and | expected o be more sensitive than
derivates | accumulators.
Persistent Vertebrates (Rodentia Low toxicity to invertebrates, Effects appear
f higher up in the food-chain Earthworms ore

organechlorines
(PCBs, dioxins)

Impm‘tnnl in transfer,

|

Chlorinated ! Earthworms | Toxicity due to general nareotic effects,

ethylenes, i probably small inter-species differences.

phenoles and i i

benzenes | . -

Qil, BTEX Earthworms Toxicity partly due to changes in sl structure,

Alkyl benzene | Enchytraeids, Field data scanty. Laboratory data suggést

sulfonates and nematedes, earthworms | highest wxicity to pore water-dependent

other detergents species, e

Veterinary drugs, | Mo data available Interactions in decomposer-micro-organism

antibbotics, interactions expected, but not documented.

hormones L i

Copper Earthworms, slugs, Copper toxicity to earthworms well

snails, oribatid mites | documented.
Zing .| Enchytraeids, | Toxicity of zine does not follow the main
| nematodes, earthworms, | taxonomic groups of soil invertebrates, Many
' isopods, soft-bodled i groups contain sensitive as well as tolerant
| springtails species,
Cadmiutn Oribatid mites, spiders, Cadmium seems to be most mx.c toy
some springtails, invertebrates that take up the metal with the
vertebrates (shrews, fond, Due to food-chain accumulation effects
mwale) appear in predators and vertebrates,
Lead ! Oribatid mites, shrews, ! Differences between invertebrate species
| moke i relatively smoll. Main hazard of lead is higher
| up it the food chain,

Herbleides Mo group in particular Low toxicity of modern herbicides to animals.
Effects are mmostly secondary {aveidance of
sprayed leaves, loss of food, increase of [itter

i COver),

Fungicides Earthworms, Benzimidazoles, carbamales and organoting

riraeids, lsopods are known for their considerable side-effecls

|. on animals

coioice

colocy

Invertebrates

Doelman, P. and Eijsackers, H.J.P.
(2004): Vital Soil - Function, Value and
Properties. Elsevier. 358 p. ISBN: 0-

444-51772-3.
Pollutant group I Vulnerable animal Remarks
| groups |
Insecticides i Many arthropod groups, | Animals with high surface activity are
‘ in particular beetles, | particularly vulnerable. Large differences
| spiders, mesostigmatid | between species due to species-specific
| mites and springtails i exposures and metsbolic capacities. Many
secondary effects among detritivores due to
! suppression of predators.
Acidie i Snails, dipteran larvae, ‘ Large differences between species within each
precipitation i earthworms, some ; Eroup. Earthworms generally avoid acid soils.
| oribatid mites, some | Many Collembala and mites are acid tolerant,
! Caollembala, some | but some are very alkalophilic and suffer from
i isopods acid precipitation.
Radiation Earthworms, cribatid Specles-specific vulnerability due o exposure,

i mites

rather than inherent differences in sensitivity.
Permanent soil dwellers and soil ingesters
receive high doses.

Note: this table only describes the general trends and ignores the many species-specific sensitivities
related to metabolism, microhabitat choice and lifecycle




Usig of soil 9iozsszys in soil orotacijor)

AR

« Sofar, mostly for assessment of hazard of chemicals and
pesticides

Dose

* Increase of use for evaluation of hazard of complex
mixtures like wastes, sewage sludge, sediments,
composts, fertilizers ...

« Great potential in the future for assessment of soil quality
e.g. Before and after the remediation, contaminated sites
assessment etc.




Wiy olozisseys?

Chemical analyses are not able to identify risks
properly because:

1) Real exposure is different — bioavailability in
particular situation

2) Pollutant mixture - always in real ecosystems

3) Matrix itself has effects or interacts with effects
of contaminants

4) Anylytical methods are limited vs. Wide
spectrum of possibly toxic chemicals
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Chemicals

EU: COMMISSION DIRECTIVE 2001/59/EC of 6 August 2001 adapting to technical progress
for the 28th time Council Directive 67/548/EEC on the approximation of the laws, regulations
and administrative provisions relating to the classification, packaging and labelling of dangerous
substances; Annex V. + REACH!!!

USA: TSCA; OPPTS (The Office of Prevention, Pesticides and Toxic Substances)

OECD: Guidelines for the testing of chemicals
1SO:

Plant protection products

EU: COUNCIL DIRECTIVE 91/414/EEC of 15 July 1991 concerning the placing of plant
protection products on the market; Annex Il.

USA: TSCA - OPPTS (The Office of Prevention, Pesticides and Toxic Substances)
OECD: Guidelines for the testing of chemicals
ISO + EPPO, IOBC, SETAC, BBA

ERS,
SONERSIZ, 5



Blozigsay siarndards - OECD

Test No. 208: Terrestrial Plant Test: Seedling Emergence and Seedling Growth | 2006
Test

Test No. 227: Terrestrial Plant Test: Vegetative Vigour Test 2006
Test No. 207: Earthworm, Acute Toxicity Tests 1984
Test No. 220: Enchytraeid Reproduction Test 2004
Test No. 222: Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei) 2004
Test No. 228: Determination of Developmental Toxicity of a Test Chemical to 2008

Dipteran Dung Flies(Scathophaga stercoraria L. (Scathophagidae), Musca
autumnalis De Geer (Muscidae))

Test No. 232: Collembolan Reproduction Test in Soil 2009

Test No. 226: Predatory mite (Hypoaspis (Geolaelaps) aculeifer) reproduction test | 2008
in soil

Test No. 216: Soil Microorganisms: Nitrogen Transformation Test 2000
Test No. 217: Soil Microorganisms: Carbon Transformation Test 2000
Test No. 317: Bioaccumulation in Terrestrial Oligochaetes 2010
Test No. 304A: Inherent Biodegradability in Soil 1981
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http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html
http://www.oecd.org/document/40/0,3746,en_2649_34377_37051368_1_1_1_1,00.html

Blozssay sizncarels - SO

ISO 10381-6:2009

Soil quality -- Sampling -- Part 6: Guidance on the collection, handling and storage of soil under aerobic
conditions for the assessment of microbiological processes, biomass and diversity in the laboratory

ISO 14240-1:1997

Soil quality -- Determination of soil microbial biomass -- Part 1. Substrate-induced respiration method

ISO 14240-2:1997

Soil quality -- Determination of soil microbial biomass -- Part 2: Fumigation-extraction method

ISO 16072:2002

Soil quality -- Laboratory methods for determination of microbial soil respiration

ISO 17155:2002

Soil quality -- Determination of abundance and activity of soil microflora using respiration curves

ISO 15685:2004

Soil quality -- Determination of potential nitrification and inhibition of nitrification -- Rapid test by ammonium
oxidation

ISO 14238:1997

Soil quality -- Biological methods -- Determination of nitrogen mineralization and nitrification in soils and the
influence of chemicals on these processes

ISO 23753-1:2005

Soil quality -- Determination of dehydrogenase activity in soils -- Part 1. Method using triphenyltetrazolium
chloride (TTC)

ISO 23753-2:2005

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

ISO/DIS 11063

Soil quality -- Method to directly extract DNA from soil samples

ISO/TS 29843-1:2010

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

ISO/PRF TS 29843-2

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

ISO/TS 10832:2009

Soil quality -- Effects of pollutants on mycorrhizal fungi -- Spore germination test

ISO/TS 22939:2010

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

ISO 11266:1994

Soil quality -- Guidance on laboratory testing for biodegradation of organic chemicals in soil under aerobic
conditions

ISO 15473:2002

Soil quality -- Guidance on laboratory testing for biodegradation of organic chemicals in soil under anaerobic
conditions

ISO 14239:1997

Soil quality -- Laboratory incubation systems for measuring the mineralization of organic chemicals in soil
under aerobic conditions
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Blozssay siancarels - S0

ISO 11269-1:1993

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

ISO 11269-2:2005

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

ISO 17126:2005

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

ISO 22030:2005

Soil quality -- Biological methods -- Chronic toxicity in higher plants

ISO/CD 29200

Soil quality -- Assessment of genotoxic effects on higher plants -- Micronucleus test on Vicia faba




Slozigsay siancareds - S0

ISO 11268-1:1993

Soil quality -- Effects of pollutants on earthworms (Eisenia fetida) -- Part 1: Determination of acute toxicity
using artificial soil substrate

ISO 11268-2:1998

Soil quality -- Effects of pollutants on earthworms (Eisenia fetida) -- Part 2: Determination of effects on
reproduction

ISO 11268-3:1999

Soil quality -- Effects of pollutants on earthworms -- Part 3: Guidance on the determination of effects in
field situations

ISO 11267:1999

Soil quality -- Inhibition of reproduction of Collembola (Folsomia candida) by soil pollutants

ISO 16387:2004

Soil quality -- Effects of pollutants on Enchytraeidae (Enchytraeus sp.) -- Determination of effects on
reproduction and survival

ISO 15952:2006

Soil quality -- Effects of pollutants on juvenile land snails (Helicidae) -- Determination of the effects on
growth by soil contamination

ISO 20963:2005

Soil quality -- Effects of pollutants on insect larvae (Oxythyrea funesta) -- Determination of acute toxicity

ISO 17512-1:2008

Soil quality -- Avoidance test for determining the quality of soils and effects of chemicals on behaviour --
Part 1: Test with earthworms (Eisenia fetida and Eisenia andrei)

ISO/DIS 17512-2

Soil quality -- Avoidance test for determining the quality of soils and effects of chemicals on behaviour --
Part 2: Test with collembolans (Folsomia candida)

ISO 23611-1:2006

Soil quality -- Sampling of soil invertebrates -- Part 1: Hand-sorting and formalin extraction of earthworms

ISO 23611-2:2006

Soil quality -- Sampling of soil invertebrates -- Part 2: Sampling and extraction of micro-arthropods
(Collembola and Acarina)

ISO 23611-3:2007

Soil quality -- Sampling of soil invertebrates -- Part 3: Sampling and soil extraction of enchytraeids

ISO 23611-4:2007

Soil quality -- Sampling of soil invertebrates -- Part 4: Sampling, extraction and identification of soil-
inhabiting nematodes

ISO/DIS 23611-5

Soil quality -- Sampling of soil invertebrates -- Part 5: Sampling and extraction of soil macro-invertebrates

ISO/DIS 23611-6

Soil quality -- Sampling of soil invertebrates -- Part 6: Guidance for the design of sampling programmes
with soil invertebrates
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http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/ocspp/pubs/frs/home/draftguidelines.htm
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-2450.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4000.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4025.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4025.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4025.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4025.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4150.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4150.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4150.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4150.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4200.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4200.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4200.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4200.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4225.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4225.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4225.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4225.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4230.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4230.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4230.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4230.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4250.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4250.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4250.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4250.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4300.pdf
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http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4300.pdf
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http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4600.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-4800.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5100.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/850_Ecological_Effects_Test_Guidelines/Drafts/850-5100.pdf
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Solid rnziterizl toxicity tesiine

ISO 15799 (2003): Guidance on the ecotoxicological characterization of soils and soil materials
ISO 17616 (2008): Guidance on the choice and evaluation of bioassays for ecotoxicological
characterization of soils and soil materials
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Slozissays for soil like meirices

Retention function — Biotests with eluates

Ecotoxic / \ Genotoxic

contents contents

Luminescent Algal inhibition test Umu-test
bacteria test

Habitat function - Biotests with solids

Site inherent / \ Added test

test organisms organisms

. S Bacteria contact test Earthworm avoidance test
Respiration test Nitrification test - ] =

Plant test Earthworm test Collembolan test
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B~ “5.|ISO 11268-1 (1997): Soil quality - Effects of pollutants on earthworms
R | (Eisenia fetida). Part 1. Determination of acute toxicity using artificial
.| soil substrate.

o i, |ISO 11269-2 (2004): Soil quality - Determination of the effects of

il | pollutants on soil flora. Part II: Effects of chemicals on the emergence
/\¥ |and growth of higher plants.

- N|IS0 16387 (2004): Soil quality - Effects of pollutants on Enchytraeidae -
"%, | Determination of effects on reproduction and survival.

ISO 11267 (1999): Soil quality - Inhibition of reproduction of Collembola

&> || (Folsomia candida) by soil pollutants

'}»' ISO 11268-2 (1998): Soil Quality - Effects of pollutants on earthworms
WOk | (Elsenia fetida). Part 2: Determination of effects on reproduction

ISO 17512-1 (2008): Soil Quality - Avoidance test for evaluating the
"|quality of soils and the toxicity of chemicals. Test with Earthworms
(Eisenia fetida/andrer).
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EX00sUre rnginocls

* Tested chemical mixed with soill
— Artificial soil (OECD, ISO)
— Real soil (LUFA 2.2 ...)

* Topic applications, injections, forced
feeding ... not so relevant




Wzt is airtificizl soll 7

Soil component Content expressed on
% dry mass basis

e Sphagnum peat (air dried), finely ground and with no visible 10
plant remains

* Kaolimte clay (air dried), containing not less than 30 % 20
kaolinite

e Industnial quartz sand (air dried), predominantly fine sand 70

with more than 50 % by mass of particle size 0,05-0,2 mm
(amount dependent on calcium carbonate required)

e Calcium carbonate (CaCOs, pulverised, analytical grade) to 03-1.0
obtain an mitial pHof 6.0 £ 0.5

OECD 1984. Guideline for testing chemicals 207. Earthworm acute toxicity test.

Is standard medium for many soil bioassays ...

Is much more relevant than solution, agar, filter paper ...
Should solve problem of high variability of natural soils ...
Should resemble natural loamy soil ...

Should enable the toxicity extrapolation to natural soils ...

war



Soll microoizl zsssays

EPA (1996): OPPTS 850.5100 Soil microbial community toxicity test.
Ecological effects test guidelines. United States Environmental Agency.

EPPO (1994): Decision making scheme for the environmental risk
assessment of plant protection products. EPPO Bulletin 24, Chapter 7, Soil
Microflora.

Lynch, M.R. (1995): Procedures for assessing the environmental fate and
ecotoxicity of pesticides. SETAC, Brussels, Belgium.

OECD (1999): Proposal for a new guideline 217. Soil microorganisms:
Carbon transformation test. OECD guideline for the testing of chemicals.
OECD.

OECD (1999): Proposal for a new guideline 216. Soil microorganisms:
Nitrogen transformation test. OECD guideline for the testing of chemicals.
OECD.

1ISO 14238 (1997): Soil quality - Determination of nitrogen mineralization
and nitrification in soil and the influence of chemicals on these processes.
Internatlonal Organlzatlon for Standardization. Geneve, Switzerland.
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Soil microoizl 2issay accorcdirne io OECD, |ISO

Real uncontaminated agricultural soil with indigenous microflora:
pHKC| B 7 - 7.5 CbiO — 400 - 700 I"Ig'gd.w.—l
C,q = 1.5% BR = 0.5-0.7 pg CO,-C.ht.g4 !

org

sand = 70%
[ T ] _
N Substance
Storage
[ & ] application ‘ 7th day
Pre-incubation 14th day _ _
(7 days) Microbial
Negative parameters
control
21st day
START ]
Positive 28th day
control
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Caanornaocdditis a2f2¢fzr)s

: Adult
Bhr/ u l b

young adult _
o/ D@

= L4 larva
| w embryonic .
.

\. — development
14 hr
Dauer larva .
L3 larva Ns hr /
W Predauer (L2d) .

crowding } low food /
B hr eyl
AN o L1 larva

L2 larva 12 hr
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ASTM: E2172-01 Standard Guide
for Conducting Laboratory Soil
Toxicity Tests with the Nematode
Caenorhabditis elegans
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% 44— ADD 10 WORMS DAY 2
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Avolclziries tast with 2, alofefuys

waste Artificial soil

Counting of adults in gz |
halves

24 hrs
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J

lindane (ug/g)

Uptake phase Elimination phase
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+ 23 days

/ Incubation period
Cocoon O

formation
+ 4 days C
Eisenia fetida r{J\D

Hatchlings
(+ 3 hatchlings per
cocoon)

Temperature 25 °C
Moisture £ 76 %

Matiny .
g (Venter a Reinecke 1988
Clitellum development
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* 14 days
* 500 g soll + 10 adult Eisenia fetida
* mortality and weight

e Glass Petri dish

- 1litre glass jar

L] - Cow dung

whatketdmi ) Artificial soil

Snmen | - 10 adult earthworms




EzrinwWoren reoroduciior test
56 days
500 g soll + 10 adult Eisenia fetida
horse manure as food

juveniles extracted using water bath




Eisania faiick reorocuciion iesi

Water added l
Soil weighted to jars

Weighting worms 10 adults from culture
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After 20 min
juveniles appear

Collecting
and counting
juveniles

Water bath, increasing
temperature 40°C - 60°C

Sieving the soil
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e

Avoicdancs tasi

Guideline: ISO/DIS 17512 (draft)
Species: E. andrel

Substrate: LUFA St. 2.2 standard soll
Duration: 1 -2 days

Parameter: Behaviour of the worms

Test vessels: Dual chamber
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Prifung der Auswirkungen

¢ auf Regenwlrmer

- = e

1 Kokons des
Kompostwurms

1. Akute Toxizitat (2 Wochen) ‘

Bewertung: 1pg - LC50
Mortalitat, PEC e

Korpergewicht

2. Einfluss auf die Fortpflanzung
(8 Wochen)

Bewertung: NOEC
Anzahl der TER PEC
Jungtiere,

Korpergewicht

3. Auswirkungen im Freiland (1 Jahr) ‘

Bewertung: Individuenzahlen,
Risiken flir Populationen und
Lebensgemeinschaften
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Plant oroizetion orocucts risiK 2SS ass

» Auswirkungen auf andere Pflanzen

Verschiedene

Konzentrationsstufen im- Prufpflanzen: 6 Pflanzenarten aus

unterschiedlichen Familien

Auflauftest

1. Stufe: Prufungen im Gewachshaus ‘

- Auflauftest: Auswirkungen auf
Keimung und Auflauf

e - Wachstumstest: Auswirkungen auf
WaCthumSteﬂ den Biomassezuwachs

TER <10 lﬂ

2. Stufe: Weiterfuhrende Versuche

» Verlangerte Gewachshausversuche
* Mehr Arten

Erbse )
* Freilandversuche ﬁ
Haturhaushalt ?'
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Table 9.1 Classification of Various Semi-Field Tests

1. Model ecosystem segments (= “microcosms”)
Narural or artificially assembled units; a few centimeters in size —
up to approx. I m' {contents up 1o a few hundred liters); closed and
open systems are both possible.

Specialized technicues:  ¢.g. the plant metabolism box cf the NATEC
{FIGGE, 1992) or small “ariificial strcams”
(CLEMENTS ct al., [989),

Integrated techniques:  e.g. the Terrestrial Model Ecosystem (TME)
(VAN VORIS et al., 1984; KNACKER et al.,
1990, 1991} or the Standardized Aquailic
Microcosm (SAM) (TAUB et al., 1986; EPA,
1987).

2. Ecosystem segments in the field (= “mesocosms™)
Field segments which remain exposed to normal environmental
conditions; various sizes ranging between | m’ and several
hundred m?,

Specialized techniques:  Partial enclosurcs in lakes or rivers, e.g. plastic
bags with algae coenoses (EIDE et al., 1979).

Lysimeter {usually about 1 m3 in size}, e.g. tests
on the mobility of pesticides in natural soil cores
{e.g. BBA, 19904).

Semi-field tests (usually tests with beneficial
organisms), e.g. effects of pesticides on ground
heetles (carabids} in cultivates soil system
segments (ABEL & HEIMBACH, 1992).

Integrated 1cchniques Artificial testing systems, ¢.g. “artifictal streams”
(very rarcly in the — reconstructions ol real streams including
terrestrial medium): scdiment (EATON et al., 19850,

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

in wadden scas (FARKE et al., 1984).
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More realism Microcosm Tests
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more levels
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