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Tests with the Lumbricid Earthworm Eisenia Fetida and the
Enchytraeid Potworm  Enchytraeus albidus *

This standard is issued under the fixed designation E 1676; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope soil toxicity tests when factors such as temperature, pH, and

1.1 This guide covers procedures for obtaining laboratonyp0il characteristics (for example, p'article size, organic maiter
data to evaluate the adverse effects of contaminants (fdfontent, and clay content) are of interest or when there is a
example, chemicals or biomolecules) associated with soil t§€€d to0 test such materials as sewage sludge and oils. These
earthworms (Family Lumbricidae) and potworms (Family Methods might also be useful for conducting bioaccumulation
Enchytraeidae) from soil toxicity or bioaccumulation tests. Thef€Sts. . . _
methods are designed to assess lethal or sublethal toxic effectsl-4 The results of toxicity tests witlfl) materials (for
on earthworms or bioaccumulation of contaminants in short€xample, chemicals or waste mixtures) added experimentally
term tests (7 to 28 days) or on potworms in short to long-ternf0 artificial soil, reference soils, or site soilg?) site soils
tests (14 to 42 days) in terrestrial systems. Soils to be testedjluted with reference soils, an(8) site or reference soils
may be(1) reference soils or potentially toxic site soilg) d|Iu.ted with artificial soil, so as to create a series of concen-
artificial, reference, or site soils spiked with compoun¢®); ~ trations, may be reported in terms of an LC50 (median lethal
site soils diluted with reference soils; 6f) site or reference concentration) and sometimes an EC50 (median effect concen-

soils diluted with artificial soil. Test procedures are describedration). Test results may be reported in terms of NOEC (no

speciesEnchytraeus albidugsee Annex A4). Methods de- C€oncentration) or as an ECx (concentration where x % reduc-

scribed in this guide may also be useful for conducting soilion of a biological effect occurs. Bioaccumulation test results

toxicity tests with other lumbricid and enchytraeid terrestrial@'® reported as the magnitude of contaminant concentration

species, although modifications may be necessary. above either the Day O tissue baseline analysis or the Day 28
1.2 Modification of these procedures might be justified bytissues from the negative control or reference soil (thats, 2

special needs. The results of tests conducted using atypicai<: 10X) (see A3.9).

procedures may not be comparable to results using this guide. 1.5 This guide is arranged as follows:

Comparison of results obtained using modified and unmodified Scope 1
. . . : . Referenced Documents 2
versions of these procedures might provide useful information Terminology 3
concerning new concepts and procedures for conducting soil Summary of Guide 4
toxicity and bioaccumulation tests with terrestrial worms. Signifficance and Use 5
1.3 The results from field-collected soils used in toxicity X‘;:;f&‘sces o
tests to determine a spatial or temporal distribution of soil Safety Precautions 8
toxicity may be reported in terms of the biological effects on ?o”to , 12
survival or sublethal endpoints (see Section 14). These proce- procedae n
dures can be used with appropriate modifications to conduct Analytical Methodology 12
Acceptability of Test 13
Calculation of Results 14
P L S . . . Report 15
This guide is under the jurisdiction of ASTM Committee E47 on Biological Annexes
Effects and Environmental Fate and is the direct responsibility of Subcommittee Annex Al. Eisenia fetida
E47.02 on Terrestrial Assessment and Toxicology. Annex A2: Artificial Soil Composition
An AST(lj\/I guide'fi_s defined a;s at_series of options or instructions that do not Annex A3. Bioaccumulation Testing Utilizing Eisenia fetida
recommenda a specific course or action. Annex A4. Enchytraeid Reporduction Test (ERT)
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1.6 The values stated in Sl units are to be regarded as the 3.1.2 For definitions of terms used in this guide, refer to
standard. Terminology E 943 and Guide E 1023. For an explanation of
1.7 This standard does not purport to address all of theunits and symbols, refer to Practice E 380.
safety concerns, if any, associated with its use. It is the 3.2 Definitions of Terms Specific to This Standard:
responsibility of the user of this standard to establish appro- 3.2.1 artificial soil—a synthetic soil, prepared with a spe-
priate safety and health practices and determine the applicacific formulation, designed to simulate a natural soil (see
bility of regulatory limitations prior to useWhile some safety Annex A2). Artificial soil may be used as a diluent medium to
considerations are included in this guide, it is beyond the scopgrepare concentrations of site or reference soil and may be used
of this standard to encompass all safety requirements necessaty a negative control medium.
to conduct soil toxicity tests. Specific precautionary statements 3.2.2 batch—the total amount of test soil prepared for each

are given in Section 8. concentration in a test. A batch is any hydrated test soil ready

for separation into replicates.
2. Referenced Documents 3.2.3 bioaccumulatior-the net accumulation of a sub-
2.1 ASTM Standards? stance by an organism as a result of uptake from all environ-
D 653 Terminology Relating to Soil, Rock, and Containedmental sources. (See Guide E 1688.)
Fluid 3.2.4 bioaccumulation factor (BAR-the ratio of tissue

D 4447 Guide for the Disposal of Laboratory Chemicalsresidue to sediment contaminant concentration at steady-state.
and Samples (See Guide E 1688.)

E 380 Practice for Use of the International System of Units 3.2.5 bioaccumulation potentiat-a qualitative assessment
(SI) (the Modernized Metric System) of whether a contaminant in a particular sediment is bioavail-

E 943 Terminology Relating to Biological Effects and En- able. (See Guide E 1688.)
vironmental Fate 3.2.6 bioconcentratior-the net assimilation of a substance

E 1023 Guide for Assessing the Hazard of a Material toby an organism as a result of uptake directly from aqueous
Aquatic Organisms and Their Uses solution. (See Guide E 1688.)

E 1383 Guide for Conducting Sediment Toxicity Tests with  3.2.7 bioconcentration factor (BCFH-the ratio of tissue
Freshwater Invertebrates residue to water contaminant concentration as steady-state.

E 1688 Guide for Determination of the Bioaccumulation of (See Guide E 1688.)

Sediment-Associated Contaminants by Benthic Inverte- 3.2.8 biota-sediment accumulation factor (BSAFhe ratio
brates of lipid-normalized tissue residue to organic carbon-
E 1706 Test Methods for Measuring the Toxicity of normalized sediment contaminant concentration at steady state,

Sediment-Associated Contaminants with Fresh Water Inwith units of g-carbon/g-lipid. (See Guide E 1688.)

vertebrates 3.2.9 clitellum—the fleshy “ring” or “saddle” of glandular
tissue found on certain mid-body segments of oligochaete
3. Terminology (Lumbricidae and Enchytraeidae) worms. It is the most visible
3.1 Definitions: feature of an adult earthworm or potworm and secretes the

3.1.1 The words “must,” “should,” “may,™ can,” and C€OCOON into which eggs and sperm are deposited.
“might” have very specific meanings in this guide. “Must” is  3.2.10 concentratior—the ratio of the weight of test mate-
used to express an absolute requirement, that is, to state that th@ls to the weight of soil (artificial, reference, or site), usually
test must be designed to satisfy the specified condition, unlegpressed on a dry weight basis as percent or milligram/
the purpose of the test requires a different design. “Must” igilogram.
used only in connection with the factors that relate directly to 3.2.11 depuratior—loss of a substance from an organism as
the acceptability of the test (see Section 13). “Should” is use@ result of any active (for example, metabolic breakdown) or
to state that the specified condition is recommended and ougR@SSIVE Process.
to be met if possible. Although a violation of one “should” is  3.2.12 diluent soit—the artificial or reference soil used to
rarely a serious matter, the violation of several will often rendedilute site soils.
the results questionable. Terms such as “is desirable,” “is often 3.2.13 enchytraeid—potworm members of the Family
desirable,” and “might be desirable” are used in connectiorEnchytraeidae of the Class Oligochaeta of the Phylum Anne-
with less important factors. “May” is used to mean “is (are)lida.
allowed to,” “can” is used to mean ‘“is (are) able to,” and 3.2.14 hydration water—water used to hydrate test soils to
“might” is used to mean “could possibly.” Thus, the classiccreate an environment with a moisture level suitable for the
distinction between “may” and “can” is preserved, and “might” species being tested. The water used for hydration is often test
is never used as a synonym for either “may” or “can.” water (see 3.2.27); however, depending on the nature of the test
being implemented, site surface water or groundwater may also
be utilized for hydration.
3.2.15 lumbricid—earthworm members of the Family Lu-

2 For referenced ASTM sta_ndards, vi§it the ASTM website, www.astm.org, orjyricidae of the Class Oligochaeta of the Phylum Annelida.
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM . . e .
Standards/olume information, refer to the standard’s Document Summary page on 3.2.16 negative control soit-artificial or reference soil to
the ASTM website. be used for evaluating the acceptability of a test.
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3.2.17 reference soit-a field-collected soil that has physi- collected from reference sites) artificial soil (see Annex A2)
cochemical and biological properties as similar as possible tepiked with compoundsg] site soil spiked with compounds,
the site soil but does not contain the potentially toxic com-(5) reference soil spiked with compound§) gite soil diluted
pounds of the site soil. It is used to describe matrix effects omvith artificial solil, (7) site soil diluted with reference soil, o8Y
the test in question. It may be used as a diluent medium toeference soil diluted with artificial soil. A negative control of
prepare concentrations of site soil and may be used as atificial or reference soil is used for the followind.) to yield
negative control medium. a measure of the acceptability of the tes?) (o provide

3.2.18 sampling station-a specific location, within a site or evidence of the health and relative quality of the test organ-
sampling unit, depending on the field study design, at whichsms; @) to determine the suitability of test conditions, food,
soil is collected for chemical, physical, and biological evalua-and handling procedures; and)(to provide a basis for

tion. interpreting data obtained from the test soils. Specified data are
3.2.19 sampling unit—an area of land within a site distin- obtained to determine the toxic effects on survival or sublethal
guished by habitat and topography. endpoints for 7 to 28-day exposures or containment bioaccu-

3.2.20 site—a delineated tract of land that is being consid- mulation for 28-day exposures to terrestrial lumbricids and the
ered as a study area, usually from the standpoint of its beintpxic effects on survival or sublethal endpoints for 4 to 42-day
potentially affected by xenobiotics. exposures to enchytraeids.

3.2.21 site soil—a soil collected from the field to be 4.2 Summary of ChangesThis current version of the
evaluated for potential toxicity. A site soil may be a naturally standard is a revision of the E 1676-97 version. Changes made
occurring soil or one that has been influenced by xenobioticssince 1997 involve toxicity testing procedures for the

3.2.22 soil—sediments or other unconsolidated accumula-Enchytraied potwormEnchytraeus albidusThere has been an
tions of solid particles produced by the physical and chemicahadditional annex added (Annex A4) and the main document has
disintegration of rocks, and that may or may not containbeen modified to include this species.
organic material. (See Terminology D 653.)

3.2.23 spiking—the experimental addition of a test material 5. Significance and Use
to an artificial, site, or reference soil, such that the toxicity of 5.1 Soil toxicity tests provide information concerning the
the material added can be determined. After the test material @xicity and bioavailability of chemicals associated with soils
added, which may involve a solvent carrier, the soil is mixedto terrestrial organisms. As important members of the soil
thoroughly to distribute the test material evenly throughout theauna, lumbricid earthworms and enchytraeid potworms have a
soil. number of characteristics that make them appropriate organ-

3.2.24 test chamber-an enclosed space or compartment inisms for use in the assessment of potentially hazardous soils.
which environmental parameters such as temperature ararthworms may ingest large quantities of soil, have a close
lighting are controlled (for example, incubator or modified relationship with other soil biomasses (for example, inverte-
room). Test containers are placed in the test chamber fdsrates, roots, humus, litter, and microorganisms), constitute up
biological evaluation. to 92 % of the invertebrate biomass of soil, and are important

3.2.25 test container—the experimental unit; the smallest in recycling nutrients(1, 2).2 Enchytraeids contribute up to
physical entity to which treatments can be assigned indepers.2 % of soil respiration, constitute the second-highest biomass
dently. in many soils (the highest in acid soils in which earthworms are

3.2.26 test soi—a soil prepared to receive a test organism.lacking) and effect considerably nutrient cycling and commu-
Site or reference soil mixed with artificial soil or reference soil nity metabolism(94-96) Earthworms and potworms accumu-
mixed with site soil in known concentrations for evaluation arelate and are affected by a variety of organic and inorganic
test soils. Artificial, site, or reference soils spiked with testcompounds(2-7, 97-100) In addition, earthworms and pot-
materials such as chemicals, oils, or manufacturing productworms are important in terrestrial food webs, constituting a
are test soils. Once a site, reference, or artificial soil ifood source for a very wide variety of organisms, including
hydrated, even though it is not mixed with artificial or birds, mammals, reptiles, amphibians, fish, insects, nematodes,
reference soil or spiked with a material, it may be called a tesand centipedeés, 9, 94) A major change in the abundance of
soil. soil invertebrates such as lumbricids or enchytraeids, either as

3.2.27 test water—water used to prepare stock solutions, a food source or as organisms functioning properly in trophic
rinse test organisms, rinse glassware, and apparatus or for asyiergy transfer and nutrient cycling, could have serious ad-
other purpose associated with the test procedures or culture vérse ecological effects on the entire terrestrial system.
the test organism. Test water must be deionized or distilled 5.2 A number of species of lumbricids and enchytraeid
water or better, such as reagent-grade water produced byv#orms have been used in field and laboratory investigations in
system of reverse osmosis, carbon, and ion-exchange cahe United States and Europe. Although the sensitivity of
tridges. various lumbricid species to specific chemicals may vary, from
their study of four species of earthworms (includiagfetidg

4. Summary of Guide exposed to ten organic compounds representing six classes of

4.1 The toxicity of test soils or the bioavailability of
contaminants are assessed during the continuous exposure_of

ter.reStrial organisms. SOiIS. tested maY_ be the .fOHOWir_ig: ( ® The boldface numbers in parentheses refer to the list of references at the end of
soils collected from potentially contaminated site®), $oils  this standard.
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chemicals, Neuhauser, et @) suggest that the selection of 5.7 An understanding of the effect of these parameters on
earthworm test species does not affect the assessment oftaxicity and bioaccumulation may be gained by varying soil
chemical's toxicity markedly. The sensitivity of various characteristics such as pH, clay content, and organic material.
enchytraeid species has not been investigated in a comparable5.8 Results of soil toxicity tests may be useful in helping to
way so far, but ecological importance and practicability rea{redict the effects likely to occur with terrestrial organisms in
sons favor strongly the selection of a species belonging to théeld situations.

genusEnchytraeus 5.8.1 Field surveys can be designed to provide either a

5.2.1 E. fetida is a species whose natural habitats are thosdu@litative or quantitative evaluation of biological effects
of very high organic matter such as composts and manure pile¥ithin a site or among sites.
It was selected as the test species becaus is (ored in the 5.8.2 Soil surveys evalgatlng biological .effec'.[s are usufally
laboratory easily; 7) is the earthworm species used most Part of more comprehensive analyses of biological, chemical,

commonly in laboratory experiments0); (3) has been studied geological, and hydrographic conditions. Statistical correlation

extensively, producing a data pool on the toxicity and bioactan be improved and costs reduced if subsamples of soil for

cumulation of a variety of compound, 4, 5, 11-16) (4) has laboratory toxicity tests, geochemical analyses, and community

. . ; structure are taken simultaneously from the same grab of the
been approved for use in toxicity testing by the Europeargame site
Union (EU) and the Organization for Economic Cooperation 5.9 Sail toxicity and bioaccumulation tests can be an im-

and Development (OECD); andb)(has been used by the portant tool for making decisions regarding the extent of

Environmental Protection Agency (EPA) for the toxiCity romeial action necessary for contaminated terrestrial sites.
screening of hazardous waste si(23g).

5.2.2 The recommended enchytraeid test species i§. Interferences

Enchytraeus albidusienle 1837 (white potworm)E. albidus 6.1 Limitations to the methods described in this guide might

is one of the biggest (up to 15 mm) species of the oligochaetgqe ong thereby influence soil toxicity test results and

family Ench_ytrae_idae and_ it is d_istribgteq World-wi(ﬂﬁe01,_ complicate data interpretation. The following factors should be
102) E. albidusis found in marine, limnic, and terrestrial ~;nsidered when testing soils:

habitats, mainly in decaying organic matter (seaweed, COM- g1 1 The alteration of field samples in preparation for
post) and rarely in meadow@5, 102) This broad ecological |aporatory testing (for example, transport, screening, or mix-
tolerance and some morphological variations might |nd|cat¢ng)_

that there are different races for this speciés.albidusis 6.1.1.1 Maintaining the integrity of soils during their re-

commercially available, sold as food for fish, can be bred easilyyoyal, transport, and testing in the laboratory is extremely
in a wide range of organic waste materials and has a short lifgifficult. The soil environment is composed of a myriad of
cycle (33 to 74 days103, 104. E. albiduswas studied in  mjcroenvironments, redox gradients, and other interacting
various tests, which covered a wide range of compoundphysicochemical and biological processes. Many of these
(104-106) In addition, it is currently under investigation for characteristics influence soil toxicity and the availability of
use in toxicity testing and soil quality assessment by thecompounds to organisms, microbial degradation, and chemical
European Union (EU), the Organization for Economic Coop-sorption. Any disruption of this environment complicates
eration and Development (OECD), and the International Orgainterpretations of treatment effects, causative factors, and in
nization for Standardization (ISO). Other species of the genusitu comparisons.
Enchytraeusare also suitable, for examplé. buchholzi 6.1.1.2 Soils tested at temperatures other than those from
Vejdovsky 1879 orE. crypticusWestheide and Graefe 1992 the field in which they are collected might affect chemical
(see Annex A4). Those species are true soil inhabitants and ag@lubility, partitioning coefficients, and other physical and
smaller in size. Other species Bfchytraeusnay be used, but chemical characteristics.
they should be identified clearly and the rationale for their 6.1.2 Interaction among chemicals present in the soil.
selection should be reported. 6.1.3 The use of laboratory-spiked soils that might not be
5.3 Results from soil toxicity tests might be an importantrepresentative of_ ghemicals associated W@th soils in the field.
consideration when assessing the hazards of materials to®-1-4 The addition of food to test containers may affect the
terrestrial organisms. results of a toxicity test, but it may be necessary to feed the test

5.4 Information might also be obtained on the bioaccumu—raanisms i long-duration tests (see 11.7, A1.9.1.2, AL9.5,

lation of chemical iated with soil by analysis of animaf o £ '4-10-8)
ation of chemicais assoclate Soll by analysis ot animal g 4 5 1he aqdition of solvents to the test containers might
tissues for the chemicals being monitored. These results a

. ; . R ) Bbscure the adverse influence of chemicals associated with soil
useful for studymg_the blologlgal availability of chempals. and affect soil quality characteristics.
5.5 The soil toxicity test might be used to determine the g1 6 The natural geochemical properties of test soil col-
temporal or spatial distribution of soil toxicity. Test methods ected from the field might not be within the tolerance limits of
can be used to detect horizontal and vertical gradients ifhe test species.

toxicity. 6.1.7 Field-collected soils may contain indigenous organ-
5.6 Results of soil toxicity tests could be used to compardsms including 1) the same or closely related species to that
the sensitivities of different species. being tested an®] microorganisms (for example, bacteria and
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molds) and algae species that might grow in or on the soil and 7.5.1 All test containers used in a soil toxicity test must be
test container surfaces. identical. The test containers should be covered with a lid to
6.2 Tests may not be applicable with materials that argrevent escape of the test organisms and help reduce drying of
highly volatile (that is, substances for which the Henry'sthe test soil.
constant or the air/water partition coefficient is greater than 7.5.2 Species-specific information on test containers and
one, or substances for which the vapor pressure exceeds 0.0183t conditions is given in Annex A1, Annex A3, and Annex A4.
Pa at 25°C) or rapidly transformed biologically or chemically. 7.6 Cleaning—Test containers and equipment and apparatus
The dynamics of test material breakdown products shoulghould be cleaned before use. Items may be cleaned in the
therefore be considered, especially in relation to assumptiorfellowing manner: {) scrub thoroughly with a scratch pad to

of chemical equilibria. remove visible soil and residue?)(detergent wash;3} water
rinse; @) organic solvent wash (for example, acetonB);acid
7. Apparatus wash (for example, 10 % concentrated hydrochloric aci@); (

tap water rinse;q) rinse at least twice with distilled, deionized,

constant temperature areas (chambers) for culturing and testiﬁ’é reagent grade water; an@ dried at room temperature or in

to reduce the possibility of contamination by test materials anfl low-temperature (up to 90°C) air-drying oven. Care must be

other substances, especially volatile compounds. Culture co aken to avoid the use of “plastics” that may breakdown in the

presence of the solvent used or at prolonged exposures near
0°C. For acceptable items, the following steps may be used

7.1 General Facilities—The facility should include separate

tainers should not be in a room (chamber) in which toxicity

tests are conducted, stock solutions or test solutions a

. : (e ternatively for cleaning:1) scrub thoroughly with a scratch
5;%?;?:& (;rn((ajqft;é%m;r}tulrsngfaned. The facilities should be Wegad to remove visible soil and residu@) etergent wash3j

S , o
7.2 Equipment and ApparatusEquipment and apparatus water rinse; 4) acid wash (for example, 10 % concentrated

that contact stock solutions, test solutions, site soils, and tegtydroth_onc acuj); @ tap water rinse; @) rinse at .Ieast twice
with distilled, deionized, or reagent grade water; andbake

soils, into which test organisms will be placed, should notin an oven at 350°C. Clean lids should be placed on test

contain substances that can be leached or dissolved in amounts _, . )
ontainers after the containers have cooled.

that affect the test organisms adversely. In addition, equmer& 7.6.1 A laboratory dish-washing machine may be used to

and apparatus that contact soils or solutions should be chosen . . .
e . . ccomplish the detergent wash/water rinse and tap water rinse
to minimize the sorption of test materials. Glass, Type 31

. : . stages. If a dish-washing machine is used, a neutralizing rinse
stainless steel, nylon, high-density polyethylene, polycarbon= . ;
. may be necessary after the acid wash to prevent acid damage
ate, and fluorocarbon plastics should be used whenever pos- .
) o ) . : . 0 the machine’s metal parts.
sible to minimize leaching, dissolution, and sorption. Copper, . ' . .
i 7.6.2 Many organic solvents leave a film that is insoluble in
brass, lead, galvanized metal, and natural rubber should not be . : . . .
: water. A dichromate-sulfuric acid cleaning solution can gener-
used. Items made of neoprene rubber and other materials ng . . i
: X . ally be used in place of both the organic solvent and the acid,
previously mentioned should not be used unless it has been . . ; )
. . . ut the solution might leave chromium residues on glass.
shown that their use will not affect the survival, growth, or . ;
; . 7.6.3 Upon completion of a test, all items to be reused
reproduction of test organisms adversely.

should immediately belj emptied of soil, 2) rinsed with
. 7.3 Test and Culture Chamb test or (_:ulture chamber water, and ) cleaned by the procedures previously outlined.
is an enclosed space or compartment in which temperature a

lighting are controlled (for example, incubator or modified st organisms and SOII-ShOUId be disposed of using appropri-
Th tilati f chamb iallv test chamb ate procedures (see Guide D 4447).
room). The ventilation of chambers, especially test chambers, 7.6.4 Test containers should be stored with their lids on to

is desired. _ __keep them clean.

7.3.1 Test and culture chambers usually require continuous 7.7 Acceptability—Before a toxicity test is conducted in
lighting (except in the case of the Enchytraeid Reproduction, e,y test facilities, it is desirable to conduct a “non-toxicant”
Test). A timing device should be used to provide a light:darkigs; in which all test containers contain a negative control of
cycle if a photoperiod other than continuous light is used.  ayificial or reference soil. Survival, growth, or reproduction of

7.3.2 Temperature-recording devices should be used e test species will demonstrate whether the facilities, hydra-
monitor the temperature of test and culture chambers. Both teghp, water, artificial soil, and handling techniques are adequate

and culture chambers should be at the same temperatufg resylt in acceptable species-specific control numbers. The
(except in the case of the Enchytraeid Reproduction Test). magnitude of the within-chamber and between-chamber vari-
7.4 Culture Containers-Containers used to culture test gnce should also be determined.

organisms should be made of materials that will not affect their

survival, growth, or reproduction adversely. Consideration8. Safety Precautions

should be given to cleaning and organizational space. The size 8.1 Many substances pose health risks to humans if ad-

of culture containers may depend on the species being culturedquate precautions are not taken. Information on the chemical
7.5 Test Containers-Test containers should be made of and physical properties, toxicity to humar{¢8-21) and

materials that minimize the sorption and leaching of tesrecommended handling procedufgg-26)of the test material

compounds and do not affect the survival, growth, and reproshould be studied and made available to all personnel involved

duction of the test organism adversely. Glass is an idedbefore a test is begun. Contact with the test materials should be

material. avoided.
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8.1.1 Many materials can affect humans adversely if pre{4) to provide a basis for interpreting data obtained from the
cautions are inadequate. Field-collected soils might contaitest soils. A reference soil is used to describe the matrix effects
toxic materials, and respiratory exposure and skin contaadf a test. Every test must have a negative control of artificial or
should be prevented or minimized. As much information aseference soil and may also have a reference soil if the negative
possible should be collected on the history of the site and theontrol is an artificial soil. A reference soil should be collected
potential problems from human exposure. Exposure to workerSom the field in a clean area and represent the test soil as much
might be minimized by wearing rubber boots, disposable safetgs possible in soil characteristics (for example, percent organic
gear, gloves, and a cartridge respirator. Information or direcmatter, particle size distribution, and pH). This provides a
tives on necessary precautions should be available from a sigite-specific basis for comparison of toxic and nontoxic con-
safety manager at some sites. ditions. The same conditions, procedures, and organisms must

8.1.2 When screening, mixing, or distributing hazardousbe used with the negative control and reference soil as are used
soils in the laboratory, proper handling procedures mighin the other treatments, except that contaminated soil or test
include working () under a ventilated hood, wearing protec- materials are not added. In addition, a reference control
tive gloves, laboratory coats, aprons, and safety glasseg) or ((artificial or reference soil spiked with a compound with known
in a ventilated room, wearing rubber boots, disposable safetioxicity at the concentrations(s) used) is desirable.

gear, gloves, and a full-face bottled air respirator. When 9 3 Field Sampling Desigr-A site is defined as a delin-
initiating toxicity tests in the laboratory, procedures mighteated tract of land that is being considered as the overall study
include wearing appropriate protective gloves, laboratoryarea, usually from the standpoint of its being potentially
coats, aprons, and safety glasses and working in a ventilategifected by xenobiotics. The field collection is often conducted
hood. in areas in which little is known concerning contamination or
8.2 Careful consideration should be given to those chemicontamination patterns. The object of a qualitative field sam-
cals that might biodegrade, transform to more toxic compopling design is to identify sites that contain potentially toxic
nents, volatilize, oxidize, or photolyze during the test period.conditions that may warrant further study. The collection
8.3 Health and safety precautions and applicable regulationgesign might divide the site into sampling units based on
for the disposal of stock solutions, test organisms, and soilgabitat or topography to allow for maximum spatial coverage.
should be considered before beginning a test (see Guidgampling stations may be set up within each unit (see 3.2). One
D 4447). sample is collected from each station. The lack of field
8.4 Cleaning of equipment with a volatile solvent such asreplication at each station usually precludes statistical compari-
acetone should be performed only in a well-ventilated area iRons; however, the identification of samples for further study is
which no smoking is allowed and no open flame such as a pilgsossible, when survival, growth, or reproduction differ be-
light is present. tween sampling stations or sampling stations differ from a
8.5 An acidic solution should not be mixed with a hypochlo- reference soil. Information on field sampling design is pre-
rite solution because hazardous fumes might be produced. sented by Warren-Hicks, et #P7), Eberhardt and Thomas
8.6 Concentrated acid should be added to water, not vicgg), Gilbert (29), and 1SO(108)
versa, to prepare dilute acid solutions. Opening a bottle of g 31 f the object of the field sampling design is to test for
concentrated acid and adding concentrated acid to water shouléhisically significant differences in the effects between nega-
be performed only in a fume hood. tive control or reference soils and test soils from several sites
8.7 The use of ground fault systems and leak detectors igr petween sampling stations within a single site, a quantitative
recommended strongly to help prevent electrical shocks.  eihod is used that requires replicate sampling. The number of
9. Soil field replicates (that is, separate soil samples at a single
sampling station) necessary per sampling station is a function
an approved, written procedure should be prepared for thof the need for sensitivity or power. A minimum of three fiel_d
' Fepllcates from each station is recommended. These field

thoa;:i]((:]I Iémgen?{czglisézaég:ﬁ:rg g;m,;?llgolijlgksnr?c\)lmd %%agﬂgfjct%frr_eplicates_are each treated as a separate samp_le in the_ labora-
i-ed and have at least the foIIoWing determined: pH perceh;tory, that_ is, they are not m|_xed tqgether. The field replicates
organic matter, cation exchange capacity (CEC) iotal’nitrogenr(.)m. a smglg sampl_lng sta_tlor_wl might be uséd (o test for

. ) P . ’ ithin-sampling station variability,2) to compare laboratory
particle size distribution (percent sand, silt, and clay), anc{N

percent water content. In addition, chemical analyses should bsesetCipérSocedures, or3[ to compare sensitivity among test

performed for compounds suspected of occurring in the par- . . . .
ticular soil (for example, heavy metals and organics). Toxico- 9'3:2 Samp_lmg stations ”_"ght be dlstnbuted_al_ong a kn_own
logical results might provide information directing a more pollution gradient within a site or at random within sampling

intensive analysis. Soil toxicity testing procedures are detaile§nits- Comparisons can be made between both space and time
in Section 11. if the sampling and testing take place during different times of

9.2 Negative Control and Reference Seih negative con- e year.
trol soil is used for the following:1) to yield a measure of the 9.4 Field-Collected Test Soil
acceptability of the test2] to provide evidence of the health  9.4.1 Collection—A shovel or auger (preferably stainless
and relative quality of the test organism3) {o determine the steel) should be used to collect soil samples (see Section 8).
suitability of the test conditions and handling procedures, and’he surface of the location at which the sample is to be

9.1 General—Before the preparation or collection of soail,
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collected should be cleared of debris such as leaves and twigs.9.5.1 Test chemicals should be reagent gtadie better,

If the location is an area of grass or other plants, the plantginless technical or other grade material is specifically needed.
should be cut to ground level and removed before the samplBefore a test is started, the following should be known
is collected. The sample should be placed in a thick plastic bagoncerning the test materialt)(identity and concentration of
(for example, 4 mil) and taped closed. This bag should then bEajor ingredients and impurities2)(water solubility in hydra-
placed in a second plastic bag, taped closed, and placed intign water, logP,,,, and vapor pressure3) estimated toxicity
clean sample container with a lid (for example, plastic pail witht© the test species and to human®; frecision and bias of the
O-ring seal). Direct sunlight should be minimized during analytical method at the planned concentrations of the test

collection if the chemicals associated with soils include Com_matenal, if the test concentrations are to be measured; $nd (

. . recommended handling and disposal procedures. Additional
Elc;ir;%s i:\hitnp?coetog;:stre;:élykglt ?:(())III d Sﬁ]m,mis ﬁZTgmgie?ﬁnformation on the fate of the test substance in soil is desirable.

b i ing habitat and t ¢ tati 9.5.2 Stock Solutions-Test materials to be tested in artifi-
observations concerning habitat and type of vegetation an ial, reference, or site soil should be dissolved in a solvent (the
measurements such as soil temperature and moisture may

. ; feferred solvent is water) to form a stock solution. The stock
taken in the field. solution itself, or dilutions of it, are then added to the soil. The
9.4.2 Storage—Soil samples should be utilized as soon asconcentration and stability of the chemical in the stock solution
possible in accordance with Test Methods E 1706 storedtat 4 should be determined before beginning the test. The stock
2°C for no longer than eight weeks before the start of the tessolution should be shielded from light both before and during
Freezing and longer storage times might change the soihe process of mixing into the soil if the chemical is subject to
properties and should be avoided. The soil may be stored in thghotolysis. Concentrations of the chemical in the solvent and
sample containers in which it was collected in the field. It issoil should be monitored before the test begins. _
desirable to avoid contact with metals and p|asticsl 9.5.3 Non-Water SolventsIf a solvent other than water is
necessary, it should be one that is water-miscible and can be

9.4.3 Processing—The following procedures should be fol- = :
lowed if a homogenous sample is needed. The samples shoufjven off (for example, evaporated), leaving only the test

. . emical on the soil. Both a solvent control and a negative
be screened to remove oversize material such as rocks.

6.30 h. stainl il b 4 Th ntrol soil must be included in the test if a solvent other than
~2U-MM MEsh, stainiess steel screen may be used. 1he SPler js used. The solvent control must contain the highest

should be mixed after screening (for example, in a stainlesg,centration of solvent added to the soil and must use solvent
steel mixer) to ensure homogeneity (see Section 6). Sulom the same batch used to make the stock solution. The same
samples of the processed soil should be removed for pH anghncentration of solvent should be used in all treatments.
moisture content determination. Moisture content is deter- 9.53.1 Acetone is an organic solvent used for preparing
mined gravimetrically by drying a subsample for 24 h atstock solutiong4, 14, 16, 30pecause of its high volatility and
100°C. Information on moisture content is necessary to detembility to dissolve many organic chemicals. Other water-
mine the amount of hydration water to add to the test soils (semiscible organic solvents, such as methanol or ethé)pay
A1.9.3). Each replicate is screened, mixed, and treated sepbe used. Organic solvents may affect total organic carbon
rately if a quantitative method of field sampling with replicateslevels, introduce toxicity, or alter the geochemical properties of
was used. the soil (see 6.1.5). A surfactant should not be used in the

9.4.3.1 There may be some instances when an intact coRyeparation of a stock solution because it might affect the

sample needs to be tested, and no processing is therefopéoava'lab'“ty’ form, and thmlty of the tPTSt material, .
necessary. 9.5.3.2 If the concentration of solvent is not the same in all

L . i ) test solutions that contain test material, a solvent test should be

9.4.4 Qualitative descriptions of the soil may include color, .qnqycted to determine whether survival, growth, or reproduc-
texture, or the presence of roots, leaves, and soil organismgep of the test organisms are related to the solvent concentra-
Monitoring the odor of soil samples should be avoided becausgon over the range used in the toxicity test. If survival, growth,
of potentially hazardous volatile chemicals (see Section 8). or reproduction are found to be related to solvent concentra-

9.4.5 The natural geochemical properties (for example, pHion, a soil toxicity test with that species in that amount of
of test soil collected from the field should be within the solvent is unacceptable if any treatment contained a concen-
tolerance limits of the test species, or controls for the variabldration of solvent in that range.
should be run (for example, a pH-adjusted soil). Limits for the
test species should be determined in advance (see 10.1). “Reagent Chemicals, American Chemical Society Specificatidmerican

9.5 Laboratory-Spiked Test Sei#fTest soil can also be cChemical Society, Washington, DC. For suggestions on the testing of reagents not
prepared in the Iaboratory by adding materials such as chemisted by the American Chemical Society, ségalar Standards for Laboratory
. ee . . Chemicals BDH Ltd., Poole, Dorset, U.K., and thgnited States Pharmacopeia
cals or waste mixtures to artificial, reference, or site soils (Segnd National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockuville,

1.4). MD.
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9.5.3.3 For compounds insoluble in water and in organiclO. Test Organism
solvents, 10 g of finely ground quartz sand should be mixed 19 1 Species-Only one species is currently described in
with the quantity of test substance to obtain the desired teshig guide (see Annex Al and Annex A4); however, descrip-
concentration. This mixture of quartz sand and test substanagyns of additional species may be included in revisions of this
should be added to the premoistened soil and thoroughly mixegyide. The use of these species is encouraged to increase the
by adding an appropriate amount of deionized water to obtaigomparability of results. The source and type of soil being
the moisture required as-described by OEQD7) tested or the type of test to be implemented might dictate the

9.5.3.4 The survival, growth, or reproduction of the organ-selection of a particular species. The species used should be
isms tested in the two controls should be compared if the testelected based onl)( availability; (2) sensitivity to test
contains both a negative control and a solvent control. Only thenaterials; 8) tolerance to parameters such as temperature, pH,
solvent control may be used for meeting the acceptability of thend grain size; and4f ease of handling in the laboratory. The
test and as the basis for the calculation of results if sspecies used should be identified using an appropriate taxo-
statistically significant difference in either survival, growth, or nomic key.
reproduction is detected between the two controls. The nega- 10.2 Age—All organisms should be as uniform as possible
tive control might provide additional information on the in the state of maturity and weight class. The state of maturity
general health of the organisms tested. The data from bothr weight class for a particular test species should be chosen so
controls should be used for meeting the acceptability of the teghat the sensitivity to test materials is not affected by age,
and as the basis for the calculation of results if no statisticallyeproduction, or other intrinsic life-cycle factors (see Annex Al
significant difference is detected. and Annex A4).

9.5.4 Test Concentrations 10.3 Source—All organisms in a test must be from the same
9.5.4.1 If the test is intended to allow the calculation of an>°¢ & Organigms may be obtained from laboratory cultures or

natural populations from clean areas. Local and state agencies

LC50 or a NOEC, the test concentrations should bracket the . . . .
might require collecting permits. Laboratory cultures may be

predicted LCS0 or NOEC. The predlc_tlo_n might be bgsed e best source of test species because laboratories can provide
the results of a test on the same or a similar test material on the

7 . . organisms whose history, age, and quality are known. State and
same or a similar species. The LC50 or NOEC of a partlculangeral institutions may have available laboratory cultures of

compound may vary, depending on physical and chemical SOfast organisms. Commercial suppliers who have laboratory

characterlstlcs. If a useful prgdlgtlon IS T‘Ot ayallable, It 'Scultures of research and testing organisms may also be a
desirable to conduct a range-finding test in which the organ:

) -source. It is important to obtain organisms that are of a known
isms are exposed to a control and three or more concentrauo%ecies or subspecies and not a mixture. Paragraphs A1.5 and
of the test material that differ by a factor of ten.

o _A4.6 contain additional information on possible sources of test
9.5.4.2 In some situations (for example, regulatory), itorganisms.

might be necessary to determine onl) (vhether a specific 104 Quality—Chemical analysis of organisms collected
concentration of test material is toxic to the test specie)or ( from natural populations is desirable. It may be desirable to

whether the LCS0 is above or below a specific concentrationynalyze for the test materials and other chemicals to which
When there is interest in a particular concentration, it might benajor exposure might have occurred.

necessary to test only that concentration and not to determine 10 5 care of Brood Stock-Brood stock should be cared for
the LCS0. properly to prevent unnecessary stress (see Annex Al). To
9.5.4.3 If the test is intended to allow the calculation of themaintain organisms in good condition and prevent unnecessary
ECx (for example, EG, EC5g), the test concentrations should stress, they should not be crowded and should not be subjected
cover the whole range of potential effects. At least threewo rapid changes in temperature or the quality of culturing
replicates for each concentration and at least six replicates fenedium. Earthworms, but not potworms, should be cultured at
the controls should be used. The spacing factor may vary, thahe same temperature as that used for testing (see 11.5,
is, less than two at low concentrations and more than two aA1.9.1.4, A4.5.2, and A4.10.7).
high concentrations. If a useful prediction is not available, itis 10.6 Handling—Test organisms should be handled as little
desirable to conduct a range-finding test in which the organas possible. When handling is necessary, it should be done as
isms are exposed to a control and five concentrations of the tegently, carefully, and as quickly as possible. Organisms should
material that differ by a factor of ten. be introduced into test soils on the surface so as to evaluate
9.5.5 The addition of test materials to soil may be accomburrowing behavior. Any organisms that touch dry surfaces or
plished using various methods such as hand mixing or using @re dropped or injured during handling should be discarded.
mechanical mixer (see 9.4.3).

9.5.5.1 If tests are repeated, mixing conditions such as thél. Procedure
duration and temperature of mixing and time of mixing before 11.1 Experimental Design of Laboratory Experiments
the test starts should be kept constant. Care should be takenDecisions concerning the various aspects of experimental
ensure that a test material added to a soil is distributedesign, such as the number of treatments and number of test
thoroughly and evenly within the soil. The homogeneity of containers and test organisms per container, should be based on
laboratory-dosed material should always be determined prior tthe purpose of the test and the type of procedure that is to be
testing. used to calculate results (see Section 14). A test intended to
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allow the calculation of a specific endpoint such as an LC5®rganisms are placed on the surface of the soil and allowed to
should consist of a negative control, a solvent control, ifourrow because a lack of burrowing is considered a response
necessary, and several test concentrations (see 9.5.3). possibly due to the presence of toxic compou(t)s

11.1.1 The primary focus of the experimental test design 11.4 Duration of Test-The test begins when test organisms
and statistical analysis of the data is the experimental unitare first placed in the test containers and continues for the
which is defined as the smallest physical entity to whichduration specified in the experimental design for a specific test
treatments can be assigned independef@h). The test con-  organism.
tainer is the experimental unit (see 7.5). As the number of test 17 5 Temperature-In toxicity tests withE. fetidain artifi-
containers per treatment increases, the number of degrees Qfy soil with 2-chloroacetamide and benomyl, Heimbach and
freedom increases, and therefore the width of the fiduciakqgwards(32) found that temperature variations between 10
interval on a point estimate, such as an LC50, decreases, agdlq 26°C had little influence on the toxicity of the chemicals.
the power of a significance test increases (see Section 14} he case of. albidus any temperature higher than 22°C
Because of factors that might affect the results within teskhoy|d be avoided since reproduction can be affected. The test
containers and therefore the results of the tebt, all test  temperature depends on the species used (see Annex Al and
containers must be treated as similarly as possible, for exannex aA4). Other temperatures may be used to study the effect
ample, temperature and lighting, ar) each test container ¢ iemperature on the survival, growth, or reproduction of test

must be treated physically as a separate entity. The assignmefiyanisms and contaminant-related properties (for example,
of test organisms to test containers must be randomized, a'moavailability).

test containers must be assigned randomly to individual test
chamber locations.

11.2 Soil Into Test Containers-The day before the toxicity

11.6 Test Measurements
11.6.1 Temperature should be monitored for the duration of

test is started (Day — 1), the soil to be tested, negative controf,he test. A contln'uqus temperature recarder (or a continuous
and reference soil (if used) are mixed, the moisture level igempergture/ humidity recorder) with a seven-day chart can be
adjusted with hydration water, and the soils are placed into tedtiaced in the test chamber and changed as necessary.
containers. Paragraph A1.9.3 contains information on the 11.6.2 A rough measurement of the total biomass of test
hydration of test soils. If large interstitial spaces of air occur in0rganisms per test container should be obtained at the begin-
the soil matrix, these spaces should be removed by pressing ng of the test. Arough measurement consists of weighing the
the soil with a suitable utensil, for example, a spatula (see 7.2)yvorms after first removing any large fragments of bedding that
while trying not to compact the soil. The minimum amount of May be adhering to them (see A1.7 and A1.7.1).

soil to mix and hydrate should be enough for three replicates, 11.6.2.1 If weight loss is used as an endpoint, an accurate
a moisture sample, a pH sample, and to account for soineasurement of weight must be taken of the total biomass of
adhering to the sides of the mixing chamber. This mixed andest organisms per test container at the beginning and end of the
hydrated soil is called a batch. Extra batch soil may be mixedest. The worms should be purged of their gut contents before
and hydrated if a sample is to be removed for chemical analysiweighing by placing them in petri dishes with wet filter paper.
or for any other purpose. Site soil has been mixed previouslBedding should be rinsed from the worms with test water
during processing. before placing the worms in petri plates. Before weighing the

11.2.1 Site Soil Sample~From each sample collected at a worms, excess surface water may be removed by placing the
field station, soil sufficient for at least three replicates isworms between layers of an absorbent towel. It is very
hydrated with water, and replicates are placed into test conmportant not to dry the surface of the worms, and consider-
tainers (see Annex Al and Annex A4). ation should be given to whether this step might stress the

11.2.2 Test Soils Prepared for a Concentration Seridé ~ Worms unduly. Researchers have commonly used ¢4 k2,
site soil and artificial or reference soil are to be mixed in a33) or 48 h (34, 35)for a purging time period. Although
concentration series, each concentration (treatment) is prepar&igfford and McGratl{35) provided some evidence that some
as a batch from which replicates are placed into test container§0il may still remain in the gut after 48 h, it is recommended
If site, reference, or artificial (see Annex A2) soil is to be that 24 h be used as a purging time. An excessively long period
spiked with chemicals, each concentration is prepared as @ starvation prior to initiating a lengthy test during which food
batch, and replicates are placed into test containers. is not added (see 11.7) may stress the test organisms.

11.2.3 The test containers with soil are covered with a lid 11.6.2.2 Richards and Irelan¢B36) suggest that longer
containing a very small hole to allow for air movement. Theperiods of starvation may result in the depuration of heavy
test containers are then placed into the test chamber, until theetals from earthworm tissue. These factors need to be
next day, to {) allow the test containers to temperature considered if bioaccumulation studies are to be performed, and
equilibrate andZ) allow time for the test material to equilibrate an elimination study should be undertaken to determine the
with the soil. Each test container must contain the same amouseffect of purging on the concentration of the target compounds
of soil (specified in Annex Al) determined on a dry weightin the earthworms.
basis. 11.6.3 pH should be measured (see A1.11.1) at the begin-

11.3 Introduction of Test OrganismsTest organisms are ning of the test in subsamples taken from the batch prepara-
placed into the test containers after the overnight equilibrationtions and at the end of the test in subsamples from replicates of
this constitutes the beginning of the test (Day 0). The testhe various concentrations.
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11.6.4 Percent moisture may be measured (see Al1.11.2) aelhemicals in test containers. In addition, measurements for the
the beginning and end of the test from subsamples, as noted presence of an apparently evaporated organic solvent may be
11.6.3. desirable.

11.6.5 Salinity should be measured (see A3.7) at the begin- 12.2.1 If samples of stock solutions or test soils are not to be
ning and end of the test (except in the case of the Enchytraei@nalyzed immediately, they should be handled and stored
Reproduction Test). This may be done in subsamples as notegpropriately (see 9.4.2).
in 11.6.3. 12.3 Methods used for analyzing test organisms for chemi-

11.7 Food—It is recommended that food not be added to thecals of concern should be obtained from appropriate sources
test containers because it may affect the results of the test. ($9)-
studies of longer duration, that is, over 28 days, the use of food 12.4 The precision and bias of each analytical method used
may have to be reevaluated (see A1.9.1.2, A1.9.5, andhould be determined in an appropriate matrix, that is, soil,
A4.10.8). water, or tissue. When appropriate, reagent blanks, recoveries,

11.8 Light—To maximize exposure, continuous lighting and standards should be included when samples are analyzed.

(14, 37) using either a fluorescent or an incandescent light

source must be used for testing. A minimum intensity of 37 fc13. Acceptability of Test

(400 lux) is recommended for testi{g7). In the case of the 131 A soil toxicity or bioaccumulation test should be

Enchytraeid Reproduction Test, a controlled light-dark cycle ofconsidered unacceptable if one or more of the following

long-day conditions (preferabley 16 8 h at 400 to 800 lux in  sjtuations occurred.

the area of the test vessels) is desirable. 13.1.1 Continuous lighting had not been used during the
11.9 Biological Data—Effects indicating the toxicity of a test, if soil exposures were intended to be maximized (see

test soil include mortality and may include sublethal effects oni1.8), unless performing the bioaccumulation assay test varia-

growth, behavior, reproduction, and physiological processesion with Bermuda grass (see A3.10) or the Enchytraeid

as well as observations on external pathological changes, f®eproduction Test (see A4.10.7).

example, segmental constrictions, lesions, or stiffness (see 13.1.2 All test containers were not identical (see 7.5 and

Al1.10 and A4.10.13.2). Toxicity test containers may be ob-11.1).

served on a weekly basis or only at the end of the test. Test soil 13.1.3 Test organisms were not cultured at the same tem-

and organisms are emptied onto a flat surface, and thgerature as that used for testing (see 7.3.2, 10.5, and 11.5)

organisms are removed and evaluated, at the end of thgcept in the case of the Enchytraeid Reproduction Test.

exposure period. 13.1.4 The natural geochemical properties of test soil col-
11.10 Chemical Analyses lected from the field was not within the tolerance limits of the
11.10.1 Field-Collected Soils-Soil samples for laboratory test species (see 9.4.5).

testing should be collected from the same grab as for chemical 13.1.5 Appropriate negative and solvent controls were not

analysis. A subsample from the same grab may be used fancluded in the test (see 9.2 and 9.5.3).

faunal analyses. 13.1.6 The concentration of solvent in the range used
11.10.2 Artificial Soil and Field-Collected Soils Spiked in affected the survival, growth, or reproduction of the test

the Laboratory—Measurement of the concentration of testorganisms (see 9.5.3.2).

materials in the batches of test soil is desirable at the beginning 13.1.7 All animals in the test population were not obtained

of the experiment. Chemical analyses at several concentratiofi®m the same source, were not all of the same species, or were

of soil from the test containers may be made at the end of thaot of acceptable quality (see Section 10 and A4.10.10).

test. To monitor changes in soil chemistry during the course of 13.1.8 Treatments were not assigned randomly to individual

the experiment, separate test containers may be set up (inclugst chamber locations, and individual test organisms were not

ing test organisms) and sampled as necessary or practical ovgssigned randomly to test containers (see 11.1.1).

the duration of the experiment. The measurement of test 13 1.9 Each test chamber did not contain the same amount

materials degradation products might also be desirable. of soil, determined on a dry weight basis (see 11.2).
11.10.3 Tissue Analysis-Contaminant bioavailability is in- 13.1.10 The temperature was not within the acceptable
dicated by the chemical concentrations accumulated in earthtange (see A1.9.1.4, A3.7, and A4.10.7).
worm tissues (see A3.8.3). 13.1.11 The negative control soil organisms did not survive,
grow, or reproduce as required for the test species (see 9.2,
12. Analytical Methodology Annex A2, and Annex A4).

12.1 Chemical and physical data for soil and tissue material
should be obtained using appropriate ASTM Internationaft4. Calculation of Results
standards whenever possible. For those measurements for14.1 The calculation procedures and interpretation of the
which ASTM International standards do not exist or are notesults should be appropriate to the experimental design.
sufficiently sensitive, methods should be obtained from otheprocedures used to calculate the results of toxicity tests can be
sources, for example, ER@8). divided into two categories: those that test hypotheses and
12.2 Concentrations should be measured f9rchemicals those that provide point estimates. No procedure should be
in batches of soil,q) test materials in stock solutions, ar§) ( used without careful consideration df)(the advantages and

10
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disadvantages of various alternative procedures andppro- lipid normalization and normalizing soil concentrations of
priate preliminary tests, such as those for outliers and heteraxon-ionic organics to TOC (see Guide E 1688). Analysis of
geneity. field collected organisms is also an option.

14.2 The LC50 or EC50 and its 95 % fiducial limits should 14.7 Three designs are possible for the test performance (the
be calculated (when appropriate) for each set of data on theoncentrations should be spaced by a factor not exceeding
basis of the measured initial concentrations of test material, i#wo): (1) For determination of the NOEC, at least five
available, or the calculated initial concentrations. If other LC orconcentrations in a geometric series should be used. Four

ECs are calculated, their 95 % fiducial limits should also be'eplicates for each treatment plus eight controls are recom-
calculated. mended(2) For determination of the ECx (for example, B

14.3 Most toxicity tests produce quantal data, that is, count5Csa): tWelve concentrations should be used. Two replicates
of the number of responses in two mutually exclusive categof-or each treatment and six control replicates are recommended.

ries, such as alive or dead. A variety of meth¢48-43)can be 1 N€ spacing factor may vary, that is, less than two at low
used to calculate an LC50 or EC50 and 95 % fiducial limitsconcentrations and more than two at high concentrati()s.
from a set of quantal data that is distributed binomially and™©" the mixed approach, eight concentrations in a geometric
contains two or more concentrations at which the percent deatf"i€S should be used. Four replicates for each treatment plus
or effected is between 0 and 100, but the most widely used af@/ght controls are recommended. This combined approach
the probit, moving average, Spearman-Karber, and Litchfield@/lows for determination of both the NOEC and ECx. ,
Wilcoxon methods. The method used should take into account 14-8 The ECx approach can be used for the Enchytraeidae
appropriately the number of test organisms per container. ThigProduction test described in Annex A4. To compute any ECx
binomial test can also be used to obtain statistically sound@/ue, the per-treatment means are used for regression analysis
information concerning the LC50 or EC50 even when fewerfter an appropriate dos.e—response function has begn obtained.
than two concentrations kill or affect between 0 and 100 %N ECX s calculated by inserting a value corresponding to x %
The binomial test provides a range within which the LC50 orOf the control mean into the equation obtained by regression
EC50 should lie. In a case in which few data are available, th@nalysis. The 95 % confidence limits are calculated according
geometric mean (the root of the multiplication of LCO and to Fieller (122). Alternatively, the results can be expressed as

LC100) or a nonlinear interpolation may be used to determin®ercentages of inhibition relative to the control. In these cases,
the LC50 or EC50. the normal (logistic) sigmoid curve can often be fitted to the
14.4 When samples from field stations are replicated inder_esults by use of the probit regression proceddi) But if

pendently, the effects at those stations can be comparet e hormesis phenomenon has been observed, probit analysis

statistically by t-tests, analysis of variance (ANOVA), or > meqbbﬁ freplzt;\_cedf,_tzotrj %xample,l_byafour-par_ameter Iodg|st|c
regression-type analysis. The ANOVA is used to determine’ ' e Ul function Tittled by a honfinear regression procedure.
whether any of the observed differences among the samples (#6. Report

concentrations) are statistically significant. This is a test of the 15 1 |nclude the following information, either directly or by

null hypothesis that no differences exist in the effects amongeterence to available documents, in the record of the results of
the samples (or concentrations) and the control. Ifitestis acceptable soil toxicity test:

not statistically significant (P > 0.05), it can be concluded that 15 1 1 Name of the test and investigator, name and location
the effects observed in the test material treatments (or fielg 1o laboratory, and dates of the start and end of the test.
stations) were not large enough to be detected as statistically 15 1 5 Source of the negative control, reference, or test soil.
S|gn|f|c§1nt py the experimental design and hypotheS|s'te_st used.15 1.3 Method of the collection, handling, shipping, stor-
Non-rejection does not mean that the null hypothesis is trueage and disposal of soil.

The NOEC based on this end point is then taken to be the"y5 1 4 Source of the test material; lot number, if applicable;
highest test concentration tesi@d). The amount of effect that ., mnsition (identities and concentrations of major ingredients
occurred at this concentration should be considered. and impurities, if known); known chemical and physical

14.5 All exposure concentration effects (or field stations)properties; and, if necessary, application of the test compound.
can be compared with the control effects by using mean 1515 |dentity and concentration of any solvent used.
separation techniques, orthagonal contrasts, Fisher's methods,15.1.6 Source and quality of hydration and test water.
Dunnett’s procedure, or Williams’ method. The lowest concen- 15.1.7 Source, history, and reproductive status of the test
tration for which the difference in observed effect exceeds th@rganisms; scientific name, name of person who identified the
statistically significant difference is defined as the LOEC fortest organism, and taxonomic key used; culture procedures and
that end point. The highest concentration for which theany observed diseases, unusual appearance, or treatments;
difference in effect is not greater than the statistically signifi-source of culture and date the culture stock was obtained; and
cant difference is defined as the NOEC for that end point.  piomass of test organism per test container.

14.6 Bioaccumulation test results are reported as the mag- 15.1.8 Source and composition of food, concentrations of
nitude of chemical concentration above either the Day 0 tissutest material and other chemicals, procedure used to prepare
baseline analysis or the Day 28 tissues from the negativébod, and feeding methods and frequency.
control or reference soil (that is, X2 5X, 10X) (see A3.9). 15.1.9 Description of the experimental design and test
Other approaches for evaluating data include kinetics studieshambers; weight (dry weight basis) of the test soil in each test
with estimate uptake, depuration rates, and time to steady stategntainer; amount of hydration water added to the test soil;
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type and intensity of lighting in the test chamber; number of 15.1.13 Methods used for, and results of, the statistical
test containers and number of test organisms per container aagalyses of data.

per treatment; date and time the test started and ended; 151 14 Summary of general observations on other effects or
temperature measurements during the test; pH values of te§§rmptoms.

soils at the start and end of the test; and any other measure,51.15 Anything unusual concerning the test, any deviation

ments taken. f h d q th | tinf i
15.1.10 Methods used for, and results (with standard deviarOM these procedures, and any other reievant information.

tions or fiducial limits) of, the physical and chemical analyses 15.1.16 Published reports should contain enough informa-
of site soil, test soil, and stock solutions. tion to identify clearly the methodology used and the quality of
15.1.11 Definition(s) of the effects used to calculate LC50the results.
or EC50s, biological endpoints for tests, and a summary of
general observations of other effects. 16. Keywords
15.1.12 Atable of the biological data for each test container
for each treatment, including the control(s) in sufficient detail
to allow independent statistical analysis.

16.1 bioaccumulation tests; earthworm; potworms; soil
toxicity

ANNEXES
(Mandatory Information)

Al. EISENIA FETIDA

Al.1 Significance—Eisenia fetida(Savigny, 1826), Oli- Al.2.2 The specific sources of nutrition far fetidaare not
gochaeta, has many desirable characteristics for a test speciegll understood, but Morgag62) found thatE. fetida was
(1) it has a short generation tim@ls); (2) it reproduces capable of using both the microorganisms found in organic
prodigiously(46); (3) it is collected easily from natural sources wastes and simple nutrients for growth. Worms grew well on
or cultured in the laboratorg2, 37, 47, 48)and @) data on its  pure cultures of four species of fungi and on low concentra-
survival, growth, and reproduction can be obtained in toxicitytions of glucose and sucrose, but they died or lost weight on
tests(47, 49-54) Stafford, et a(55)indicated thak. fetidawas  pure cultures of various bacteria and protozoa species. Worms
the most sensitive species, of those examined, for indicatingonfined with a single food source may have been exposed to
heavy metal availability from soils and dredged sedimelts. the buildup of toxic metabolites produced by the microorgan-
fetidahas been used successfully as a laboratory test organisisms. More work needs to be performed in this area.

in many testing mediums, for example, artificial s¢8), A1.2.2.1 Worms digest the microorganisms from ingested
contaminated field soik5, 56) activated sludgé50), sediment  soil and organic debris, which illustrates their interactions with
(57), and cow manurgl16). the soil environment. This occurs independently of whether

mineral matter or fibrous organic material was ingested.
Al.2 Life History—The life-cycle of E. fetida can be Approximately 2.5 h were required at 25°C for passage of
divided into three distinct phases, according to Jefferies anthgesta from mouth to anus fd. fetida(63).
Audsley (58): (1) the cocoon phase, consisting of an e9g a1.2 3 Although an increase in temperature within the
cocoon that can produce from one to eleven hatchlings undggnge from 13 to 25°C reduces the amount of time needed for
laboratory conditiong59), (2) the young (immature) phase, j |ife cycle, Tomlin and Miller(59) report that an increase in

during which the hatchlings grow physically but cannot pro-temperature within this range reduces the number of hatchlings
duce cocoons; and3) the adult (mature) phase, which is per cocoon.

reached when the worms become capable of producing co-
coons. Adult worms may still grow physically. Tomlin and

. ) X Al.3 Taxonomy-The taxonomic status of what Bouché
Miller (59) report a life-cycle foiE. fetidato vary from a mean _(61) calls theE. fetida complex is unclear in the literature.

of 51.5 days at 25°C to more than 166 days at 13°C, thal iSsome authors consider this complex to consist of two subspe-
from freshly deposited cocoon through clitellate worm andgie £ fetida fetidaand E. fetida andrej while other authors

deposition of the next generation of cocoons. Reyn@i  .ynsider the complex to consist of two separate speéies,

indicates thak. fetidahas a maximum life e_xpectancy of 410 fatida and Eisenia andrei This guide chooses to use the

5 years, although between 1 and 2 years is more usual. g hspecies designations. The dorsal surfack.df andreiis
Al1.2.1 E. fetida is an epigeic species, that is, they live and uniformly reddish, whileE. f. fetidais striped or banded.

feed on the surfacfl, 61)that rarely inhabits agricultural soils Fender (64) (classifying the two earthworms as different

but is found in compost piles, manure piles, and other disturbedpecies instead of subspecies) describedetida as having

sites rich in organic mattell). The rate of soil consumption pigment covering only the center two thirds or so of the dorsal

in the laboratory forkE. fetidahas been estimated at 16 mg half of each segment, presenting a strongly banded appearance.

soil/individual/day (300 mg, live weight individual$}). He describe&. andreias having pigment covering at least nine

12



A E 1676 — 04
“afl

tenths of the length of each segment dorsally, giving it a nearlyvorms belonging to the Class Oligochaeta). None of these
solid color. He indicates that the taxonomy in the literature ispests in low numbers appears to be a problem for the culture of
submerged in that ofE. fetidg” making it unclear which of the healthy worms. Gnats are seasonal and are mostly a nuisance
two forms is being discussed. for the caretaker of the worms. Large numbers of mites and

A1.3.1 Roch, et a[65) and Valembois, et al66) demon- enchytraeids appear to compete for food with the worms, and

strated biochemical differences between the two forms. Oiefllites have been observed on dead or dying worms. Biocides
and Stenerse(67) and Jaenik¢68) conducted electrophoretic &re not used for the control of pests because of their potential
work that led them to consider the two forms as separat@ffeCt on earthworm health or testing sensitivity. The control of
species, and Sheppai®9) added research indicating that pests consists of removal_by han(_j or by disposal of |_nfected
ecological differences exist between the two forms. It istfays. Different geographical regions may have their own

important to know which form is being used as a test organisndlistinct types of pests.
for these reasons. Al1.4.2 Earthworms should be cultured so they are not

A1.3.2 Bouch&61) states that thendreform is relatively stressed unnecessarily. To maintgirfetidain good condition
homogeneous, whiléetidamay be multispecific. It is recom- and prevent unnecessary stress, the cultures should be kept at

mended that thandreiform be used as the test organism, that® constant temperature, the pH should be maintained near 7.0,
is E. f. andrei feeding should be on a regular schedule, the moisture level of

the bedding should remain adequate as described in Al.4, and
crowding (see Al1.4.2.1) should be prevented.

Al.4 Culture of Test OrganismsThe following culture . o
9 g Al.4.2.1 Neuhauser, et @5)calculated carrying capacities

?Igfeg?rigtizgecz?\a%: dr(feg)ngi(:‘Wfagg;;ggGLiegshae;rﬁimfor E. fetida in a volume of 300 criwith a surface area of 78
(Sphagnumpeat moss pH adjusted to 7.0 with pure calciumcmz' to range .from approximately 6 to greater than 23 g Of.

istilledvorm, depending on the type of food source and substrate. This
){ﬁ approximately 0.02 to 0.08 g of worm/érof substrate. The

; number of worms that a tray holds is a function of the size and
mately 34 by 28 by 14 cm can hold 700 g (dry weight) of peat ge of the worms. Adult worms have distinct, fully developed

moss hydrated with approximately 2300 mL of reagent water; ol d ioh . ¢ ) v 300

The trays need to be covered, for example, with plastic, gglitella and weigh a minimum of approximately mg.

prevent drying. Moisture should be monitored on a WeeklySub—adult worms have visible, but not fully developed, clitella

basis. The trays should be maintained so that there is n nd are approxtljmatelyh150 th C|3|00 mdg n We'gmt' IJuver;:Ie

standing water in the bottom of the trays and so that the surfa 0“”9)_W°”'_‘5 o not have clitella and are usually less than
50 mg in weight. For optimal reproduction, it is recommended

of the bedding is not dry. Placing a piece of material such a o . .
plywood over the plastic will keep it in place. The trays aregfa;ige trgxfyvsv g?;tiw;??59%0836"7];%?3'2?(2%@': n;gé”;;'l;?t
held under continuous lighting at 22 3°C (see A1.9.1.4). g ot worm, 095 g pie,
) ) ) worms weighing 700 mg each would be equal to 0.03 g/cm

Al.4.1 E. fetida have been cult_ured with a variety of fpods, To reduce the population of worms in a crowded tray, first
for example: {) cellulose and activated sludge0), (2) dairy  prepare a new tray of bedding. Half of this new bedding is
waste sludge cake71), (3) horse manurg?), (4) activated  removed and placed on a piece of plastic sheeting. Half of the
sludge and horse manui@2), and ) commercial alfalfa peqding containing a portion of worms from the crowded tray
pellets Medicago sativp (56). Alfalfa pellets saturated with g placed into the new tray, and the bedding is mixed by hand.
test water (at a ratio of approximagel g of drypellets per 2 - e half tray of new bedding on the plastic sheet is then added
mL test water) and aged for two weeks in a covered containgg, the old tray of bedding and mixed.
are consumeq readily bf. fetida Alfalfa pellets may be less  a143 A tray will periodically need to have its bedding
likely to contain unknown compounds than the other feeds a”@hanged, even if it is not overcrowded. Prepare a new tray of
are therefore recommended. _ bedding, and place the contents of the old tray of bedding on

Al.4.1.1 The worms should be fed once or twice per weekiop of the new bedding. Allow this tray to sit uncovered in the
depending on the number of individuals in a tray. Any continuously lighted culture chamber for two days, and allow
remaining food is removed and discarded at feeding time. Théhe worms to burrow into the new bedding. Remove the old
bedding is then turned by hand to inspect the general conditiogedding from the top of the new bedding and discard. This

of the worms and the bedding. If any dead worms are noticedyrocedure does not recover the cocoons, and some of the
they should be removed. The tray should be set aside for mokgorms will still be in the old bedding.

frequent evaluation, or it should be discarded, if many dead or A1.4.3.1 If it is critical to save each individual worm and

stressed-appearing worms are found. Test water is added, aggcoon, old bedding that needs changing can be spread onto a
the bedding is turned again, if the bedding needs mor@heet of plastic, and every worm and cocoon can be picked by
moisture. Food is Sp”nkIEd over the surface of the beddlng Ihand and p|aced into a new tray of bedd|ng Cocoons should be
an amount that has been determined will be consumed by thgyried in the new bedding, but worms can be placed on the

next feeding time. surface of the new bedding and allowed to burrow.
Al1.4.1.2 Some of the pests associated with the culture of

worms are fungus gnats, soil mites, Collembola (small insects, A1.5 Obtaining Brood Stock—E. fetidzas been reared on
commonly called springtails, which are abundant in moist leakarthworm farms and sold in every Canadian province and
mold, soil, and rotten wood), and enchytraeids (small, whiteAmerican state for fish baif60). However, bait farms may

deionized, or reverse osmosis. Plastic trays measuring appro
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contain mixtures ok. f. andreiandE. f. fetida Reynolds(60)  consume twice as much soil as a 300-mg individual, a 28-day
and Fende(64) report thatE. fetidacan be found in manure test with ten worms weighing 600 mg each would consume
piles and usually not far from human activity. Fendéd) only 9 g of soil. High stocking densities, that is, gram
(classifying the two earthworms as different species instead aarthworm/gram soil, may increase the possibility that earth-
subspecies) states further that if the two earthworms are founglorms would ingest soil more than once, which may affect the
in the same manure pil&. andreiis usually found in dryer uptake (and therefore toxicity) of compoun@. Under high
areas thark. fetidaand is often most abundant in or below the stocking densities, the death of an individual earthworm during
soil contact region. Starter cultures might also be obtained test may also be more likely to influence the remaining
from various institutions, laboratories, and biological firms,individuals adversely. It is recommended that each test con-
although it is important to ensure a pure culture. Field-tainer hold 200 g (dry weight) of test soil. This amount is well
collectedE. fetidashould be identified using adult worms. The ghove the potential amount that ten earthworms would process
taxonomic key of Fendei64) may be useful for this purpose. in 28 days. If hazardous waste soils are being evaluated in a

A1.6 Handling—E. fetidashould be handled as little as laboratory setting, it is important to try to reduce the amount of

possible. When handling is necessary, it should be done oil being transported from field to laboratory and the amount
gently, carefully, and quickly as possible, so that the worms ar@f waste generated by the laboratory, both from an economical

not stressed unnecessarily. Any worms that are dropped &nd environmental viewpoint.
injured during handling should be discarded. A1.9.1.2 The duration of the test, with mortality as the
. . ) endpoint, is typically 14 dayg15, 56, 73, 74) with an
Al.7 Age—Tests withE. fetida should be started with g, q1uation at seven days being optional. Tests investigating the
sexually mature, fully clitellate adult, 7, 17, 47, 56)The  pinaccumulation of xenobiotics in field-collected soils have
blomass of earthworms in each test container should bfeen conducted for 56 days) without the addition of food,
obtained. but consideration should be made for the possible effect of a
Al1.7.1 Worms are selected randomly and removed by hanghck of food for time periods of this length (see A1.9.1.3 and
from a culture tray and weighed in groups of ten (see A1.9.111.9.5).
for each test container. Worms are purged of their gut contents (1) Loss in body weight and behavioral and morphological
prior to weighing only if weight loss is used as an endpoint (Seeendpoints such as coiling, segmental swellings, segmental

11.6.2.1). constrictions, lesions, rigidness, and flaccidness can be used

Al1.8 Acclimation—It is recommended that the test organ- successfully in toxicity testing75-77)
isms be cultured and tested at the same temperature (see 11.5A1.9.1.3 Growth and reproduction can be used as biological
Al.4, and A1.9.1.4) so that a period of acclimation to temperaendpoints in tests withE. fetida of longer duration, for
ture is not necessary. example, 140 day&1). The use of food must be considered in
A1.9 Toxicity Test Specifications: f;%-tserm growth and reproduction studies (seg A1.9.1.2 and
i ) o ) .9.5). The growth of young worms, rate of clitellum devel-
A1.9.1 Experimental Desiga-Decisions concerning the opment, number of cocoons produced, cocoon mass, number of
various aspects of experimental design, such as the number ghtchlings per cocoon, and biomass of hatchlings have all been
concentrations and number of test containers and earthwormgeqd as endpoints in research by Reinecke and Véhey
per concentration, should be based on the purpose of the teSalecki, et al (51), Van Gestel, et a(54), and Venter and
and the procedure used to calculate the results. _ Reineckg(78) with xenobiotics. The importance of controlling
A1.9.1.1 Neuhauser, et d@4) used a minimum of five gnyironmental factors such as pH, temperature, and moisture

concentrations, with four replicates for each test concentratiop,qient in growth and reproduction tests has been demon-
and ten worms per test container, for a definitive test i trated by Van Gestel, et &19).

artificial soil. Each test container consisted of a glass dish 6.5 .

cm in height and 12.5 cm in diameter (0.8 L) that containedf t,_A(\jl.g.lA Alghﬁughtﬁemba(:h ar}d Edi/éatrdz%)ogstedli.l 5

400 g (dry weight) of test soil. Haque and Ebi#y) used five ,;Ee' EZ?Srcigszf”thyeﬁ;sLi”ng ‘fN irf‘é‘gfet'i‘gg”'has geen Co(ﬁgﬁcte-d ),
trati ith th licates f h trati )

concentrations, wi ree replicates for each concentration a ithin the temperature range from 18 to 25¢€, 14, 30, 47,

six worms per container, for a definitive test in artificial soil.
Test containers were 1-L glass jars and held 500 g (dry weighf}®: 96: 74, 75)Van Gestel, et &79) report that a temperature
ange from 20 to 25°C is optimal fdg. fetida Kaplan, et al

of test soil. Greene, et §17) recommended a minimum of five

concentrations, with three replicates per concentration and tef2) report thate. f?tidasurvived best over the temperature
worms per container, for a definitive test in site soil mixed with@nge from 20 to 29°C and that mortality was produced at 5 and

artificial soil to make a “dilution” series. Test containers were33°C- A temperature range from 19 to 25°C is highly recom-

473-mL glass jars that held 200 g (dry weight) of test soil. mended for testing, but the temperature range must not fall
(1) It is recommended that a minimum of five concentra-Pelow 10°C(32) or above 29°Q72). (See Table A1.1.)

tions, with a minimum of three replicates per concentration, be A1.9.1.5 E. fetida has been tested under continuous light-

used for a definitive test. Ten worms per container is recoming and with a photoperiod of 12 h light and 12 h dark. A

mended. continuous lighting regimen is recommended in order to help

(2) Using the data on the rate of consumption of soil givenkeep the photosensitive earthworms burrowing. When mea-
in A1.2.1 and assuming that a 600-mg individual wouldsured, lighting intensity has been reported for toxicological
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TABLE Al.1 Test Specifications for the 14-Day  Eisenia fetida the earthworms. Using 2-Chloroacetamide and Benomyl in
Toxicity Test artificial soil with Eisenia fetidaHeimbach and Edward82)
Test Duration 14 days found that changes in the water content of the artificial soil
?;‘;'f;g;f;"t'u?;‘dp‘”“‘ Mortaly from 17.5 to 51 % of its dry weight had little influence on the
Photoperiod 24 h/400 to 1080 Ix toxicity of the chemicals.
Test containers 478-mL glass jars (b) A sediment can be defined as a naturally occurring

particulate material that has been transported and deposited at
the bottom of a body of water, or an experimentally prepared
testing withE. fetidafrom 37 to 100 fc (400 to 1080 Ix). A substrate within which the test organisms can interact (see
minimum of 37 fc is recommended for testing (see Table Al.1)Guide E 1383). The definition of a soil as defined within this
A1.9.2 Test Containers-Glass testing containers have beenguide (see Section 3) indicates that a soil is not usually covered
used by most researchers with. fetida Glass, 473-mL by water. It is sometimes difficult to distinguish between a soil
canning jars are convenient and have been used successfulliid a sediment that has been dried out or deposited on dry land.
with 200 g (dry weight) of test so{{17). Canning jar lids may Although earthworms can survive in a sediment for the
be used for a cover and held in place with the screw ring. Aduration of the test if the dissolved oxygen content is adequate,
small (1- to 2-mm) hole should be placed in the center of thesarthworms are not recommended for the evaluation of sedi-
lid to allow for air exchange. ments, that is, sediments taken from below a body of water.
A1.9.3 Day Prior (Day - 1) to Initiation of Test (2) Tests With Site Soil Diluted With Artificial SedThe
A1.9.3.1 Test soils are hydrated and mixed well intoartificial soil portion of each concentration is hydrated to 35 to
batches, separated into replicates, and placed into test contais 9% of its dry weight. The site soil portion of each concen-
ers that are placed into the test chamber for overnight equilitration is hydrated as irlf above. These two portions are then
bration (see 11.2). No standing water should be present in th@ixed together to form the batch for each concentration from
test containers. If a site, reference, or artificial soil is spikedwyhich the replicates are taken.
with chemicals or compounds in solution, the solution is used (3) Tests With Artificial Soil Spiked With Compourds a
as part of the hydration water. series of concentrations is prepared by spiking artificial soil
(1) Tests With Whole (100 %) Site or Reference-Stfithe  with solutions of compounds, the artificial soil is hydrated to
negative control is artificial soil, it is hydrated to 35 to 45 % of 35 to 45 % of its dry weight with test water and the chemical
its dry weight, for example, 660 g (dry weight) would be splution combined to make the necessary amount of hydration.
hydrated with 231 to 297 mL of water. The site and referencef a series of concentrations is prepared by spiking artificial soil
soils are also hydrated to 35 to 45 % of their dry weight. Sinceyith dry chemicals, the chemical is first mixed into the
most soils collected in the field contain some moisture, thisrtificial soil very well. The artificial soil is then hydrated with
moisture content is obtained and used for determining howest water, and the batch is mixed again very well before being
much additional water to add to the soils to gain a hydrationseparated into replicates.
level of 35 to 45 %. A1.9.4 Earthworms are introduced to the test containers the
(@) Hydrating soils to a standard level is problematic.day after the equilibration period (Day 0). Groups of ten
Because of the variation in water holding capacity (influenceckarthworms must be assigned randomly to the individual test
by factors such as soil texture, structure, and organic mattejontainers. Earthworms are removed from the culture trays and
content) between soils, one soil may appear very wet and evegeighed in groups of ten to obtain the total biomass per
have standing water on the surface after hydration to 45 % ofontainer. The earthworms are placed on the surface of the soil
its dry weight, and another soil may appear considerably dryef the container and allowed to burrow (see 11.3). The test
after the same level of hydration. An alternative method forcontainers must be placed into the test chamber randomly.
hydrating site and reference soils is to use the artificial soil A1.9.4.1 The worms are purged before weighing if weight
when hydrated at 45 % of its dry weight as a standard. The sitRss is to be an endpoint (see 11.6.2.1).
and reference soils can be hydrated to a level approximating A1.9.5 Feeding—It is recommended that food not be added
the appearance of the artificial soil. Another alternative is tao test containers for tests28 days in duration (see 11.7).
measure the water holding capacity of the soil and then hydratstafford and Edwardés) suggest that the results of a test may
the soil to 75 % of the water holding capacity val(7).  pe affected by the addition of food due to potential binding
Measuring the water potentigB0), for example, using a properties of the feed and potential selective feeding by the
tensiometer, of the soil may prove to be a better method ogarthworms. In tests longer than 28 days, the use of food may

hydrating soils. The water potential of artificial soil hydrated tohave to be reevaluated, depending on the purpose and end-
35 to 45 % of its dry weight could be determined. Soils couldpoints of the test (see A1.9.1.2 and A1.9.1.3).

be hydrated to the water potential value obtained for the

artificial soil using this as a standard. Some variation in the A1.10 Biological Data—Observations may be made at 24
moisture content between soils being evaluated may be acceitto evaluate burrowing or non-burrowing without opening the
able based on the results of the research noted immediatelgst containers. Mortality and sublethal evaluations may be
below. Studies by Stafford and Edwar@j with Eisenia fetida evaluated on a weekly basis. At the end of the test, the test
and five different soils found that a variation in moisture containers are emptied onto a flat surface, and the earthworms
content of 25 to 45 % (presumably moisture content on a weare accounted for and evaluated (see 11.9). Mortality is defined
weight basis) made little difference in the rate of weight loss inas a lack of response to a gentle mechanical stimulus, for
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example, touch with a small spatula or glass rod, to the anterior A1.11.1.1 At the conclusion of a test with a series of

end of the worm(37). Earthworms may die and decompose concentrations, the pH is checked in subsamples of soil from
within a 14-day testing period, so if all of the individuals are one of the replicates of the control (and reference soil, if used),
not accounted for at the end of the test, it may be assumed thaigh and low concentrations. It is preferable that a replicate
they died and decomposed completely. Surviving worms mawithout any mortality be used for pH because the process of
be rinsed with test water and evaluated for behavioral andecay may alter the pH. If a test with undiluted site soils has
external pathological endpoints. The following endpoints havgyeen terminated, a sample for pH is taken from one replicate of
been used in various studies: non-burrowi§), segmental g4ch soil plus the control (and reference soil, if used). Care

swelling (6, 47, 77) lesions/ulcerg6, 47, 77) coiling (6, 47, ghqyid be exercised to avoid a sample of soil containing dead
75), shortening/stiffening6, 47, 77, 81)flaccid/elongated6, WOrms.

77), segmental constriction&5, 77) and tail end autotom . . L
) g iction& ) I ! y Al1.11.2 Percent Moisture-If a concentration series is be-

82). Other endpoints may be developed.

( A)l 101 If p ht | y bei pd dpoi h ing tested, the initial moisture content may be measured in the
S \;\;]e|g t ossh|s Ide'gg use h a; anden pow:jt, t Ehigh and low concentrations. If a number of different undiluted

surviving: eartnworms  shou € washed and purge (Segte soils are being tested, moisture content measurements will

11.6.2.1) before weighing. . .
A1.10.2 An E. fetida soil toxicity test, independent of have already been measured on the site soils (see 9.4.3).

duration, is unacceptable if the mean survival of all negativé\/loISture content may also be m?"_"sured_ n the_negatwe cont_rol
control containers is less than 90 % (see Section 13) (and reference soll, if used). Initial moisture is measured in
' subsamples taken from the batch preparation for each treatment

Al.11 Test Measurements: and is determined gravimetrically.

Al.11.1 pH—If a concentration series is being tested, the A1.11.2.1 Atthe end of the test, moisture may be measured

initial pH should be checked in the high and low concentrationsn one of the replicates of the high and low concentrations and
at a minimum. If a number of different undiluted site soils arethe negative control (and reference sall, if used).

being tested, pH should have already been measured in each
' Al1.11.3 Temperature-A copy of the temperature graph (or
soil (see 9.4.3). pH shou!d .also be mtla.asured. in the negat %mperature/humidity graph) may be attached to the paperwork
control (and reference soil, if used). Initial pH is measured in o
. t the termination of the test (see 11.6.1).
a subsample taken from the batch preparation for each treat-

ment.
A2. ARTIFICIAL SOIL COMPOSITION

A2.1 The artificial soil (AS) used in this test was developed A2.1.1 After these materials are mixed together, an amount
with the advice of pedologists to overcome the variabilityof calcium carbonate (99 % purity) equal to approximately
between different soil types and has an adsorptive capacity.4 % of their total weight is added to the mixture to adjust the
resembling typical loam soilg37, 107) The following con-  pH to 7.0+ 0.5. The exact amount of calcium carbonate used
stituents are mixed together on a dry weight basis: will depend on the pH of the peat moss used. For example, 50
(1) Canadian sphagnum (Sphagnum) peat moss (that portion passing 10 % kg of AS would have 200 g of calcium carbonate added to it.

through a 2.36-mm screen) The materials and source of the materials need to be standard-

(2) Kaolin clay (97 % kaolinite with a particle size under 40 pm) 20 % . .
(3) Silica sand (Grade 70, 97.1 % particle size of 0.053 to 0.3 mm) 70 % ized as much as pOSSIb|e.

A3. BIOACCUMULATION TESTING USING EISENIA FETIDA

A3.1 Scope: information on bioavailability and contaminant mobility of
specific chemicals from soil to the soil dwelling earthworms,
and the potential for contaminant movement to higher organ-
isms (birds, mammals, fish, amphibians, reptiles, and insects)
linked to worms in the food web.

A3.1.1 This annex covers the additional procedures re
quired to perform arktisenia fetidabioaccumulation test.

A3.1.2 Significance-Eisenia fetidabioaccumulation test-
ing. Bioavailability can not be determined from chemical

analysis of the soil alon¢83). Earthworm bioassays are an  A3.2 Culture of Test OrganismsEarthworms are obtained
important tool to determine soil toxicity, and potential bioac-through either culture procedure (see A1.9.1.4) or ordering
cumulation with respect to the chemical availability in soil. A earthworms. A recent study has shown that reasonable control

method to determine chemical bioavailability and mobility charts have been maintained with earthworms from an outside
using the earthworniisenia fetidahas successfully evaluated source(85).

the following chemicals; metals, PAHs, PCBs, pesticides, and
butyltins (2, 9, 84, 86-90, 93)The bioaccumulation assay adds A3.3 Age—Tests withE. fetidashould use sexually mature
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fully clitellate earthworms (see A1.7). concern are added to the test cylinder. Test containers have
accommodated up to 30 g-{5 earthworms)/cylindef90).
A3.4 Acclimation—See 11.5, A1.4, and A1.9.1.4). A3.5.5 Day (28) Test BreakdowOn Day 28, earthworms
are removed, rinsed with test water, blotted, counted, and
A3.5 Test Specifications: weighed. Depuration of the earthworms is then recommended

A3.5.1 Experimental Desiga-Decisions concerning the for 24 h on moist filter paper. Earthworms are then rinsed,
various aspects of experimental design, such as the number EWeighed, and frozen in preparation for chemical analysis.

replicates, the number of test containers, and the mass of

. .~ A3.6 Feeding—Test materials used have been primarily
earthworms, ShOl.JId be basgd on the amount of tissue mate“ghriched dredged material, therefore, not requiring an addi-
needed for chemical analysis.

: . . tional food sourcé2, 9, 84, 86, 87, 88, 89, 90%oils with less
A:.3'5'2 Test Material—Test materla_ls used_hav_e been pri- nutrients tested with this procedure may require added food
marily enriched dredged material. Soils used in this method arg e to test length(92). Any food added would need to be

the following: 50|I§ collected from potent|ally_contam_|nated chemically analyzed for concentrations of contaminant(s) of
sites, reference soils collected from uncontaminated sites, arl:%ncern (See A1.9.1.2 and A1.9.1.3)

a negative control material such as earthworm culture media

for use in evaluating test acceptability. _ A3.7 Quality Control Parameters-Temperature, pH, per-
A3.5.3 Test Containers-Test material is placed in transpar- cent moisture, and salinity should be controlled and monitored
ent plexiglass cylinders 30 cm deep and 15 cm in diameter. Thiroughout the test. Ideally these parameters should be the
cylinder ends are closed with a 17-cm in diameter PVC andame as in the field, and within the range of the earthworms
either 340-um Nytex mesh or cotton muslin cloth. The bottomemperature, and pH requirements. Acceptable temperature
end is then placed in a 20-cm diameter plastic dish of test watghnge is from 10 to 29°C with a recommended range of 19 to
to allow water movement into the substrate and allow earthogec Acceptable pH range is between 4 and1T). Recom-
worms to move into areas of optimum moisture. (See Figmended photoperiod is 24 h within 100 to 1080 Ix. This is the
A3.1) - same photoperiod suggested for the toxicity test. It is recom-
A3.5.4 Day (0) Test Initiatior—A random sample of earth- yended to prevent earthworm escape, encourage maximum

worms should be analyzed for the chemical(s) of concern as gposure to test material, and to discourage contact with
Day 0 background tissue sample. The Day 0 background tissygntainer sides. (See Table A3.1.)

sample is used to determine chemicals present in earthworms
before the test and should not be confused with any negative A3.8 Chemical Analysis:

control or reference tissue samples which are exposed to testa3 g 1 Test Material Analysis-All test materials should be

cylinders for the full 28 days an;j serve to determine tesa e for the chemical(s) of concern before test initiation.
acceptability. If greater than 10 % mortality is seen in a A3 g5 Tissue Analysis-A random baseline tissue analysis

negative control or reference test containers than that test |§ herformed on Day 0 and all tissues exposed to test cylinders
considered invalid and is rerun. If the test fails a second time, .o analyzed on Day 28.

it is assumed that the earthworms can not survive in the given 53 g 3 Analytical Methodology-See Section 12.
soil and therefore contaminant bioaccumulation in the earth-

worm is not a concern. Prior to testing, earthworms are rinsed A3.9 Test Evaluation-This bioassay has been used suc-
with test water, and placed on paper towels to remove excesgssfully in evaluating contaminant bioavailability and mobil-
water. On Day O the mass of earthworms needed for th@y on several project€, 9, 84, 86, 87, 88, 89, 90, 93)ata are
particular chemical analysis procedures for the chemical(s) dfeported in tables comparing whether the chemical concentra-
tions of Day 28 tissue exposed to the test soil are significantly
different from the Day 0 tissue baseline analysis, and the Day
28 tissue exposed to the reference soil. If significantly different,
the Day 28 tissue chemical data are discussed as the magnitude
above either the Day 0 tissue baseline analysis or the Day 28
COTTON MUSLIN tissues from the reference soil (that is<, 25X, 10x). Other
15-cm PLEXIGLASS CYLDER approaches for evaluating data include kinetics studies with
TEST MATERIAL estimate uptake, depuration rates, and time to steady state, lipid

— 16-cm PWL: RENG

EARTHWORMS
TABLE A3.1 Test Specifications for the 28-Day  Eisenia fetida
Bioaccumulation Test

Test Duration 28 days
Biological endpoint contaminant accumulation
Temperature same as field condition if within 10 to 29°C
Photoperiod 24 h/100 to 1080 Ix
pH same as field condition if within 4 to 10
% moisture same as field condition
Salinity same as field condition
FIG. A3.1 Diagram of the Test Container for the Bioaccumulation Test containers plexiglass cylinders

Test (see A3.5.3)
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normalization and normalizing soil concentrations of non-ionic(92). This variation is conducted with Bermuda grass planted
organics to TOC (see Guide E 1688). Analysis of field col-in the cylinderg90). The procedure differs as follows; On day
lected organisms is also an option. 0, 1 gm of Bermuda grass seeds are spread over the cylinder
o o surface. Seeds are covered with 1 mm of peat moss and lightly

A3.10 Test Variations—Variations on the above procedure \yatered with RO water. Each cylinder received 125 mL of a
have also been successfully used. dilute (600 mg/L of water) solution of soluble plant food

A3.10.1 Anin-situ bioassay using the same procedure ag13-13-13), during the first two weeks to enhance seed sprout-
above with a 7.5.1 polyethylene bucket with screen-coveredhg. Excess water collecting in plastic trays was poured off. On
holes in the base and lid to allow air and water but notDay 30 earthworms are added. On Day 60 Bermuda grass is
earthworm exchange. Test containers were implanted 25 cimarvested, earthworms are counted, weighed, and both are
deep (soil level) and filled with the material removed from theprepared for chemical analysis. The following alterations are
hole (86). made in the temperature and lighting test conditions to promote

A3.10.2 Another variation was developed with the recom-grass growth: temperature 22°C (night) to 29°C (day), accept-
mendations to add a more realistic approach to field disposalble lighting for this study is 400 lux illumination for a period
site conditions by considering effects of natural site vegetatiof 14 h light/10 h dark.

A4. ENCHYTRAEIDAE REPRODUCTION TEST

A4.1 Scope depending on nutrition, between 10 and 35 mm.

A4.1.1 This standard annex of Guide E 1676 covers the A4.3.1 E. albidusis found in marine, limnic, and terrestrial
additional or modified procedures required to perform arhabitats worldwide, mainly in decaying organic matter (sea-
Enchytraeid Reproduction Test (ERT) from Guide E 1676 forweed, compost) and rarely in meado(@$, 115) The worms
Conducting a Laboratory Soil Toxicity or Bioaccumulation can be kept for up to four days in wat@rll). In general, many
Test with the Lumbricid Earthworrkisenia fetida species of the genusnchytraeusare known to be among the

first enchytraeids colonizing new biotopes or belong to the

A4.2 Significance-Enchytraeus albidus(Henle, 1837),  qominant species at disturbed sites (for example, urban soils)
Oligochaeta, has been selected (together with other species @h 5y while others can be found in all other terrestrial habitats

the genusEnchytraeup as a test species for the following 55 \vell as in limnic and marine sedimerf®s, 101, 102)
reasong104-106, 118)(1) it has a short generation tim¢Z) A4.3.2 The rate of organic matter consumption in the
it reproduces very well in the laboratorgs) it can easily be  |aporatory forE. albidusis not known. The specific sources of
kept and cultured in the laborator{4) data on it's survival, prition for this species are not well understood. It is known
growth, and reproduction are available from the literat@®; 15t the worms can take up amino acids directly from the
it is a representative of an ecologically relevant family of SO"surrounding aquatic phag@08), that they feed on microor-

organisms, especially in acidic so{84). E. albidusseems t0 anisms (especially bacteria) from decaying organic material
be sensitive towards different anthropogenic stress factors lik ncluding dead earthworms), and that they are even able to

pesticides or heavy meta(87-100) It has been used success- gyide leaves and digest this nearly intact plant mateiz6)

fully as alabp_ra}tory t.est organism ip many_testingl media, folgften mineral debris is taken up along with the organic
example, artificial soil(104), contaminated field soil§109), material.

sedimeni(110), agar(105), and watel(111). Basic information
on the ecology and ecotoxicology of enchytraeids in the

gelrgesslt{igl ialironment can be found in R€¥, 95, 96, 104, 4o Enchytraeussp. (order Oligochaeta, class Clitellata,
' ' ) phylum Annelida). Henle (1837) scientifically described it as

A4.3 Life History—Like E. fetida the life cycle of E.  the first member of the new family Enchytraeidae. In the
albidus and other species of this genus can be divided intgn€antime, approximately 116 species have been described in
three phaseg1) the cocoon phasé2) the juvenile (immature) the genusEnchytraeussp. worldwide, but many of these
phase(3) and the adult (mature) phase (see Al.2). Its life cycledescriptions are not valid. The taxonomic status of nearly all
is short as maturity is reached between 33 days (at 18°C) arfgnchytraeuspecies has to be revised. Species determination is
74 days (at 12°C); that is, from freshly deposited cocoorP_nly poss@le morphologically, if at all, WIFh adult animals
through clitellate worm and deposition of the next generatiorsince juveniles do not have sexual organs like sperm dEcts.
of cocoons(104, 105) In the case oFE. albidus reproduction ~ @lbidusis not only the type species for the whole family but -
is strongly inhibited at temperatures higher than 22 to 25°calso the best known species, which has been used in ecotoxi-
whereas other, mainly smaller, species of the same gen®logy. physiology, biochemistry, and genetics for more than
produce cocoons at temperatures between 25 and @1y~ 0 years.

Despite the fact thaE. albidusindividuals have been kept  A4.4.1 Some morphological features Bf albiduscan be

under optimal laboratory conditions for more than 1.5 years, aguite variable, especially the spermatheca. So, considering its
age of less than one year is more usual in the field. The lengtwide geographical and ecological range, it has been proposed
of an adult E. albidusis usually 15 mm, but can vary, thatitis actually not one but a group of closely related species.

A4.4 Taxonomy—The test speciel. albidusbelongs to the
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However, no evidence of this has been found up to now, e.g. binfections by flour mites (for exampleGlyzyphagussp.,
means of biochemical or genetic metho#s.albidusshows  Astigmata, Acarina) or predaceous mites (for examplg;
some morphological features which are easy to detect even f@oaspis(Cosmolaelapsmiles Gamasida, Acarina). None of
those not experienced in enchytraeid taxonomy. This specidhese animals in low numbers appears to be a problem for
can be distinguished quite easily from all other species in théealthy worms. After this procedure, the food can be ground up
genusEnchytraeus (1) it is the largest species of this genus so that it can easily be strewn on the soil surface. Another
(except some subantarctic speci€R),it is the only terrestrial possible food source is baker's yeast or the fish food “Tetra-
species having four setae per bundle in at least some segmemntn.”
(usually in the head region), arf@) it has a very unique and  A4.5.5 In general, the culturing conditions are sufficient if
quite and has an obviously long seminal duct, which extendsvorms(a) do not try to leave the substrats) move quickly
through the clitellum region and several segments beyonthrough the soil(c) exhibit a shiny outer surface without soil
(103, 104) particles clinging to it(d) are more or less whitish colored, and
A4.4.2 When in cultures, because of slight differences in(e)if worms of different ages are visible. Generally, worms can
their ecological demandg. albidusis outnumbered by other, be considered to be healthy if they reproduce continuously.
usually smaller and faster reproducing species of this genus. o )
Such animals can only determined by specialists, since very A4.6 Obtaining Brood Stock-E. albidus starter cultures
often not only morphological but also enzymatic parameter&an be obtained frorti) Iaboratprles or universities working in
are necessary. Therefore, when another species has to Bl €cology and2)local aquarium stores. In the latter case, an
selected for testing purposes, only worms from a well-define@XPert should confirm species determination.
source should be used for this purpose. Some helpful guidance

on species determination can be found in Nielsen and Chri§/—vOrms The . . :
X . y should have eggs (white spots) in the clitellum
tensen(102) and Bougouenec and Gia(il7) region, and they should have approximately the same size (

A4.5 Culture of Test OrganismsSince the beginning of cm). Synchronization of the breeding culture is not necessary.
this century, at leasE. albiduswas bred as fish food to be used

i ia(118). E I "fiel le” | ] S .
in aquaria(118) Even cultures on a "field scale” were recently possible. When handling is necessary, it should be done as

considered in Canada, Russia, and France (for exarhp8g, . :
. ) gently, carefully, and quickly as possible, so that the worms are
A4.5.1 E. albidus(as well as otheEnchytraeuspecies) can ot stressed unnecessarily. Any worms that are dropped or

be bred in large plastic boxes (for example, 30 by 60 by 10 cMyyiyred during handling should be discarded.
filled with a mixture of artificial soil and natural, uncontami-

nated garden soil. Compost material should be avoided since it A4.9 Selection and AcclimatizatierBefore testing, the
could contain toxic substances like heavy metals. Fauna shoukhchytraeids should be acclimated to the soil used for the tests
be removed from the breeding soil before use. Pure artificialinder the test conditions (including feeding) for at least 24 h.
soil can also be used but the reproduction rate could be slowek higher number of adult worms than that needed for perform-
compared to that obtained with mixed substrates. The substraiieg the test is used. At the end of the acclimation period, only
should have a pH of 6.6 0.5. worms with eggs and showing no behavioral anomalies (for

A4.5.2 The culture should be kept in an incubator at aexample, trying to escape from the soil) should be selected for
temperature of 15- 2°C without light. A temperature higher the test. The selected worms are placed in a petri dish filled
than 23°C should be avoided. The artificial/natural soil moiswith a small amount of water to be observed with a stereomi-
ture should be moist but not wet. When the soil is gentlycroscope and the animals that have no eggs are discarded.
pressed by hand, only small drops of water should appear. IRreshwater is preferred to demineralized water or tap water
any case, anoxic conditions should be avoided (e.qg. if a lid igpossible copper contamination) which could be harmful to the
used, the number of lid holes should be high enough). Thenchytraeids. The other organisms living in the cultures such as
breeding soil can be aerated by carefully mixing it once pemites, should also be removed.
week.

A4.5.3 The worms can be fed approximately twice a week A4.10 Toxicity Test Specifications
with a proper amount of oatmeal flakes (rolled oats) which are A4.10.1 Introduction—This test is designed to assess the
strewn on the soil surface or carefully mixed into the substrateffects of chemicals on the reproductive output of the
at least every two weeks. If food from the last feeding dateenchytraeid worm Enchytraeus albidys It is based princi-
remains on the soil surface, the amount of food given should bpally on a method developed by the Umweltbundesamt,
adjusted accordingly. If fungi grow on the remaining food, it Germany (104). Other methods for testing the toxicity of
should be replaced by a new quantity of rolled oats. From timehemicals to Enchytraeidae and other earthworms have also
to time, the rolled oats can be supplemented with commerciallpeen considered105, 106) Adult enchytraeid worms are
purchased vitamins, milk and cod liver oil. After three months,exposed to a range of concentrations of the test substance
the animals can be transferred into a freshly prepared culture onixed in an artificial soil. The test can be divided into two
breeding substrate. No carrying capacities have been calculatsteps:(a) a range-finding test in which mortality is the main
so far. endpoint assessed after two weeks exposurélaraddefinitive

A4.5.4 The rolled oats, which should be stored in sealedeproduction test in which the total number of juveniles
vessels, can be autoclaved or heated before use to avomloduced by parent animals and the survival of parent animals

A4.7 Age—The animals used in the tests should be adult

A4.8 Handling—E. albidusshould be handled as little as
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are assessed. The test duration is six weeks. After the first thr@e test soil (that is, without the parent worms and containing
weeks the adult worms are removed and morphologicathe cocoons laid down) is incubated for three additional weeks
changes (for example,. open wounds) are recorded. After amnder the same test conditions, including food supply until
additional three weeks, the number of offspring, hatched fronDay-28.
the cocoons, is counted. The reproductive output of the animals a4 10.3.2 After six weeks, the newly hatched worms are
exposed to the test substance is compared to that of thgpjated and counted using Bengalred staining (see A4.10.9;
control(s) to determlne_the no observed effect concentra}tloqzo)' Wet (but not heat) isolation techniques have proved to be
(NOEC)_. As far as possm!e, the data are also a_nalyzed usindjitable(104, 107, 113jand may also be used. However, the
regression model to estimate the concentration that wouldethod using Bengalred is preferred since the wet isolation
cause a x % reduction in reproductive output, that is, ECX (fok,om, a soil substrate is hampered by the clay particles that
example, EGo EGso)- make the water turbid.

A4.10.2 Design for the Range-Finding-TestVhen neces-
sary, a range-finding test should be conducted with fivq
concentrations of the test substance. One replicate for eag|

treatment and the control is desirable. The main endpoint 'ﬁwg/kg to demonstrate that the NOEC or the,E®r repro-
1

mortality. . duction is greater than this value. The number of replicates
A4.10.2.1 The test duration is two weeks. At the end of thegp 14 pe eight for both the test concentration and control.

test, mortality of the worms should be assessed by carefully

searching the substrate for surviving individuals (for example,

using a spatula). An animal is recorded as dead if it does ncﬁlass or other chemically inert material. The test vessels are
respond to a gentle mechanical stimulus to the front enogIaSSjars_wnh glasslld§ (volume: 0.20t0 0.25 L; diamete:
Moreover, changes in behavior (for example, inability to digcm)' The lids allow for air exchange and they also reduce water

into the soil; lying motionless against the glass wall of the tesEvapPoration. Normal laboratory equipment and especially the

vessel) and in morphology (for example, open wounds), shoulfpllowing should be used_: drying cabinet; stereomicroscope;

be recorded. Likewise, the presence of juveniles can peH .and lux meters; suitable accurate balances; adequate
observed by using the staining method (see A4.10.9). This wilfduipment for temperature control; adequate equipment for
help select the test concentrations for the definitive test. ~ humidity control; incubator or small room with air conditioner;

A4.10.2.2 Probit analysi€l21) should be applied to deter- ]t_awelers tweezers, hooks, or loops; and photo basins with
mine the LG, In case of failure (for example, if data from less 1PP€d bottoms.
than three concentrations with partial kills are available), A4.10.5 Test Substrate-Other potential test substrates are
alternative methods can be used such as moving ave{h22s (2) reference soils or potentially toxic site soil®) artificial,
or simple interpolation (for example, geometrical mean of, LC reference, or site soils spiked with compoun(8; site soils
and LG, as computed by the square root of J@ultipli- diluted with reference soils; ¢#) site or reference soils diluted
cated by LGo). with artificial soil.

A4.10.2.3 The LG, should be used to determine the con- A4.10.5.1 The composition of artificial soil is described in
centration range for the definitive test. The NOEC or thg EC detail in Annex A2(107). The dry constituents of the soil are
for reproduction are assumed to be lower than the U6y a  mixed thoroughly (for example, in a large-scale laboratory
factor up to ten. However, this is an empirical relationship andmixer). This should be done about one week before starting the
it might be different in a given case. Therefore, additionaltest. The mixed soil should be stored for at least two days to
endpoints or observations or both in the range-finding testequilibrate/stabilize the acidity. For the determination of pH, a
such as the occurrence of juveniles, can help refine the testixture of soil and 1M KCI solution in a 1:5 ration is used. If
concentration range to be used for the definitive test. the pH value is not within the required range (6:00.5), a

A4.10.2.4 If a more accurate determination of theb &  sufficient amount of CaCQis added or a new batch of soil is
required, the test should be performed using eight concentrgrepared.
tions of the test substance, with four replicates for each test A4.10.5.2 The maximum water-holding capacity (WHC) of
concentration and eight replicates for the controls. the artificial soil should be determined. One or two days before

A4.10.3 Definitive Reproduction TestThe endpoint is fe- starting the test, the dry artificial soil is moistened by adding
cundity (for example, the number of juveniles produced). As inenough deionized water to obtain approximately half of the
the range-finding test, all other harmful signs should befinal water content, that is, 40 to 60 % of the maximum WHC
recorded. Three options for the design for the definitive(corresponding to 56 10 % moisture dry mass). At the start
reproduction test are described in 14.7. of the test, the premoistened soil should be divided into as

A4.10.3.1 Ten adult worms per test vessel should be usednany batches as the number of test concentrations and controls
The animals are fed at the beginning of the test and then onag¢sed for the test, and the moisture content should be adjusted
a week. After 21 days, living adult worms are counted ando 40 to 60 % by using the solution of the test substance or by
changes in behavior (for example,. inability to dig into the soil;adding distilled or deionized water or both. The moisture
lying motionless against the glass wall of the test vessel) and inontent should be determined at the beginning and at the end of
morphology (for example, open wounds) should also behe test (at 105°C). It is be optimal for the worms’ life (the
recorded. Then, all adult worms are removed as in A4.10.2.Imoisture can also be checked as follows: when the soil is

A4.10.3.3 If no effects are observed at the highest concen-
ation in the range-finding test (that is, 1000 mg/kg), the
production test can be performed as a limit test, using 1000

A4.10.4 Equipment—The test vessels should be made of
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gently squeezed in the hand, small drops of water shouléhto the soil (for example, small pieces of soil can be moved to

appear between the fingers). the top of the oat flakes). The flakes should not be completely
A4.10.5.3 Effect of Grain Size, Organic Carbon, and Mois- incorporated, since this procedure might harm the worms. In

ture on the Test OrganismsThe potential effects of these soil case the worms do not consume the whole food provided, food

properties on test organisms are not known. This limitation issupply should be reduced accordingly to avoid fungal growth

especially important when using field-collected soils for whichor molding.

no reference control soil (that is, an uncontaminated soil A4.10.9 Isolating Techniques for Juvenile Worms

having the same properties as the test soil) is used. A4.10.9.1 Staining with Bengalreg-This method, origi-
A4.10.6 Test Groups and ControlsFor each test concen- nally developed in limnic ecology, was first proposed for the
tration, an amount of test soil corresponding to 20-g dry weightounting of juvenile enchytraeids in the enchytraedae repro-
should be placed into the test vessel. Controls, without the tegfyction test by W. de Coe(120) Independently, a modified
substance, are also prepared. Food is added according y@rsion (Bengalred mixed with formaldehyde instead of etha-
A4.10.8. In each tr—;st vessel, ten worms shogld pe placeﬁo|) was developed by RIVM Bilthove(iL06). At the end of
carefully on the soil surface (for example, using jeweler'sthe definitive test (thati is, after six weeks), the artificial soil in
tweezers, hooks, or loops). The collected worms are randomljhe test vessels should be transferred to a shallow container (for
allocated to test vessels. The number of replicates for tesdxample, a Bellaplast vessel or to a photo basin with ribbed
concentrations and for controls depends on the test_desiggbttom) and the juveniles are fixed with ethanol (approxi-
used. All test vessels should be randomly placed in thenately 5 mL per replicate/vessel). Then the vessels should be
incubator and they should be moved every week. filled with water up to a layer of 1 to 2 cm. Afterwards, a few
A4.10.6.1 If a solvent is used for application of the testdrops (200 to 300 mL) of Bengalred (1 % solution in ethanol)
substance, one control series containing the solvent should kgould be added (0.5 % eosin might be an alternative) and the
run in addition to the test series. The solvent or dispersaniyo components are mixed carefully. After 12 h, the worms are
concentration should be the same as that used in the test Vessgﬁnpletely reddish colored. Now it is very easy to count them
containing the test substance (see 9.5.3.4). Alternativly, onlpecause they are lying on the surface of the substrate. Another
the highest solvent concentration can be tested. possibility is to press the substrate/alcohol mixture through a
A4.10.7 Test Conditions-The test temperature should be sieve (mesh size: 0.250 mm) before counting the worms. The
20 £ 2°C. To avoid worms escaping from the soil, the tests aréaolinite, the peat, and some sand grains are lost and the
carried out under controlled light-dark cycle of long-day reddish colored worms are easier to see. The use of illuminated
conditions (preferably 16t8 h at 400 to 800 lux in tharea of  lenses (lens size at least 100 by 75 mm; magnification factor 2
the test vessels). to 3X) also facilitates counting the already reddish juveniles.
A4.10.7.1 The vessels should be covered with glass liddhanks to this improvement, the counting time is reduced to a
which help reduce water evaporation. To check the soifew minutes per vessel. Using the staining method, the vessels
humidity, the vessels should be weighed at the beginning of thef one test can be assessed by a single person within one day
test and furthermore once a week, and the weight loss shoul@aximum two days) some hours or days after the end of the
be replenished with the appropriate amount of deionized watefest.
Loss of water can also be diminished by keeping a high air A4.10.9.2 Wet Removal of Juvenile Worrfid 2, 113}-The
humidity (>80 %) in the test incubator. removal of juvenile worms should be started immediately after
A4.10.7.2 The moisture content and the pH should beéhe end of the test. The artificial soil of each test vessel should
measured at the beginning and the end of both the rangde placed into a common plastic or stainless steel sieve. The
finding test and the definitive test. This should be done using asieves are put in plastic bowls without touching the bottom.
additional sample of the test soil containing no worms. TheThe bowls are carefully filled up with water until the samples
same amount of food as in the other vessels should be addeditothe sieves are completely under the water surface. To ensure
these additional vessels at the beginning of the test; indeed, tlderecovery rate of more than 90 %, the removal should occur
measured parameters may be influenced by the soil microbiatithin three days at 2& 2°C (that is, the worms have enough
activity. It is not necessary to add food to these vessels durintjme to move from the soil through the sieve into the water).
the test. Once the worms are isolated, the sieves are removed and the
A4.10.8 Feeding—Any food capable of maintaining the water (except for a small amount) is slowly decanted. The
enchytraeid population can be used. Commercially purchasegediment at the bottom of the bowls should not be disturbed.
rolled oats, preferably autoclaved before use to avoid microbial hen the plastic bowls are shaken slightly to suspend the soil
contamination (heating is also appropriate), were found to b& the overlying water, which is transferred to a petri dish. After
suitable. For each test vessel, the first feeding should be madéarification of the water (that is, the soil particles have settled),
by mixing 50 mg of ground rolled oats with the soil containing theé enchytraeids can now be collected out of the petri dish
the test substance before placing the worms. Afterwardg/nder a stereomicroscope using a softsteel forceps.
weekly food supplies, consisting of 25 mg of ground rolled A4.10.9.3 Flotation—Alternatively according to a note by
oats per vessel, should be given, except after 28 days (feedif®y Kuperman (U.S. Army), the following procedure is also
is not necessary since the juveniles are too small), by puttingossible(128) After fixing the content of a test vessel with
the food on the surface of the soil taking care not to injure theethanol, the artificial soil is flooded with Ludox (AM-30
worms. To reduce fungal growth, the oats flakes should be sungolloidal silica, 30 wt. % suspension in water) up to 10 to 15
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mm above the soil surface. After thoroughly mixing the soil cultures. Since this species has not been found to exist with
with the flotation agent, the juvenile worms floating on thecertainty in the field up to now, its ecological requirements are
surface can easily be counted after 2 to 3 min. not known.

A4.10.10 Test Acceptability Requirements-or the test to  A4.10.12.3 Enchytraeus buchholzi (Vejdovsky 1879his
be valid, the following performance criteria must be met in thename probably covers a group of closely related species which
controls:(1) the mortality does not exceed 20 % at the end ofare morphologically difficult to distinguish. Therefore, its use
the range-finding test and after the first three weeks of thgs not recommended until the animals used in a test are clearly
reproduction tes{(2) the average number of juveniles is higher described. From an ecological standpoint, these animals are
than 25 per test vessel at the end of the test, assuming that {8ually found in meadows and disturbed sites like roadsides.
adult worms per test vessel were used, @)dhe coefficient of A4.10.12.4Enchytraeus luxurious (Schmelz and Collado,

variation around the mean number of juveniles is not higheﬁggg)_u_ Graefe (Hamburg) found this species for the first

than 50 % at the end of the reproduction test. time in a meadow close to St. Peter-Ording (Schleswig-
A4.10.11 Reference SubstaneeA reference substance Holstein, Germany). Because of its size, it could be a good

should be tested once a year or possibly included in the tesfiernative toE. albidus

series. A suitable reference substqnce IS carbendazm, WhIChA4.10.12.5 Enchytraeus bulbosus (Nielsen and Christensen
has been shown to affect survival and reproduction of

enchytraeid$100). The EG for reproduction should be in the 19233)—Th|shsp_e0|esl ha_sl h|thﬁrto pgen reportedbfrom Gleirman
range of 1.2+ 0.8 mg a.i./kg dry mas&.04) If a positive toxic and Spanish mineral soils, where it is common but usually not

e . . S yery abundant. In comparison to other small species of this
standard is included in the test series, one concentration is us

and the number of replicates should be the same as that in t €nus, it is relatively easy to determine. Addltl_onall:}(,
S . ) . bulbosusseems to be easy to culture (E. Belotti, personal
controls, that is, eight replicates. For carbendazim, the testin

. ! S : : gommunication). Up to now, however, nothing is known about
of 1.2 mg a.i./kg dry weight (tested as liquid formulation) is its behavior in laboratory tests and about its sensitivity to

recommended. chemicals
A4.10.12 Performance with Other Enchytraeus Species ) . . .
than E. albidus A4.10.12.6 Breeding Conditions-All Enchytraeusspecies

A4.10.12.1Selection of SpeciesSpecies other thafe. ~ Mmentioned previously can be kept and bred in the same
albidus may be used but the test procedure and the Va“dit);ubstrate ak. albidus The size of the breeding vessels_ can be
criteria should be adapted to provide suitable test conditionsSmaller. They can also be fed the same food (that is, rolled
Many Enchytraeusspecies are readily available and can peoats), but becagse of their smalller individual size, Fhe amount
satisfactorily maintained in the laboratory. Therefore, the mosPf food per feeding should be adjusted. In general, it should be
important criterion for selecting aBnchytraeusspecies other KePt in mind that the lifecycle of these animals is shorter,
than E. albidus is ecological relevance and, additionally, Which means, for example, that feeding should be done more
comparable sensitivity. There may also be formal reasons for §t€n-
change of species. In countries in whigh albidusdoes not A4.10.12.7 Test Conditions-The conditions are the same
occur and cannot be imported (for example, because ods in the case of. albidus except for the following aspects:
quarantine restrictions), otheEnchytraeusspecies may be (1) the size of the test vessel may be smal(@);the duration
used. Potential candidates are listed in the following. of the reproduction test may be shorter, that is, four instead of

A4.10.12.2 Enchytraes crypticus (Westheide & Graefe Six weeks; the duration of the Range-finding test should not be
1992)—In recent years, this species has often been used ighanged;(3) because of the small individual size of the
ecotoxicological studies because of the simplicity of its breedjuvenile worms the use of the staining method is strongly
ing and testing(106, 109) However, its individual size is recommended for counting; arfd) the value for the validity
small, which makes handling more difficult than wite.  criterion “number of juveniles per test vessel in the control”
albidus (especially before implementation of the stainingshould be changed to “50.”
method). Additionally, it was only described from earthworm A4.10.13 Treatment of ResuksSee Section 14.
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