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superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope to artificial soil, reference soils, or site soil®) (site soils

1.1 This guide covers procedures for obtaining laboratonfliluted with reference soils, and)(site or reference soils
data to evaluate the adverse effects of contaminants associat@ted with artificial soil, so as to create a series of concen-
with soil to earthworms (Family Lumbricidae) from soil trations, may be reported_m terms of an LC50 (median lethal
toxicity or bioaccumulation tests. The methods are designed tgoncentration) and sometimes an EC50 (median effect concen-
assess lethal or sublethal toxic effects on earthworms d¥ation). Test results may be reported in terms of NOEC (no

bioaccumulation of contaminants in short-term tests (7 to 2@bserved effect concentration) and LOEC (lowest observed
days) in terrestrial systems. Soils to be tested may Be ( effect concentration). Bioaccumulation test results are reported

reference soils or potentially toxic site soils2) (artificial, ~ @s the magnitude of contaminant concentration above either the
reference, or site soils spiked with compoundg); gite soils ~Day O tissue baseline analysis or the Day 28 tissues from the
diluted with reference soils; o#) site or reference soils diluted Negative control or reference soil (that is< 25X, 10X) (see

with artificial soil. Test procedures are described for the specie®3-9)-

Eisenia fetidasee Annex A1). Methods described in this guide 1.5 This guide is arranged as follows:

may also be useful for conducting soil toxicity tests with other Scope 1
. . e . Referenced Documents 2
terrestrial species, although modifications may be necessary. Terminology 3
1.2 Modification of these procedures might be justified by Summary of Guide 4
special needs. The results of tests conducted using atypical fignificance and Use g
procedures may not be comparable to results using this guide. Aot 7
Comparison of results obtained using modified and unmodified Safety Precautions 8
versions of these procedures might provide useful information ioi't orcan 12
concerning new concepts and procedures for conducting soil procedag 1
toxicity and bioaccumulation tests with terrestrial worms. Analytical Methodology 12
1.3 The results from field-collected soils used in toxicity Acceptability of Test 13
. . L . . Calculation of Results 14
tests to determine a spatial or temporal distribution of soil Report 15
toxicity may be reported in terms of the biological effects on Annexes
survival or sublethal endpoints (see Section 14). These proce- ﬁ““ex 2;- E’fﬁ”{alfgf’ﬁ’ac "
. . ape . nnex . rttici | m Iton
dures can be used with appropriate modifications to conduct Annex A3, Bioaccumulation Teeting Utiizing Eisenia fetida
soil toxicity tests when factors such as temperature, pH, and References

soil characteristics (for example, particle size, organic matter 1.6 The values stated in SI units are to be regarded as the
content, and clay content) are of interest or when there is @, qarq.

need to test such materials as sewage sludge and oils. Thes§ 7 this standard does not purport to address all of the
methods might also be useful for conducting bloaccumulanogafety concerns, if any, associated with its use. It is the

tests. . . . responsibility of the user of this standard to establish appro-
1.4 The results of toxicity tests withl materials (for  piate safety and health practices and determine the applica-
example, chemicals or waste mixtures) added experimentall ility of regulatory limitations prior to uséWhile some safety
considerations are included in this guide, it is beyond the scope
* This guide is under the jurisdiction of ASTM Committee E47 on Biological of this Standa':d to gr]compass all $?‘fety requ[rements necessary
Effects and Environmental Fate and is the direct responsibility of SubcommittedO conduct soil toxicity tests.Specific precautionary statements

E47.02 on Terrestrial Assessment and Toxicology. are gi\/en in Section 8.
An ASTM guide is defined as a series of options or instructions that do not

recommend a specific course of action. 2. Referenced Documents
Current edition approved May 10, 1997. Published February 1998. Originally

published as E 1676 — 95. Last previous edition E 1676 — 95. .1 ASTM Standards:

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 653 Terminology Relating to Soil, Rock, and Contained 3.2.4 bioaccumulation factor (BAR-the ratio of tissue
Fluid? residue to sediment contaminant concentration at steady-state.
D 4447 Guide for the Disposal of Laboratory Chemicals(See Guide E 1688.)

and Samples 3.2.5 bioaccumulation potentiat-a qualitative assessment

E 380 Practice for Use of the International System of Unitsof whether a contaminant in a particular sediment is bioavail-
(S1) (the Modernized Metric Systerh) able. (See Guide E 1688.)

E 943 Terminology Relating to Biological Effects and En-
vironmental Fate
E 1023 Guide for Assessing the Hazard of a Material t
Aguatic Organisms and Their USes . . . .
E 1383 Guide for Conducting Sediment Toxicity Tests with 3.'2'7 bioconcentration factor (BCF)—the_ ratio of tissue
Freshwater Invertebraf®s residue to water contaminant concentration as steady-state.
E 1688 Guide for Determination of the Bioaccumulation of (S€€ Guide E 1688.) . _
Sediment-Associated Contaminants by Benthic Inverte- 3.2.8 biota-sediment accumulation factor (BSAFhe ratio
brate$ of lipid-normalized tissue residue to organic carbon-
E 1706 Test Methods for Measuring the Toxicity of hormalized sediment contaminant concentration at steady state,

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

3.2.6 bioconcentratior—-the net assimilation of a substance
by an organism as a result of uptake directly from aqueous
Osolution. (See Guide E 1688.)

vertebrate® 3.2.9 clitellum—the fleshy “ring” or “saddle” of glandular
tissue found on certain mid-body segments of lumbricid
3. Terminology earthworms. It is the most visible feature of an adult earthworm
3.1 Definitions: and secretes the cocoon into which eggs and sperm are

3.1.1 The words “must,” “should,” “may,”™ can,” and 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 tigls to the weight of soil (artificial, reference, or site), usually
test must be designed to satisfy the specified condition, unlessxpressed on a dry weight basis as percent or milligram/
the purpose of the test requires a different design. “Must” isilogram.
used only in connection with the factors that relate directly to 3.2 11 depuration—loss of a substance from an organism as

the acceptability of the test (see Section 13). “Should” is used, resylt of any active (for example, metabolic breakdown) or
to state that the specified condition is recommended and ougfssive process.

to be met 'f. possible. Althou_gh awolaﬂon of one should” is 3.2.12 diluent soil—the artificial or reference soil used to
rarely a serious matter, the violation of several will often renderd

. . o ilute site soils.
the results questionable. Terms such as “is desirable,” “is often ) i
desirable,” and* might be desirable” are used in connection 3.2.13 hydration water—water used to hydrate test soils to

with less important factors. “May” is used to mean “is (are) Creat_e an _environment with a moisture level Sl_Jital_aIe for the
allowed to,™ can” is used to mean “is (are) able to,” and species being tested. The water useq for hydration is often test
“might” is used to mean “could possibly.” Thus, the classicvater (see 3.2.26); ho_wever, depending on the nature of the test
distinction between “may” and “can” is preserved, and “might” belng_ [mplemented, site surface water or groundwater may also
is never used as a synonym for either “may” or “can.” be utilized for hydration.

3.1.2 For definitions of terms used in this guide, refer to 3.2.14 lumbricid—earthworm members of the Family Lu-
Termino|ogy E 943 and Guide E 1023. For an exp|anati0n obricidae of the Class Oligochaeta of the Phylum Annelida.
units and symbols, refer to Practice E 380. 3.2.15 negative control so#-artificial or reference soil to

3.2 Definitions of Terms Specific to This Standard: be used for evaluating the acceptability of a test.

3.2.1 artificial soil—a synthetic soil, prepared with a spe-  3.2.16 reference soil-a field-collected soil that has physi-
cific formulation, designed to simulate a natural soil (seecochemical and biological properties as similar as possible to
Annex A2). Artificial soil may be used as a diluent medium tothe site soil but does not contain the potentially toxic com-
prepare concentrations of site or reference soil and may be usg@unds of the site soil. It is used to describe matrix effects on
as a negative control medium. the test in question. It may be used as a diluent medium to

3.2.2 batch—the total amount of test soil prepared for eaChprepare concentrations of site soil and may be used as a
concentration in a test. A batch is any hydrated test soil readjegative control medium.

for separation into replicates. _ 3.2.17 sampling statioa-a specific location, within a site or
3.2.3 bioaccumulatior-the net accumulation of a sub- sampling unit, depending on the field study design, at which

stance by an organism as a result of uptake from all environs;| js collected for chemical, physical, and biological evalua-
mental sources. (See Guide E 1688.) tion.

3.2.18 sampling unit—an area of land within a site distin-
guished by habitat and topography.
zﬁﬂﬂﬁil Egg:: SI podiv zgzgzx: o108 3.2.19 site—a delineated tract of land that is being consid-
4 Annual Book of ASTM Standardéol 14.02. ered as a study area, usually from the standpoint of its being
5 Annual Book of ASTM Standardgol 11.05. potentially affected by xenobiotics.
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3.2.20 site soil—a soil collected from the field to be 5. Significance and Use
evaluated for potential toxicity. A site soil may be a naturally 51 sojl toxicity tests provide information concerning the
occurring soil or one that has been influenced by xenobioticgoxicity and bioavailability of contaminants associated with

3.2.21 soil—sediments or other unconsolidated accumula=soils to terrestrial organisms. As important members of the soil
tions of solid particles produced by the physical and chemicafauna, lumbricid earthworms have a number of characteristics
disintegration of rocks, and that may or may not containthat make them appropriate organisms for use in the assess-
organic material. (See Terminology D 653.) ment of potentially hazardous soils. They may ingest large

3.2.22 spiking—the experimental addition of a test material quantities of soil, have a close relationship with other soil
to an artificial, site, or reference soil, such that the toxicity ofdiomasses (for example, invertebrates, roots, humus, litter, and
the material added can be determined. After the test material I§icroorganisms), constitute up to 92 % of the invertebrate
added, which may involve a solvent carrier, the soil is mixedoiomass of soil, and are important in recycling nutrigits).°

thoroughly to distribute the test material evenly throughout thé=arthworms accumulate and are affected by a variety of
soil. organic and inorganic compound8-8). In addition, earth-

3.2.23 test chamber-an enclosed space or compartment jnWOrms are important in terrestrial food webs, constituting a
which environmental parameters such as temperature arLBOd source for a very wide variety of organisms, including
lighting are controlled (for example, incubator or modified PIrds, mammals, reptiles, amphibians, fish, insects, and centi-

room). Test containers are placed in the test chamber fdf€des (9, 10} A major change in the abundance of soil
biological evaluation. invertebrates such as lumbricids, either as a food source or as

. . . organisms functioning properly in trophic energy transfer and
3.2.24 test containes—the experimental unit, the smallest nutrient cycling, could have serious adverse ecological effects

physical entity to which treatments can be assigned indeperb—n the entire terrestrial system.
dently. ] ] ) ) 5.2 A number of species of lumbricids have been used in
3.2.25 test soit—a soil prepared to receive a test organism fie|d and laboratory investigations in the United States and
Site or reference soil mixed with artificial soil or reference soil Europe. Although the sensitivity of various lumbricid species
mixed with site soil in known concentrations for evaluation aretq specific chemicals may vary, from their study of four species
test soils. Artificial, site, or reference soils spiked with testof earthworms (includinge. fetidg exposed to ten organic
materials such as chemicals, oils, or manufacturing productsompounds representing six classes of chemicals, Neuhauser,
are test soils. Once a site, reference, or artificial soil ist al (5) suggest that the selection of earthworm test species
hydrated, even though it is not mixed with artificial or does not affect the assessment of a chemical’s toxicity mark-
reference soil or spiked with a material, it may be called a tesgdly.
soil. 5.2.1 E. fetida is a species whose natural habitats are those
3.2.26 test water—water used to prepare stock solutions, of very high organic matter such as composts and manure piles.
rinse test organisms, rinse glassware, and apparatus or for aliywas selected as the test species becaus® is (ored in the
other purpose associated with the test procedures or culture @boratory easily; Z) is the earthworm species used most
the test organism. Test water must be deionized or distille@dommonly in laboratory experimenttl);, (3) has been studied
water or better, such as reagent-grade water produced byextensively, producing a data pool on the toxicity and bioac-
system of reverse osmosis, carbon, and ion-exchange camimulation of a variety of compounds, 5, 6, 12-17)(4) has

tridges. been approved for use in toxicity testing by the European
Economic Community and the Organization for Economic
4. Summary of Guide Cooperation and Development; ar§) fas been used by the

- : . - Environmental Protection Agency (EPA) for the toxicity
4.1 The toxicity of test soils or the bioavailability of screening of hazardous waste si(8)

containments are assessed durlng the continuous exposure o 3 Results from soil toxicity tests might be an important

;%rirlgs(t:rcl)ﬁg((:)tgjarizrpns. c?tzlrlftiatlﬁSti(cj)nrg?\/inba(atetgesizgg)ggiig ( consideration when assessing the hazards of materials to
P Y terrestrial organisms.

co!lected'from reference site'ﬁ)(art.ificia'll soil (;ee Annex A2) 5.4 Information might also be obtained on the bioaccumu-
spiked with compoundsd] site soil spiked with compounds, lation of contaminants associated with soil by analysis of

\(/?i)tr:G:retiZ‘iecqgles?)(i)lll(%Olsﬁteeds\(l)vilrzi;:u(?urendp\(/)vﬁﬂdri)fgéisglgllluctzg)? animal tissues for the contaminants being monitored. These
! ’ results are useful for studying the biological availability of

reference soil diluted with artificial soil. A negative control of :
artificial or reference soil is used for the following.) to yield contaminants.
y 5.5 The soil toxicity test might be used to determine the

a measure of the acceptability of the tes?) (o provide o e . o
evidence of the health and relative quality of the test Organgemporal or spatial distribution of soil toxicity. Test methods

isms; @) to determine the suitability of test conditions, food, f;(r;ci?e used to detect horizontal and vertical gradients in
and handling procedures; and)(to provide a basis for Y-

interpreting data obtained from the test soils. Specified data are

obtained to determine the toxic effects on survival or sublethal

endpoints for 7 to 28'day exposures or containment bioaccu- © The boldface numbers in parentheses refer to the list of references at the end of
mulation for 28-day exposures to terrestrial lumbricids. this standard.
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5.6 Results of soil toxicity tests could be used to compare 6.1.7 Field-collected soils may contain indigenous organ-
the sensitivities of different species. isms including 1) the same or closely related species to that

5.7 An understanding of the effect of these parameters obeing tested an®} microorganisms (for example, bacteria and
toxicity and bioaccumulation may be gained by varying soilmolds) and algae species that might grow in or on the soil and
characteristics such as pH, clay content, and organic materigkst container surfaces.

5.8 Results of soil toxicity tests may be useful in helping to 6.2 Tests may not be applicable with materials that are
predict the effects likely to occur with terrestrial organisms inpighly volatile or rapidly transformed biologically or chemi-
field situations. cally. The dynamics of test material breakdown products

5.8.1 Field surveys can be designed to provide either @noyid therefore be considered, especially in relation to as-
gualitative or quantitative evaluation of biological effects sumptions of chemical equilibria.

within a site or among sites.
5.8.2 Soil surveys eval_uating biological _effech are usuglly7_ Apparatus
part of more comprehensive analyses of biological, chemical,
geological, and hydrographic conditions. Statistical correlation 7-1 General Facilities—The facility should include separate
can be improved and costs reduced if subsamples of soil fgfonstant temperature areas (chambers) for culturing and testing
laboratory toxicity tests, geochemical analyses, and communit@ reduce the possibility of contamination by test materials and
structure are taken simultaneously from the same grab of thether substances, especially volatile compounds. Culture con-
same site. tainers should not be in a room (chamber) in which toxicity
5.9 Soil toxicity and bioaccumulation tests can be an im-tests are conducted, stock solutions or test solutions are
portant tool for making decisions regarding the extent ofprepared, or equipment is cleaned. The facilities should be well
remedial action necessary for contaminated terrestrial sites. ventilated and free of fumes.
7.2 Equipment and ApparatusEquipment and apparatus
6. Interferences that contact stock solutions, test solutions, site soils, and test
6.1 Limitations to the methods described in this guide mightsoils, into which test organisms will be placed, should not
arise and thereby influence soil toxicity test results andcontain substances that can be leached or dissolved in amounts
complicate data interpretation. The following factors should behat affect the test organisms adversely. In addition, equipment
considered when testing soils: and apparatus that contact soils or solutions should be chosen
6.1.1 The alteration of field samples in preparation forto minimize the sorption of test materials. Glass, Type 316
laboratory testing (for example, transport, screening, or mixstainless steel, nylon, high-density polyethylene, polycarbon-
ing). ate, and fluorocarbon plastics should be used whenever pos-
6.1.1.1 Maintaining the integrity of soils during their re- sible to minimize leaching, dissolution, and sorption. Copper,
moval, transport, and testing in the laboratory is extremelybrass, lead, galvanized metal, and natural rubber should not be
difficult. The soil environment is composed of a myriad of used. ltems made of neoprene rubber and other materials not
microenvironments, redox gradients, and other interactingreviously mentioned should not be used unless it has been
physicochemical and biological processes. Many of thesshown that their use will not affect the survival, growth, or
characteristics influence soil toxicity and the availability of reproduction of test organisms adversely.

compounds to organisms, microbial degradation, and chemical 7 3 Test and Culture ChambersA test or culture chamber
sorption. Any disruption of this environment complicatess an enclosed space or compartment in which temperature and

interpretations of treatment effects, causative factors, and ifjgnting are controlled (for example, incubator or modified

situ comparispns. room). The ventilation of chambers, especially test chambers,
6.1.1.2 Soils tested at temperatures other than those frofg desired.

the field in which they are collected might affect contaminant
solubility, partitioning coefficients, and other physical and
chemical characteristics.

7.3.1 Test and culture chambers usually require continuous
lighting. A timing device should be used to provide a light:dark

; . . . cycle if a photoperiod other than continuous light is used.
6.1.2 Interaction among chemicals present in the soil. y P P g

6.1.3 The use of laboratory-spiked soils that might not be /3.2 Temperature-recording devices should be used to
representative of contaminants associated with soils in thahonitor the temperature of test and culture chambers. Both test
field and culture chambers should be at the same temperature.

6.1.4 The addition of food to test containers may affect the 7-4 Culture Containers-Containers used to culture test
results of a toxicity test, but it may be necessary to feed the te§ganisms should be made of materials that will not affect their
organisms in long-duration tests (see 11.7, A1.9.1.2, angurvival, growth, or reproduction adversely. Consideration
A1.9.5). should be given to cleaning and organizational space. The size

6.1.5 The addition of solvents to the test containers mighf culture containers may depend on the species being cultured.
obscure the adverse influence of contaminants associated with7.5 Test Containers-Test containers should be made of
soil and affect soil quality characteristics. materials that minimize the sorption and leaching of test

6.1.6 The natural geochemical properties of test soil colcompounds and do not affect the survival, growth, and repro-
lected from the field might not be within the tolerance limits of duction of the test organism adversely. Glass is an ideal
the test species. material.
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7.5.1 All test containers used in a soil toxicity test must be 8.1.1 Many materials can affect humans adversely if pre-
identical. The test containers should be covered with a lid t@wautions are inadequate. Field-collected soils might contain
prevent escape of the test organisms and help reduce drying tafxic materials, and respiratory exposure and skin contact

the test soil. should be prevented or minimized. As much information as
7.5.2 Species-specific information on test containers angossible should be collected on the history of the site and the
test conditions is given in Annex Al and Annex A3. potential problems from human exposure. Exposure to workers

7.6 Cleaning—Test containers and equipment and apparatusnight be minimized by wearing rubber boots, disposable safety
should be cleaned before use. Items may be cleaned in tlgear, gloves, and a cartridge respirator. Information or direc-
following manner: 1) scrub thoroughly with a scratch pad to tives on necessary precautions should be available from a site
remove visible soil and residue?)(detergent wash;3} water  safety manager at some sites.
rinse; @) organic solvent wash (for example, acetonB);acid 8.1.2 When screening, mixing, or distributing hazardous
wash (for example, 10 % concentrated hydrochloric aci@)); ( soils in the laboratory, proper handling procedures might
tap water rinse;q) rinse at least twice with distilled, deionized, include working () under a ventilated hood, wearing protec-
or reagent grade water; an8) @dried at room temperature or in tive gloves, laboratory coats, aprons, and safety glasse®) or (
a low-temperature (up to 90°C) air-drying oven. Care must bén a ventilated room, wearing rubber boots, disposable safety
taken to avoid the use of “plastics” that may breakdown in thegear, gloves, and a full-face bottled air respirator. When
presence of the solvent used or at prolonged exposures neaitiating toxicity tests in the laboratory, procedures might
90°C. For acceptable items, the following steps may be usemhclude wearing appropriate protective gloves, laboratory
alternatively for cleaning:1) scrub thoroughly with a scratch coats, aprons, and safety glasses and working in a ventilated
pad to remove visible soil and residu&@) fletergent wash3j hood.
water rinse; 4) acid wash (for example, 10 % concentrated 8.2 Careful consideration should be given to those chemi-
hydrochloric acid); %) tap water rinse;) rinse at least twice cals that might biodegrade, transform to more toxic compo-
with distilled, deionized, or reagent grade water; andbake  nents, volatilize, oxidize, or photolyze during the test period.
in an oven at 350°C. Clean lids should be placed on test 8.3 Health and safety precautions and applicable regulations
containers after the containers have cooled. for the disposal of stock solutions, test organisms, and soils

7.6.1 A laboratory dish-washing machine may be used tshould be considered before beginning a test (see Guide
accomplish the detergent wash/water rinse and tap water ring24447).
stages. If a dish-washing machine is used, a neutralizing rinse 8.4 Cleaning of equipment with a volatile solvent such as
may be necessary after the acid wash to prevent acid damageetone should be performed only in a well-ventilated area in
to the machine’s metal parts. which no smoking is allowed and no open flame such as a pilot

7.6.2 Many organic solvents leave a film that is insoluble inlight is present.
water. A dichromate-sulfuric acid cleaning solution can gener- 8.5 An acidic solution should not be mixed with a hypochlo-
ally be used in place of both the organic solvent and the acidijte solution because hazardous fumes might be produced.
but the solution might leave chromium residues on glass. 8.6 Concentrated acid should be added to water, not vice

7.6.3 Upon completion of a test, all items to be reusedversa, to prepare dilute acid solutions. Opening a bottle of
should immediately belj emptied of soil, 2) rinsed with  concentrated acid and adding concentrated acid to water should
water, and 8) cleaned by the procedures previously outlined.be performed only in a fume hood.

Test organisms and soil should be disposed of using appropri- 8.7 The use of ground fault systems and leak detectors is
ate procedures (see Guide D 4447). recommended strongly to help prevent electrical shocks.

7.6.4 Test containers should be stored with their lids on tg .
keep them clean. 9. Soil

7.7 Acceptability—Before a toxicity test is conducted in 9.1 Generai—Before the preparation or collection of soil,
new test facilities, it is desirable to conduct a “non-toxicant”an approved, written procedure should be prepared for the
test, in which all test containers contain a negative control ohandling of soils that might contain unknown quantities of
artificial or reference soil. Survival, growth, or reproduction of toxic contaminants (see Section 8). All soils should be charac-
the test species will demonstrate whether the facilities, hydraterized and have at least the following determined: pH, percent
tion water, artificial soil, and handling techniques are adequat@rganic matter, cation exchange capacity (CEC), total nitrogen,
to result in acceptable species-specific control numbers. Thearticle size distribution (percent sand, silt, and clay), and
magnitude of the within-chamber and between-chamber variPercent water content. In addition, chemical analyses should be

ance should also be determined. performed for compounds suspected of occurring in the par-
. ticular soil (for example, heavy metals and organics). Toxico-
8. Safety Precautions logical results might provide information directing a more

8.1 Many substances pose health risks to humans if adatensive analysis. Soil toxicity testing procedures are detailed
equate precautions are not taken. Information on the chemicai Section 11.
and physical properties, toxicity to humar{39-22) and 9.2 Negative Control and Reference Sei\ negative con-
recommended handling proceduf@8-27)of the test material trol soil is used for the following:1) to yield a measure of the
should be studied and made available to all personnel involvedcceptability of the test2f to provide evidence of the health
before a test is begun. Contact with the test materials should kend relative quality of the test organism3) {o determine the
avoided. suitability of the test conditions and handling procedures, and
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(4) to provide a basis for interpreting data obtained from theshould be cut to ground level and removed before the sample
test soils. A reference soil is used to describe the matrix effectis collected. The sample should be placed in a thick plastic bag
of a test. Every test must have a negative control of artificial offor example, 4 mil) and taped closed. This bag should then be
reference soil and may also have a reference soil if the negatiy@aced in a second plastic bag, taped closed, and placed in a
control is an artificial soil. A reference soil should be collectedclean sample container with a lid (for example, plastic pail with
from the field in a clean area and represent the test soil as muérring seal). Direct sunlight should be minimized during
as possible in soil characteristics (for example, percent organicollection if the contaminants associated with soils include
matter, particle size distribution, and pH). This provides acompounds that photolyze readily. All soil samples should be
site-specific basis for comparison of toxic and nontoxic conplaced in an ice chest and kept cold in the field. Field
ditions. The same conditions, procedures, and organisms musbservations concerning habitat and type of vegetation and
be used with the negative control and reference soil as are usetseasurements such as soil temperature and moisture may be
in the other treatments, except that contaminated soil or tesaken in the field.
materials are not added. 9.4.2 Storage—Soil samples should be utilized as soon as
9.3 Field Sampling Design-A site is defined as a delin- Possible in accordance with Test Methods E 1706 storedtat 4

eated tract of land that is being considered as the overall stud®’C for no longer than two weeks before the start of the test.
area, usually from the standpoint of its being potentiallyFreezing and longer storage times might change the soil
affected by xenobiotics. The field collection is often conductederoperties and should be avoided. The soil may be stored in the
in areas in which little is known concerning contamination orsample containers in which it was collected in the field. It is
contamination patterns. The object of a qualitative field samdesirable to avoid contact with metals and plastics.

pling design is to identify sites that contain potentially toxic 9.4.3 Processing-The following procedures should be fol-
conditions that may warrant further study. The collectionlowed if a homogenous sample is needed. The samples should
design might divide the site into sampling units based orPe screened to remove oversize material such as rocks.
habitat or topography to allow for maximum spatial coverage/A6.30-mm mesh, stainless steel screen may be used. The soil
Sampling stations may be set up within each unit (see 3.2). Orighould be mixed after screening (for example, in a stainless
sample is collected from each station. The lack of fieldsteel mixer) to ensure homogeneity (see Section 6). Sub-
replication at each station usually precludes statistical comparBamples of the processed soil should be removed for pH and
sons; however, the identification of samples for further study ignoisture content determination. Moisture content is deter-
possible, when survival, growth, or reproduction differ be-mined gravimetrically by drying a subsample for 24 h at
tween Samp"ng stations or Samp"ng stations differ from alOOOC Information on moisture content is necessary to deter-
reference soil. Information on field sampling design is pre-mine the amount of hydration water to add to the test soils (see

sented by Warren-Hicks, et &28), Eberhardt and Thomas A1.9.3). Each replicate is screened, mixed, and treated sepa-
(29), and Gilbert(30). rately if a quantitative method of field sampling with replicates

9.3.1 If the object of the field sampling design is to test forWas used. , .
statistically significant differences in the effects between nega- 9-4-3-1 There may be some instances when an intact core
tive control or reference soils and test soils from several siteS2MPIe needs to be tested, and no processing is therefore
or between sampling stations within a single site, a quantitativd€cessary. o _ .
method is used that requires replicate sampling. The number of 9-4-4 Qualitative descriptions of the soil may include color,

field replicates (that is, separate soil samples at a singlXture, or the presence of roots, leaves, and soil organisms.
sampling station) necessary per sampling station is a functioilonitoring the odor of soil samples should be avoided because

of the need for sensitivity or power. A minimum of three field of potentially hazardous volatile contaminants (see Section 8).
replicates from each station is recommended. These field 9-4-5 The natural geochemical properties (for example, pH)
replicates are each treated as a separate sample in the labd?h-test soil collected from the field should be within the
tory, that is, they are not mixed together. The field repnc‘.ﬂegolerance limits of the test species, or control; for_th_e variable
from a single sampling station might be used {o test for should bg run (for example, a pH—ad_justed soil). Limits for the
within-sampling station variability,2) to compare laboratory (€St species should be determined in advance (see 10.1).

test procedures, or3( to compare sensitivity among test 9-5 Laboratory-Spiked Test SedTest soil can also be
species. prepared in the laboratory by adding materials such as chemi-

9.3.2 Sampling stations might be distributed along a know caAIr_;, or waste mixtures to artificial, reference, or site soils (see
pollution gradient within a site or at random within sampling =,

units. Comparisons can be made between both space and timeg's'1 Test chemicals should be reagent gfadke better,

if the sampling and testing take place during different times 0]unless techmcal_ or other grade materlal is specifically needed.
the year, Before a test is started, the following should be known

9.4 Field-Collected Test Soil

9.4.1 Collection—A shovel or auger (preferably stainless 7Rreagent Chemicals, American Chemical Society Specificatidmerican
steel) should be used to collect soil samples (see Section g)hemical Society, Washington, DC. For suggestions on the testing of reagents not
The surface of the location at which the sample is to bélsted by the American Chemical Society, sAealar Standards for Laboratory

. . Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
collected should be cleared of debris such as leaves and tW'QaQ-nd National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,

If the location is an area of grass or other plants, the plants.
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concerning the test materialt)(identity and concentration of 9.5.4.1 If the test is intended to allow the calculation of an
major ingredients and impurities2)(water solubility in hydra- LC50, the test concentrations should bracket the predicted
tion water; @) estimated toxicity to the test species and toLC50. The prediction might be based on the results of a test on
humans; 4) precision and bias of the analytical method at thethe same or a similar test material on the same or a similar
planned concentrations of the test material, if the test concerspecies. The LC50 of a particular compound may vary,
trations are to be measured; ar) (ecommended handling depending on physical and chemical soil characteristics. If a
and disposal procedures. useful prediction is not available, it is desirable to conduct a
9.5.2 Stock Solutions-Test materials to be tested in artifi- '@nge-finding test in which the organisms are exposed to a
cial, reference, or site soil should be dissolved in a solvent (th€°ntrol and three or more concentrations of the test material
preferred solvent is water) to form a stock solution. The stocihat differ by a factor of ten. ,
solution itself, or dilutions of it, are then added to the soil. The 9:5-4.2 In some situations (for example, regulatory), it

concentration and stability of the chemical in the stock solutiodMght be necessary to determine onb) (vhether a specific

should be determined before beginning the test. The Stocg(oncentration of test material is toxic to the test specie®)r (

solution should be shielded from light both before and durin whether the_L(_:50 Is apove or _below a speciﬁc_con_cen_tration.
then there is interest in a particular concentration, it might be

the process of mixing into the soil if the chemical is subject to 1o test onlv that trati d not to determi
photolysis. Concentrations of the chemical in the solvent an e:(;:-_scssa(;y 0 test only that concentration and not to determine
soil should be monitored before the test begins. : - . .

g 9.5.5 The addition of test materials to soil may be accom-

9.5.3 Non-Water Solvenisif a solvent other than water is yjished using various methods such as hand mixing or using a
necessary, it should be one that is water-miscible and can B8 hanical mixer (see 9.4.3).

driven off (for example, evaporated), leaving only the test g 551 |f tests are repeated, mixing conditions such as the
chemical on the soil. Both a solvent control and a negative) ration and temperature of mixing and time of mixing before
control soil must be included in the test if a solvent other thanpe test starts should be kept constant. Care should be taken to
water is used. The solvent control must contain the highestnsyre that a test material added to a soil is distributed
concentration of solvent added to the soil and must use solveforoughly and evenly within the soil. The homogeneity of

from the same batch used to make the stock solution. The samgyoratory-dosed material should always be determined prior to
concentration of solvent should be used in all treatments.  testing.
9.5.3.1 Acetone is an organic solvent used for preparin% .
stock solutiong5, 15, 17, 31because of its high volatility and 0. Test Organism
ability to dissolve many organic chemicals. Other water- 10.1 Species-Only one species is currently described in
miscible organic solvents, such as methanol or ethéhpimay this guide (see Annex Al); however, descriptions of additional
be used. Organic solvents may affect total organic carbofiPecies may be included in revisions of this guide. The use of
levels, introduce toxicity, or alter the geochemical properties ofhis species is encouraged to increase the comparability of
the soil (see 6.1.5). A surfactant should not be used in th&esults. The source and type of soil being tested or the type of
preparation of a stock solution because it might affect thdest to be implemented might dictate the selection of a
bioavailability, form, and toxicity of the test material. particular species. The species used should be selected based
9.5.3.2 If the concentration of solvent is not the same in alf’" (1) availability; (2) sensitivity to test materials3j tolerance

test solutions that contain test material, a solvent test should 68 parameters such as temperature, pH, and grain sizeAand (

conducted to determine whether survival, growth, or reproducf""‘se.(.)f handlmg in the Iabt_)ratory. The SPecies used should be
identified using an appropriate taxonomic key.

tion of the test organisms are related to the solvent concentra- 10.2 Age—All organisms should be as uniform as possible

tion over the_range used in the toxicity test. If survival, grOWth’in the state of maturity and weight class. The state of maturity
or reproduction are found to be related to solvent concentra-

. : . . oo or weight class for a particular test species should be chosen so
tion, a S.O'I toxicity test V.V'th that species in thgt amount Ofthat the sensitivity to test materials is not affected by age
sol\_/ent 'S unacce.ptable if any treatment contained a ConcerFéproduction, or other intrinsic life-cycle factors (see Annex
tration of solvent in that range. Al)
~ 9.5.3.3 The survival, growth, or reproduction of the organ- 19 3 Source—All organisms in a test must be from the same
isms tested in the two controls should be compared if the tes{oyrce. Organisms may be obtained from laboratory cultures or
contains both a negative control and a solvent control. Only thgayyral populations from clean areas. Local and state agencies
solvent control may be_used for meeting th(_e acceptability of th%ight require collecting permits. Laboratory cultures may be
test and as the basis for the calculation of results if &he best source of test species because laboratories can provide
statistically significant difference in either survival, growth, or organisms whose history, age, and quality are known. State and
reproduction is detected between the two controls. The negdederal institutions may have available laboratory cultures of
tive control might provide additional information on the test organisms. Commercial suppliers who have laboratory
general health of the organisms tested. The data from bot§yjtures of research and testing organisms may also be a
controls should be used for meeting the acceptability of the teource. It is important to obtain organisms that are of a known
and as the basis for the calculation of results if no statisticallpecies or subspecies and not a mixture. Paragraph A1.5
significant difference is detected. contains additional information on possible sources of test
9.5.4 Test Concentrations organisms.
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10.4 Quality—Chemical analysis of organisms collectedis to be removed for chemical analysis or for any other
from natural populations is desirable. It may be desirable tgurpose. Site soil has been mixed previously during process-
analyze for the test materials and other chemicals to whicing.
major exposure might have occurred. 11.2.1 Site Soil SamplerFrom each sample collected at a

10.5 Care of Brood Stock-Brood stock should be cared for field station, soil sufficient for three replicates is hydrated with
properly to prevent unnecessary stress (see Annex Al). Twater, and replicates are placed into test containers (see Annex
maintain organisms in good condition and prevent unnecessail).
stress, they should not be crowded and should not be subjected11.2.2 Test Soils Prepared for a Concentration Seridé
to rapid changes in temperature or the quality of culturingsite soil and artificial or reference soil are to be mixed in a
medium. Earthworms should be cultured at the same temperaeoncentration series, each concentration (treatment) is prepared
ture as that used for testing (see 11.5 and A1.9.1.4). as a batch from which replicates are placed into test containers.

10.6 Handling—Test organisms should be handled as littlelf site, reference, or artificial (see Annex A2) soil is to be
as possible. When handling is necessary, it should be done apiked with chemicals, each concentration is prepared as a
gently, carefully, and as quickly as possible. Organisms shoultiatch, and replicates are placed into test containers.
be introduced into test soils on the surface so as to evaluate 11.2.3 The test containers with soil are covered with a lid
burrowing behavior. Any organisms that touch dry surfaces ocontaining a very small hole to allow for air movement. The
are dropped or injured during handling should be discarded.test containers are then placed into the test chamber, until the

next day, to {) allow the test containers to temperature
11. Procedure equilibrate andZ) allow time for the test material to equilibrate
11.1 Experimental Design of Laboratory Experiments with the soil. Each test container must contain the same amount

Decisions concerning the various aspects of experimen{if ;‘;" (specified in Annex Al) determined on a dry weight

design, such as the number of treatments and number of t . ) )
containers and test organisms per container, should be based or1-3 Introduction of Test OrganismsTest organisms are
the purpose of the test and the type of procedure that is to galaced into the test containers after the overnight equilibration;
used to calculate results (see Section 14). A test intended {§iS constitutes the beginning of the test (Day 0). The test
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, ifburrqw because a lack of burrowmg is considered a response
necessary, and several test concentrations (see 9.5.3). possibly due to the presence of toxic compou(Ws _
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 uni@'® 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®8). The test con- Organism. o . S
tainer is the experimental unit (see 7.5). As the number of test 11.5 Temperature-In toxicity tests withE. fetidain artifi-
containers per treatment increases, the number of degrees @@l soil with 2-chloroacetamide and benomyl, Heimbach and
freedom increases, and therefore the width of the fiduciaFdwards(33) found that temperature variations between 10
interval on a point estimate, such as an LC50, decreases, aAfd 26°C had little influence on the toxicity of the chemicals.
the power of a significance test increases (see Section 14}he test temperature depends on the species used (see Annex
Because of factors that might affect the results within test*l)- Other temperatures may be used to study the effect of
containers and therefore the results of the ted},al test ~temperature on the survival, growth, or reproduction of test
containers must be treated as similarly as possible, for exarganisms and contaminant-related properties (for example,
ample, temperature and lighting, an@) gach test container bioavailability).
must be treated physically as a separate entity. The assignmentl1.6 Test Measurements
of test organisms to test containers must be randomized, and11.6.1 Temperature should be monitored for the duration of
test containers must be assigned randomly to individual teshe test. A continuous temperature recorder (or a continuous
chamber locations. temperature/humidity recorder) with a 7-day chart can be
11.2 Soil Into Test Containers-The day before the toxicity Placed in the test chamber and changed as necessary.
test is started (Day — 1), the soil to be tested, negative control, 11.6.2 A rough measurement of the total biomass of test
and reference soil (if used) are mixed, the moisture level i®rganisms per test container should be obtained at the begin-
adjusted with hydration water, and the soils are placed into testing of the test. A rough measurement consists of weighing the
containers. Paragraph A1.9.3 contains information on th&orms after first removing any large fragments of bedding that
hydration of test soils. If large interstitial spaces of air occur inmay be adhering to them (see A1.7 and A1.7.1).
the soil matrix, these spaces should be removed by pressing in11.6.2.1 If weight loss is used as an endpoint, an accurate
the soil with a suitable utensil, for example, a spatula (see 7.2)neasurement of weight must be taken of the total biomass of
while trying not to compact the soil. The minimum amount of test organisms per test container at the beginning and end of the
soil to mix and hydrate should be enough for three replicategest. The worms should be purged of their gut contents before
a pH sample, and to account for soil adhering to the sides of thereighing by placing them in petri dishes with wet filter paper.
mixing chamber. This mixed and hydrated soil is called aBedding should be rinsed from the worms with test water
batch. Extra batch soil may be mixed and hydrated if a samplbefore placing the worms in petri plates. Before weighing the
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worms, excess surface water may be removed by placing thithe duration of the experiment. The measurement of test
worms between layers of an absorbent towel. It is verymaterials degradation products might also be desirable.
important not to dry the surface of the worms, and consider- 11.10.3 Tissue Analysis-Contaminant bioavailability is in-
ation should be given to whether this step might stress thdicated by the contaminant concentrations accumulated in
worms unduly. Researchers have commonly used @ b3, earthworm tissues (see A3.8.3).

34) or 48 h (35, 36) for a purging time period. Although

Stafford and McGratt{36) provided some evidence that some 12. Analytical Methodology

soil may still remain in the gut after 48 h, it is recommended 15 1 Chemical and physical data for soil should be obtained
that 24 h be used as a purging time. An excessively long periogsing appropriate ASTM standards whenever possible. For
of starvation prior to initiating a lengthy test during which food t5se measurements for which ASTM standards do not exist or
is not added (see 11.7) may stress the test organisms. are not sufficiently sensitive, methods should be obtained from
11.6.2.2 Richards and lIrelan(B7) suggest that longer other sources, for example, ER39).
periods of starvation may_result in the depuration of heavy 122 concentrations should be measured fi)r dontami-
metals from earthworm tissue. These factors need to bgants in batches of soil2) test materials in stock solutions,
considered if bioaccumulation studies are to be performed, anghq @) contaminants in test containers. In addition, measure-
an elimination study should be undertaken to determine theyents for the presence of an apparently evaporated organic
effect of purging on the concentration of the target compoundgg|yent may be desirable.
in the earthworms. 12.2.1 If samples of stock solutions or test soils are not to be

11.6.3 pH should be measured (see Al.11.1) at the begimmalyzed immediately, they should be handled and stored
ning of the test in subsamples taken from the batch preparamppropriately (see 9.4.2).
tions and at the end of the test in subsamples from replicates of 12 3 Methods used for analyzing test organisms for con-
the various concentrations. taminants of concern should be obtained from appropriate

11.6.4 Percent moisture may be measured (see A1.11.2) g@burceg40).
the beginning and end of the test from subsamples, as noted in12.4 The precision and bias of each analytical method used
11.6.3. should be determined in an appropriate matrix, that is, soil,

11.6.5 Salinity should be measured (see A3.7) at the begirwater, or tissue. When appropriate, reagent blanks, recoveries,
ning and end of the test. This may be done in subsamples ad standards should be included when samples are analyzed.
noted in 11.6.3.

11.7 Food—It is recommended that food not be added to thel3. Acceptability of Test
test containers because it may affect the results of the test. In 131 A soil toxicity or bioaccumulation test should be
studies of longer duration, that is, over 28 days, the use of foogdgnsidered unacceptable if one or more of the following
may have to be reevaluated (see A1.9.1.2 and A1.9.5). situations occurred.

11.8 Light—To maximize exposure, continuous lighting 13.1.1 Continuous lighting had not been used during the
(15, 38) using either a fluorescent or an incandescent lightest, if soil exposures were intended to be maximized (see
source must be used for testing. A minimum intensity of 37 fc11 8), unless performing the bioaccumulation assay test varia-
(400 lux) is recommended for testir{38). tion with Bermuda grass (see A3.10).

11.9 Biological Data—Effects indicating the toxicity of a ~ 13.1.2 All test containers were not identical (see 7.5 and
test soil include mortality and may include sublethal effects oni1.1).
growth, behavior, reproduction, and physiological processes, 13.1.3 Test organisms were not cultured at the same tem-
as well as observations on external pathological changes, f@ferature as that used for testing (see 7.3.2, 10.5, and 11.5).
example, segmental constrictions, lesions, or stiffness (see 13.1.4 The natural geochemical properties of test soil col-
Al.10). Test containers may be observed on a weekly basis @cted from the field was not within the tolerance limits of the
only at the end of the test. Test soil and organisms are emptiedst species (see 9.4.5).
onto a flat surface, and the organisms are removed and 13.1.5 Appropriate negative and solvent controls were not
evaluated, at the end of the exposure period. included in the test (see 9.2 and 9.5.3).

11.10 Chemical Analyses 13.1.6 The concentration of solvent in the range used

11.10.1 Field-Collected Soils-Soil samples for laboratory affected the survival, growth, or reproduction of the test
testing should be collected from the same grab as for chemicalrganisms (see 9.5.3.2).
analysis. A subsample from the same grab may be used for 13.1.7 All animals in the test population were not obtained
faunal analyses. from the same source, were not all of the same species, or were

11.10.2 Artificial Soil and Field-Collected Soils Spiked in not of acceptable quality (see Section 10).
the Laboratory—Measurement of the concentration of test 13.1.8 Treatments were not assigned randomly to individual
materials in the batches of test soil is desirable at the beginningst chamber locations, and individual test organisms were not
of the experiment. Chemical analyses at several concentratioassigned randomly to test containers (see 11.1.1).
of soil from the test containers may be made at the end of the 13.1.9 Each test chamber did not contain the same amount
test. To monitor changes in soil chemistry during the course 06f soil, determined on a dry weight basis (see 11.2).
the experiment, separate test containers may be set up (includ-13.1.10 The temperature was not within the acceptable
ing test organisms) and sampled as necessary or practical ovange (see A1.9.1.4 and A3.7).
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13.1.11 The negative control soil organisms did not survivedifference in effect is not greater than the statistically signifi-
grow, or reproduce as required for the test species (see 9.2 andnt difference is defined as the NOEC for that end point.

Annex A2). 14.5 Bioaccumulation test results are reported as the mag-
nitude of contaminant concentration above either the Day 0
14. Calculation of Results tissue baseline analysis or the Day 28 tissues from the negative

14.1 The calculation procedures and interpretation of thgontrol or reference soll (that. 15,2 SX.’ 10x) (§ee .A3'9)' .
results should be appropriate to the experimental desigrgther a.pproaches for evalua_tmg data mclut_je kinetics studies
Procedures used to calculate the results of toxicity tests can lylé'th estlmatt_a uptake, depuratlon_ rgtes, a.”d time to stgady state,
divided into two categories: those that test hypotheses antP'd normalization and normalizing soil concentrations of
those that provide point estimates. No procedure should bgOn-ionic organics to TOC (see Guide E 1688). Analysis of
used without careful consideration df)(the advantages and [€ld collected organisms is also an option.
disadvantages of various alternative procedures andppro-
priate preliminary tests, such as those for outliers and heterg=>- Report
geneity. 15.1 Include the following information, either directly or by

14.2 The LC50 or EC50 and its 95 % fiducial limits should reference to available documents, in the record of the results of
be calculated (when appropriate) for each set of data on th@n acceptable soil toxicity test:
basis of the measured initial concentrations of test material, if 15.1.1 Name of the test and investigator, name and location
available, or the calculated initial concentrations. If other LC orof the laboratory, and dates of the start and end of the test.
ECs are calculated, their 95 % fiducial limits should also be 15.1.2 Source of the negative control, reference, or test soil.
calculated. 15.1.3 Method of the collection, handling, shipping, stor-

14.3 Most toxicity tests produce quantal data, that is, countgdge, and disposal of soil.
of the number of responses in two mutually exclusive catego- 15.1.4 Source of the test material; lot number, if applicable;
ries, such as alive or dead. A variety of meth¢#b-44)can be ~ composition (identities and concentrations of major ingredients
used to calculate an LC50 or EC50 and 95 % fiducial limitsand impurities, if known); and known chemical and physical
from a set of quantal data that is distributed binomially andproperties.
contains two or more concentrations at which the percent dead 15.1.5 Identity and concentration of any solvent used.
or effected is between 0 and 100, but the most widely used are 15.1.6 Source and quality of hydration and test water.
the probit, moving average, Spearman-Karber, and Litchfield- 15.1.7 Source, history, and reproductive status of the test
Wilcoxon methods. The method used should take into accourdrganisms; scientific name, name of person who identified the
appropriately the number of test organisms per container. Thiest organism, and taxonomic key used; culture procedures and
binomial test can also be used to obtain statistically soun@ny observed diseases, unusual appearance, or treatments;
information concerning the LC50 or EC50 even when fewersource of culture and date the culture stock was obtained; and
than two concentrations kill or affect between 0 and 100 %biomass of test organism per test container.

The binomial test provides a range within which the LC50 or 15.1.8 Source and composition of food, concentrations of
EC50 should lie. test material and other contaminants, procedure used to prepare

14.4 When samples from field stations are replicated indefood, and feeding methods and frequency.
pendently, the effects at those stations can be compared15.1.9 Description of the experimental design and test
statistically by t-tests, analysis of variance (ANOVA), or chambers; weight (dry weight basis) of the test soil in each test
regression-type analysis. The ANOVA is used to determineontainer; amount of hydration water added to the test soil;
whether any of the observed differences among the samples (tpe and intensity of lighting in the test chamber; number of
concentrations) are statistically significant. This is a test of théest containers and number of test organisms per container and
null hypothesis that no differences exist in the effects amonger treatment; date and time the test started and ended,
the samples (or concentrations) and the control. IfRttestis  temperature measurements during the test; pH values of test
not statistically significant (P > 0.05), it can be concluded thasoils at the start and end of the test; and any other measure-
the effects observed in the test material treatments (or fielthents taken.
stations) were not large enough to be detected as statistically 15.1.10 Methods used for, and results (with standard devia-
significant by the experimental design and hypothesis test usetions or fiducial limits) of, the physical and chemical analyses
Non-rejection does not mean that the null hypothesis is trueof site solil, test soil, and stock solutions.

The NOEC based on this end point is then taken to be the 15.1.11 Definition(s) of the effects used to calculate LC50
highest test concentration test@®). The amount of effect that or EC50s, biological endpoints for tests, and a summary of
occurred at this concentration should be considered. general observations of other effects.

14.4.1 All exposure concentration effects (or field stations) 15.1.12 Atable of the biological data for each test container
can be compared with the control effects by using mearor each treatment, including the control(s) in sufficient detail
separation techniques, orthagonal contrasts, Fisher's methods, allow independent statistical analysis.

Dunnett’s procedure, or Williams’ method. The lowest concen- 15.1.13 Methods used for, and results of, the statistical
tration for which the difference in observed effect exceeds th@nalyses of data.

statistically significant difference is defined as the LOEC for 15.1.14 Summary of general observations on other effects or
that end point. The highest concentration for which thesymptoms.

10



A E 1676 — 97
“afl

15.1.15 Anything unusual concerning the test, any deviation
from these procedures, and any other relevant information.

15.1.16 Published reports should contain enough informa-
tion to identify clearly the methodology used and the quality of

the results.
ANNEXES
(Mandatory Information)
Al. EISENIA FETIDA
Al.1 Significance—Eisenia fetida(Savigny, 1826), Oli- Al.2.2.1 Worms digest the microorganisms from ingested

gochaeta, has many desirable characteristics for a test specissil and organic debris, which illustrates their interactions with
(1) it has a short generation tim@l6);, (2) it reproduces the soil environment. This occurs independently of whether
prodigiously(47), (3) it is collected easily from natural sources mineral matter or fibrous organic material was ingested.
or cultured in the laborator8, 38, 48, 49)and @) data on its  Approximately 2.5 h were required at 25°C for passage of
survival, growth, and reproduction can be obtained in toxicityingesta from mouth to anus fd&. fetida(64).

tests(48, 50-55) Stafford, et a(56) indicated thak. fetidawas Al1l.2.3 Although an increase in temperature within the
the most sensitive species, of those examined, for indicatingange from 13 to 25°C reduces the amount of time needed for
heavy metal availability from soils and dredged sedimeits. a life cycle, Tomlin and Miller(60) report that an increase in
fetidahas been used successfully as a laboratory test organistemperature within this range reduces the number of hatchlings
in many testing mediums, for example, artificial s¢d), per cocoon.

contaminated field soil&, 57), activated sludgés1), sediment

(58), and cow manuré17), Al1.3 Taxonomy-The taxonomic status of what Bouché

(62) calls theE. fetidacomplex is unclear in the literature.
Some authors consider this complex to consist of two subspe-

divided into three distinct phases, according to Jefferies analeS’E' fetida fetidaand E. fetida andrei while other authors

) A consider the complex to consist of two separate speéies,
Audsley (59). (1) the cocoon phase, consisting of an egg, .. L ) .
cocoon that can produce from one to eleven hatchlings undé‘rit'bdsa :ggféii?'ia%gﬂ;e' TTrTéS dg?slcajfsﬁng?:;eéf taon durZ?isthe
laboratory conditiong60); (2) the young (immature) phase, P 9 . '

; . : : uniformly reddish, whileE. f. fetidais striped or banded.
during which the hatchlings grow physically but cannot pro- i .
ducegcocoons; and3) theg agult (rr:wa)tlure) );;hase, whichpis Fender (65) (classifying the two earthworms as different

reached when the worms become capable of producing Cg_pecies instead of subspecies) descriBegetida as having

coons. Adult worms may still grow physically. Tomlin and pigment covering only the center two thirds or so of the dorsal
Miller (60) report a life-cycle foiE. fetidato vary from a mean half of each segment, presenting a strongly banded appearance.

of 51.5 days at 25°C to more than 166 days at 13°C, that | He describe&. andreias having pigment covering at least nine

: : Yenths of the length of each segment dorsally, giving it a nearly
from freshly deposited cocoon through clitellate worm andsolid color. He indicates that the taxonomy in the literature is

deposition of the next generation of cocoons. Reyndg&ig : o RS .
indicates thak. fetidahas a maximum life expectancy of 4 to submerged_ n th_at OE.' fetida” making it unclear which of the
two forms is being discussed.

5 years, although between 1 and 2 years is more usual. )

Al.2.1 E. fetida is an epigeic species, that is, they live and A1'3'1.R0Ch’ et a(E_SG) and Valembois, et a(67) demon- .
feed on the surfac@, 62)that rarely inhak’)its agri’cultural soils strated biochemical dlfferer_mes between the two forms, Qlen
but is found in comp’ost piles, manure piles, and other disturbeand Stenerse(68) and Jaenik69) conducted electrophoretic

! ' work that led them to consider the two forms as separate

sites rich in organic mattgfl2). The rate of soil consumption . LT
; . g species, and Sheppai@0) added research indicating that
in the laboratory forE. fetidahas been estimated at 16 mg ecological differences exist between the two forms. It is

soilfindividual/day (.3.00 mg, live We'gh? |nd|V|dugI£§S). important to know which form is being used as a test organism
Al.2.2 The specific sources of nutrition far fetidaare not for these reasons

Al1.2 Life History—The life-cycle of E. fetida can be

: . ; is, E. f. andrei
tions of glucose and sucrose, but they died or lost weight on’”’

pure cultures of various bacteria and protozoa species. WormsAl1.4 Culture of Test OrganismsThe following culture
confined with a single food source may have been exposed farocedures are adapted from Edwa(d@8) and Greene, et al
the buildup of toxic metabolites produced by the microorgan{18). E. fetida can be reared in a bedding of sphagnum
isms. More work needs to be performed in this area. (Sphagnumpeat moss pH adjusted to 7.0 with pure calcium
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carbonate and hydrated with test water, for example, distilledworm, depending on the type of food source and substrate. This
deionized, or reverse osmosis. Plastic trays measuring approxs approximately 0.02 to 0.08 g of worm/éraf substrate. The
mately 34 by 28 by 14 cm can hold 700 g (dry weight) of peatnumber of worms that a tray holds is a function of the size and
moss hydrated with approximately 2300 mL of reagent waterage of the worms. Adult worms have distinct, fully developed
The trays need to be covered, for example, with plastic, talitella and weigh a minimum of approximately 300 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 nand are approximately 150 to 300 mg in weight. Juvenile
standing water in the bottom of the trays and so that the surfadgoung) worms do not have clitella and are usually less than
of the bedding is not dry. Placing a piece of material such a450 mg in weight. For optimal reproduction, it is recommended
plywood over the plastic will keep it in place. The trays arethat the trays containing 9000 érof bedding hold a maximum
held under continuous lighting at 22 3°C (see A1.9.1.4). of 245 g of worm, that is, 0.03 g/ctnFor example, 350 adult
worms weighing 700 mg each would be equal to 0.03 g/cm
To reduce the population of worms in a crowded tray, first

waste sludge cakér2), (3) horse manurd8), (4) activated prepare a new tray of bed(_JIing. Half of_ this new bedding is
sludge and horse manui@3), and 6) commercial alfalfa removed and placed on a piece of plastic sheeting. Half of the

; ; : bedding containing a portion of worms from the crowded tray
pellets Medicago sativa (57). Alfalfa pellets saturated with s S
test water (at a ratio of approximagel g of dry pellets per 2 is placed into the new tray, and the bedd_mg is m|?<ed by hand.
mL test water) and aged for two weeks in a covered containef N€ half tray of new bedding on the plastic sheet is then added

are consumed readily by. fetida Alfalfa pellets may be less to the old tray of bedding and mixed.

likely to contain unknown compounds than the other feeds and Al4.3 A tray_ V.V”.I periodically need to have its bedding
are therefore recommended. changed, even if it is not overcrowded. Prepare a new tray of

AL1.L The worms shouk b e o o wice e week! 201, 37 lace e conert o e ol ey of bedaing on
depending on the number of individuals in a tray. Any P 9. y

remaining food is removed and discarded at feeding time. Th ontinuously lighted Cl_JIture chamber for_two days, and allow
bedding is then turned by hand to inspect the general conditio, eed;\ilr?m}fotrg tt)#ér?(\)’v Igfcot;geng?,\,wbt;%%?llqngé.?;n(;ios\éz r:jheT(r)]lg
of the worms and the bedding. If any dead worms are notice g P 9 '

they should be removed. The tray should be set aside for mor%rocedurg dqes n_ot recover the.cocoons, and some of the
worms will still be in the old bedding.

frequent evaluation, or it should be discarded, if many dead or 1431 Ifitis critical to save each individual worm and
stressed-appearing worms are found. Test water is added, ando‘ o : :
the bedding is turned again, if the bedding needs mor&ocoon, old bedding that needs changing can be spread onto a
. : . ' .. Sheet of plastic, and every worm and cocoon can be picked by
moisture. Food is sprinkled over the surface of the bedding in . .
téand and placed into a new tray of bedding. Cocoons should be

an amount that has been determined will be consumed by tkburied in the new bedding, but worms can be placed on the

next feeding time. .
f f th Il .
Al1.4.1.2 Some of the pests associated with the culture o?ur ace of the new bedding and allowed to burrow

worms are fungus gnats, soil mites, Collembola (small insects, o1 5 Obtaining Brood Stock—E. fetidzas been reared on

commonl.y called springtails, which are abundant in moist 'e,afearthworm farms and sold in every Canadian province and
mold, soil, and rotten wood), and enchytraeids (small, whiteyerican state for fish bai61). However, bait farms may
worms belonging to the Class Oligochaeta). None of thesgqntain mixtures of. f. andreiandE. f. fetida Reynold(61)

pests in low numbers appears to be a problem for the culture Qf, 4 Fende(65) report thatE. fetidacan be found in manure
healthy worms. Gnats are seasonal and are mostly a nwsangﬁ

Al.4.1 E. fetida have been cultured with a variety of foods,
for example: {) cellulose and activated slud@él), (2) dairy

i es and usually not far from human activity. Fendéb)
for the caretaker of the worms. Large numbers of mites and|assifying the two earthworms as different species instead of

enchytraeids appear to compete for food with the worms, and, \hspecies) states further that if the two earthworms are found
mites have been observed on dead or dying worms. B|0C|d_e|§I the same manure pil&. andreiis usually found in dryer
are not used for the control of pests because of their potentia g tha. fetidaand is often most abundant in or below the
effect on ea_rthworm health or testing sensitiyity. The co_ntrol ofSoil contact region. Starter cultures might also be obtained
pests consists of removal by hand or by disposal of infecteoy yarious institutions, laboratories, and biological firms,
trays. Different geographical regions may have their own,ihough it is important to ensure a pure culture. Field-
distinct types of pests. collectedE. fetidashould be identified using adult worms. The
Al.4.2 Earthworms should be cultured so they are notaxonomic key of Fende65) may be useful for this purpose.
stressed unnecessarily. To maintgirfetidain good condition
and prevent unnecessary stress, the cultures should be kept ap1.6 Handling—E. fetidashould be handled as little as
a constant temperature, the pH should be maintained near 7.&)Ssib|e_ When hand]ing is necessary, it should be done as
feeding should be on a regular schedule, the moisture level qfently, carefully, and quickly as possible, so that the worms are
the beddlng should remain adequate as described in Al1.4, al’ﬂ'@t stressed unnecessar"y_ Any worms that are dropped or
crowding (see A1.4.2.1) should be prevented. injured during handling should be discarded.
Al.4.2.1 Neuhauser, et @6)calculated carrying capacities
for E. fetidg in a volume of 300 criwith a surface area of 78  A1.7 Age—Tests with E. fetida should be started with
cn?, to range from approximately 6 to greater than 23 g ofsexually mature, fully clitellate adult¢s, 8, 18, 48, 57)The
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biomass of earthworms in each test container should bbeen conducted for 56 day6) without the addition of food,
obtained. but consideration should be made for the possible effect of a

A1.7.1 Worms are selected randomly and removed by hantick 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 A1.9.1A1.9.5). _ _ _
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 (se€ndpoints such as coiling, segmental swellings, segmental
11.6.2.1). constrictions, lesions, rigidness, and flaccidness can be used

successfully in toxicity testing76-78)

Al.8 Acclimation—It is recommended that the test organ- A1.9.1.3 Growth and reproduction can be used as biological
isms be cultured and tested at the same temperature (see 1llehdpoints in tests withE. fetida of longer duration, for
Al.4, and A1.9.1.4) so that a period of acclimation to temperaexample, 140 day&2). The use of food must be considered in
ture is not necessary. long-term growth and reproduction studies (see A1.9.1.2 and
- e A1.9.5). The growth of young worms, rate of clitellum devel-

AL.9 Toxicity Test Specifications: opment, number of cocoons produced, cocoon mass, number of

A1.9.1 Experimental Desigr-Decisions concerning the hatchlings per cocoon, and biomass of hatchlings have all been
various aspects of experimental design, such as the number géed as endpoints in research by Reinecke and Véhi®y
concentrations and number of test containers and earthwormgalecki, et al(52), Van Gestel, et a(55), and Venter and
per concentration, should be based on the purpose of the teRkinecke(79) with xenobiotics. The importance of controlling
and the procedure used to calculate the results. environmental factors such as pH, temperature, and moisture

A1.9.1.1 Neuhauser, et gb) used a minimum of five content in growth and reproduction tests has been demon-
concentrations, with four replicates for each test concentratiostrated by Van Gestel, et €0).
and ten worms per test container, for a definitive test in A1.9.1.4 Although Heimbach and Edwar¢33) testedE.
artificial soil. Each test container consisted of a glass dish 6.ftidasuccessfully within the range from 10 to 26°C (see 11.5),
cm in height and 12.5 cm in diameter (0.8 L) that containetthe majority of the testing witl. fetidahas been conducted
400 g (dry weight) of test soil. Haque and Ebi@#) used five  within the temperature range from 18 to 25¢& 15, 31, 48,
concentrations, with three replicates for each concentration argb, 57, 75, 76)Van Gestel, et a80) report that a temperature
six worms per container, for a definitive test in artificial soil. range from 20 to 25°C is optimal fdE. fetida Kaplan, et al
Test containers were 1-L glass jars and held 500 g (dry weigh{)73) report thatE. fetida survived best over the temperature
of test soil. Greene, et §18) recommended a minimum of five range from 20 to 29°C and that mortality was produced at 5 and
concentrations, with three replicates per concentration and te3g°C. A temperature range from 19 to 25°C is highly recom-
worms per container, for a definitive test in site soil mixed withmended for testing, but the temperature range must not fall
artificial soil to make a “dilution” series. Test containers werepelow 10°C(33) or above 29°Q73). (See Table A1.1.)

473-mL glass jars that held 200 g (dry weight) of test soil. ~ A1.9.1.5 E. fetida has been tested under continuous light-

(1) It is recommended that a minimum of five concentra-ing and with a photoperiod of 12 h light and 12 h dark. A
tions, with a minimum of three replicates per concentration, beontinuous lighting regimen is recommended in order to help
used for a definitive test. Ten worms per container is recomkeep the photosensitive earthworms burrowing. When mea-
mended. sured, lighting intensity has been reported for toxicological

(2) Using the data on the rate of consumption of soil giventesting withE. fetidafrom 37 to 100 fc (400 to 1080 Ix). A
in A1.2.1 and assuming that a 600-mg individual would minimum of 37 fc is recommended for testing (see Table A1.1).
consume twice as much soil as a 300-mg individual, a 28-day A1.9.2 Test Containers-Glass testing containers have been
test with ten worms weighing 600 mg each would consumeysed by most researchers wifs. fetida Glass, 473-mL
only 9 g of soil. High stocking densities, that is, gram canning jars are convenient and have been used successfully
earthworm/gram soil, may increase the possibility that earthwith 200 g (dry weight) of test so{{18). Canning jar lids may
worms would ingest soil more than once, which may affect these used for a cover and held in place with the screw ring. A
uptake (and therefore toxicity) of compoun@. Under high  small (1 to 2 mm) hole should be placed in the center of the lid
stocking densities, the death of an individual earthworm duringo allow for air exchange.

a test may also be more likely to influence the remaining A1.9.3 Day Prior (Day — 1) to Initiation of Test

individuals adversely. It is recommended that each test con- A1.9.3.1 Test soils are hydrated and mixed well into
tainer hold 200 g (dry weight) of test soil. This amount is well batches, separated into replicates, and placed into test contain-
above the potential amount that ten earthworms would processs that are placed into the test chamber for overnight equili-

in 28 days. If hazardous waste soils are being evaluated in gration (see 11.2). No standing water should be present in the
laboratory setting, it is important to try to reduce the amount of

soil being transported from field to laboratory and the amount tag| £ A1.1 Test Specifications for the 14-Day
of waste generated by the laboratory, both from an economical Toxicity Test
and environmental viewpoint.

Eisenia fetida

. . . Test Duration 14 days
A1.9.1.2 The duration of the test, with mortality as the Biological Endpoint Mortality
endpoint, is typically 14 dayg16, 57, 74, 75) with an Temperature 19-25°C
. . . . . . Photoperiod 24 h/400 to 1080 Ix
evaluation at seven days being optional. Tests investigating the Test Containers 473-mL glass jars

bioaccumulation of xenobiotics in field-collected soils have

13



A E 1676 — 97
“afl

test containers. If a site, reference, or artificial soil is spikedmixed together to form the batch for each concentration from
with chemicals or compounds in solution, the solution is usedvhich the replicates are taken.
as part of the hydration water. (3) Tests With Artificial Soil Spiked With Compourds$ a

(1) Tests With Whole (100 %) Site or Reference-Stfithe ~ series of concentrations is prepared by spiking artificial soil
negative control is artificial soil, it is hydrated to 35 to 45 % of With solutions of compounds, the artificial soil is hydrated to
its dry weight, for example, 660 g (dry weight) would be 35 to 45 % of its dry weight with test water and the chemical
hydrated with 231 to 297 mL of water. The site and referencéolution combined to make the necessary amount of hydration.
soils are also hydrated to 35 to 45 % of their dry weight. Sincéf a series of concentrations is prepared by spiking artificial soil
most soils collected in the field contain some moisture, thigvith dry chemicals, the chemical is first mixed into the
moisture content is obtained and used for determining hovrtificial soil very well. The artificial soil is then hydrated with
much additional water to add to the soils to gain a hydratiorfest water, and the batch is mixed again very well before being
level of 35 to 45 %. separated into replicates.

(a) Hydrating soils to a standard level is problematic. Due to Al9.4 Earthworms are |ntrod.uced to the test containers the
the variation in water holding capacity (influenced by factorsd@y after the equilibration period (Day 0). Groups of ten
such as soil texture, structure, and organic matter contenﬁa”h‘("orms must be assigned randomly to the individual test
between soils, one soil may appear very wet and even ha\;g)r?talners. Earthworms are remove(_JI from the cuItl_Jre trays and
standing water on the surface after hydration to 45 % of its dryV€ighed in groups of ten to obtain the total biomass per
weight, and another soil may appear considerably dryer afte.qontamer. The earthworms are placed on the surface of the soil
the same level of hydration. An alternative method for hydrat!" the container and allowed to burrow (see 11.3). The test
ing site and reference soils is to use the artificial soil wherfontainers must be placed into the test chamber randomly.
hydrated at 45 % of its dry weight as a standard. The site and A1.9.4.1 The worms are purged before weighing if weight
reference soils can be hydrated to a level approximating th#Ss is to be an endpoint (see 11.6.2.1).
appearance of the artificial soil. Another alternative is to Al1.9.5 Feeding—Itis recommended that food not be added
measure the water holding capacity of the soil and then hydraf® test containers for tests28 days in duration (see 11.7).
the soil to 75 % of the water holding capacity val@@8).  Stafford and Edwardg5) suggest that the results of a test may
Measuring the water potentig81), for example, using a be affected by the addition of food due to potential binding
tensiometer, of the soil may prove to be a better method oproperties of the feed and potential selective feeding by the
hydrating soils. The water potential of artificial soil hydrated to€arthworms. In tests longer than 28 days, the use of food may
35 to 45 % of its dry weight could be determined. Soils couldhave to be reevaluated, depending on the purpose and end-
be hydrated to the water potential value obtained for thédoints of the test (see A1.9.1.2 and A1.9.1.3).
artificial soil using this as a standard. Some variation in the
moisture content between soils being evaluated may be accept-A1.10 Biological Data—Observations may be made at 24
able based on the results of the research noted immediatelyto evaluate burrowing or non-burrowing without opening the
below. Studies by Stafford and Edwar@ with Eisenia fetida  test containers. Mortality and sublethal evaluations may be
and five different soils found that a variation in moisture eévaluated on a weekly basis. At the end of the test, the test
content of 25 to 45 % (presumably moisture content on a wegontainers are emptied onto a flat surface, and the earthworms
weight basis) made little difference in the rate of weight loss inare accounted for and evaluated (see 11.9). Mortality is defined
the earthworms. Using 2-Chloroacetamide and Benomyl ir@s a lack of response to a gentle mechanical stimulus, for
artificial soil with Eisenia fetida Heimbach and Edward83)  example, touch with a small spatula or glass rod, to the anterior
found that changes in the water content of the artificial soilend of the worm(38). Earthworms may die and decompose
from 17.5 to 51 % of its dry weight had little influence on the within a 14-day testing period, so if all of the individuals are
toxicity of the chemicals. not accounted for at the end of the test, it may be assumed that

(b) A sediment can be defined as a naturally occurrin hey_died an_d decomposed completely. Surviving worms may
particulate material that has been transported and deposited 2 finsed with test water and evaluated for behavioral and
the bottom of a body of water, or an experimentally preparedaxternal pathologg:al endpo_mts. The foIIowmg endpoints have
substrate within which the test organisms can interact (seB€€n used in various studies: non-burrowif¥y, segmental
Guide E 1383). The definition of a soil as defined within thisSWelling (7, 48, 78) lesions/ulcerg7, 48, 78) cailing (7, 48,
guide (see Section 3) indicates that a soil is not usually covereff): Shortening/stiffenind7, 48, 78, 82)flaccid/elongated?,
by water. It is sometimes difficult to distinguish between a soil 78), Ségmental constriction§6, 78) and tail end autotomy
and a sediment that has been dried out or deposited on dry lan@3)- Other endpoints may be developed.

Although earthworms can survive in a sediment for the A1.10.1 If weight loss is being used as an endpoint, the
duration of the test if the dissolved oxygen content is adequataurviving earthworms should be washed and purged (see
earthworms are not recommended for the evaluation of sedit1.6.2.1) before weighing.

ments, that is, sediments taken from below a body of water. A1.10.2 An E. fetida soil toxicity test, independent of

(2) Tests With Site Soil Diluted With Artificial SeilThe  duration, is unacceptable if the mean survival of all negative
artificial soil portion of each concentration is hydrated to 35 tocontrol containers is less than 90 % (see Section 13).

45 % of its dry weight. The site soil portion of each concen-
tration is hydrated as irlf above. These two portions are then A1.11 Test Measurements:
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Al1.11.1 pH—If a concentration series is being tested, the A1.11.2 Percent Moisture-If a concentration series is be-
initial pH should be checked in the high and low concentrationsng tested, the initial moisture content may be measured in the
at a minimum. If a number of different undiluted site soils arehigh and low concentrations. If a number of different undiluted
being tested, pH should have already been measured in easfie soils are being tested, moisture content measurements will
soil (see 9.4.3). pH should also be measured in the negatiigave already been measured on the site soils (see 9.4.3).
control (and reference soil, if used). Initial pH is measured invojsture content may also be measured in the negative control
a subsample taken from the batch preparation for each tregfang reference soil, if used). Initial moisture is measured in

ment. _ _ _ subsamples taken from the batch preparation for each treatment
Al1.11.1.1 At the conclusion of a test with a series of 4.4 is determined gravimetrically.

concentrations, the pH is checked in subsamples of soil from .
one of the replicates of the control (and reference soil, if used), AL.11.2.1 Atthe end of the test, moisture may be measured

high and low concentrations. It is preferable that a replicatd? ©n€ Of the replicates of the high and low concentrations and
without any mortality be used for pH because the process df'® Negative control (and reference soil, if used).

decay may alter the pH. If a test with undiluted site soils has A1.11.3 Temperature-A copy of the temperature graph (or
been terminated, a sample for pH is taken from one replicate deémperature/humidity graph) may be attached to the paperwork
each soil plus the control (and reference soil, if used). Carat the termination of the test (see 11.6.1).

should be exercised to avoid a sample of soil containing dead

worms.

A2. ARTIFICIAL SOIL COMPOSITION

A2.1 The atrtificial 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 soil&38). The following constituents  pH to 7.0+ 0.5. The exact amount of calcium carbonate used
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 pum) 20 % i X
(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 UTILIZING EISENIA FETIDA

A3.1 Scope: A3.3 Age—Tests withE. fetidashould use sexually mature

A3.1.1 This annex covers the additional procedures refully clitellate earthworms (see A1.7).
quired to perform arkisenia fetidabioaccumulation test.

A3.1.2 Significance-Eisenia fetidabioaccumulation test- ~ A3.4 Acclimation—See 11.5, Al.4, and A1.9.1.4).
ing. Bioavailability can not be determined from chemical
analysis of the soil aloné84). Earthworm bioassays are an A3.5 Test Specifications:
important tool to determine soil toxicity, and potential bioac-  A3.5.1 Experimental Desiga-Decisions concerning the
cumulation with respect to the (;ontam_lnant.ave}l!abmty in SO!'-various aspects of experimental design, such as the number of
Amethod to determ|ne contaminant b|0aVa|Iab|||ty a.nd mob”-replicateS, the number Of test ContainerS, and the mass Of

ity utilizing the earthwormEisenia fetidahas successfully —earthworms, should be based on the amount of tissue material
evaluated the following contaminants; metals, PAHs, PCBspeeded for chemical analysis.

pesticides, and butyltin3, 10, 85, 87-91, 94)The bioacCu- A3 5 > Test Materia—Test materials used have been pri-

mulation assay adds information on bioavailability and con, 5\ enriched dredged material. Soils used in this method are
taminant mobility of specific contaminants from soil to the soil

dweli h 4 th il ¢ ) the following: soils collected from potentially contaminated
welling earthworms, and the potential for contaminant MoVex;iag reference soils collected from uncontaminated sites, and

ment to higher organisms (birds, mammals, fish, amphibians; heqative control material such as earthworm culture media
reptiles, and insects) linked to worms in the food web. for use in evaluating test acceptability

A3.2 Culture of Test OrganismsEarthworms are obtained  A3.5.3 Test Containers-Test material is placed in transpar-
through either culture procedure (see Al1.9.1.4) or orderingnt plexiglass cylinders 30 cm deep and 15 cm in diameter. The
earthworms. A recent study has shown that reasonable controylinder ends are closed with a 17-cm in diameter PVC and
charts have been maintained with earthworms from an outsideither 340 p Nytex mesh or cotton muslin cloth. The bottom
source(86). end is then placed in a 20-cm diameter plastic dish of test water
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to allow water movement into the substrate and allow earth25°C. Acceptable pH range is between 4 and1&). 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- mended to prevent earthworm escape, encourage maximum

worms should be analyzed for the contaminant(s) of concern asxposure to test material, and to discourage contact with

a Day 0 background tissue sample. The Day 0 backgroundontainer sides. (See Table A3.1.)

tissue sample is used to determine contaminants present in ) .

earthworms prior to the test and should not be confused with A3.8 Chemical Analysis:

any negative control or reference tissue samples which are A3.8.1 Test Material Analysis-All test materials should be

exposed to test cylinders for the full 28 days and serve t@nalyzed for the contaminant(s) of concern prior to test

determine test acceptability. If greater than 10 % mortality isinitiation.

seen in a negative control or reference test containers than thatA3.8.2 Tissue Analysis-A random baseline tissue analysis

test is considered invalid and is rerun. If the test fails a seconts performed on Day 0 and all tissues exposed to test cylinders

time it is assumed that the earthworms can not survive in thare analyzed on Day 28.

given soil and therefore contaminant bioaccumulation in the A3.8.3 Analytical Methodology-See Section 12.

earthworm is not a concern. Prior to testing, earthworms are ) o

rinsed with test water, and placed on paper towels to remove A3.9 Test Evaluatioa-This bioassay has been used suc-

excess water. On Day 0 the mass of earthworms needed for tﬁgssfully in evalugtmg contaminant bioavailability and mobil-

particular chemical analysis procedures for the contaminant(d§y on several projectg3, 10, 85, 87, 88, 89, 90, 91, 94ata

of concern are added to the test cylinder. Test containers haw® reportgd in tables comparing whether the contaminant

accommodated up to 30 g-75 earthworms)/cylindefo1). concentrations of Day 28 tissue exppsed to the_ test soll are
A3.5.5 Day (28) Test BreakdowrOn Day 28, earthworms significantly d|fferenf[ from the Day O tissue baseline analy5|s,

are removed, rinsed with test water, blotted, counted, an@nd the Day 28 tissue exposed to the reference soil. If

weighed. Depuration of the earthworms is then recommendeﬂgﬂ'f'ca”tly different, the_ Day 28 tissue contaminant data. are

for 24 h on moist filter paper. Earthworms are then rinseddiscussed as the magnitude above either the Day 0 tissue

reweighed, and frozen in preparation for chemical analysis. baseline analysis or the Day 28 tissues from the reference soil

(that is, 2<, 5%, 10X). Other approaches for evaluating data

A3.6 Feeding—Test materials used have been primar"yindude kinetics studies with estimate uptake, depuration rates,

enriched dredged material, therefore, not requiring an addiand time to steady state, lipid normalization and normalizing

tional food sourcg3, 10, 85, 87, 88, 89, 90, 91$oils with less ~ Soil concentrations of non-ionic organics to TOC (see Guide

nutrients tested with this procedure may require added foo& 1688). Analysis of field collected organisms is also an

due to test length{92). Any food added would need to be option.

chemically analyzed for concentrations of contaminant(s) of

concern. (See A1.9.1.2 and A1.9.1.3) A3.10 Test Variations—Variations on the above procedure

have also been successfully used.

A3.7 Quality Control Parameters-Temperature, pH, per-  A3.10.1 Anin-situ bioassay using the same procedure as
cent moisture, and salinity should be controlled and monitoreébove with a 7.5.1 polyethylene bucket with screen-covered
throughout the test. Ideally these parameters should be tH®les in the base and lid to allow air and water but not
same as in the field, and within the range of the earthwormsarthworm exchange. Test containers were implanted 25 cm
temperature, and pH requirements. Acceptable temperatureep (soil level) and filled with the material removed from the
range is from 10 to 29°C with a recommended range of 19 tdole (87).

A3.10.2 Another variation was developed with the recom-
mendations to add a more realistic approach to field disposal
site conditions by considering effects of natural site vegetation
—  1B-cm PVC RING (93). This variation is conducted with Bermuda grass planted
in the cylinderg91). The procedure differs as follows; On day
0, 1 gm of Bermuda grass seeds are spread over the cylinder
15-em PLEXEGLASS CYLINDER surface. Seeds are covered with 1 mm of peat moss and lightly
TEST MATERLAL watered with RO water. Each cylinder received 125 mL of a

COTTOMN MUSLIN

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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dilute (600 mg/L of water) solution of soluble plant food prepared for chemical analysis. The following alterations are
(13-13-13), during the first two weeks to enhance seed sprouthade in the temperature and lighting test conditions to promote
ing. Excess water collecting in plastic trays was poured off. Orgrass growth: temperature 22°C (night) to 29°C (day), accept-
Day 30 earthworms are added. On Day 60 Bermuda grass &ble lighting for this study is 400 lux illumination for a period
harvested, earthworms are counted, weighed, and both acd 14 h light/10 h dark.
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