[‘IM) Designation: E 1197 — 87 (Reapproved 2004)

—~yl’
INTERNATIONAL
Standard Guide for
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Conducting a Terrestrial Soil-Core Microcosm Test
This standard is issued under the fixed designation E 1197; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope D 2488 Practice for Description and Identification of Soils

1.1 This guide defines the requirements and procedures for _(Visual-Manual Procedure) _
using soil-core microcosms to test the environmental fate, D 3867 Test Method for Nitrite-Nitrate in Water
ecological effects, and environmental transport of chemicals 2-2 U.S. Environmental Protection Agency:
that may enter terrestrial ecosystems. The approach and theEnvironmental Effects Test Guidelines, EPA 560/6-82-002,
materials suggested for use in the microcosm test are also 198_21 o
described. Chemical Fate Test Guideline, EPA 560/6-82-003, £982
1.2 This guide details a procedure designed to supplé
site-specific or possibly regional information on the probable L
chemical fate and ecological effects in a soil system resulting 3-1 Definition: _ _ _ _
from the release or spillage of chemicals into the environment 3-1.1 soil-core terrestrial microcosm-an intact soil-core
in either liquid or solid form. containing the ngtural assemblages of biota surr_ounded by.tlhe
1.3 Experience has shown that microcosms are most helpfigoundary material. The system includes all equipment, facili-
in the assessment process after preliminary knowledge aboligS: and instrumentation necessary to maintain, monitor, and
the chemical properties and biological activity have beerfOntrol the environment. - _
obtained. Data generated from the test can then be used to3-2 Description of Terms Specific to this Standard:

compare the potential terrestrial environmental hazards of a 3-2-1 terrestrial microcosm or micro-ecosystema physi-
chemical. cal model of an interacting community of autotrophs, omni-

1.4 This standard does not purport to address all of theVOres; herbivores, carnivores and decomposers within an intact
safety problems, if any, associated with its use. It is theSoil profllg. The forcing fynct|ons, for gxamplg, light intensity
responsibility of the user of this standard to establish appro-2nd duration, water quality and watering regime, temperature,

priate safety and health practices and determine the applica@nd toxicant dose for the test system, are under the investiga-
bility of regulatory limitations prior to use. tor's control. This test system is distinguished from test tube

and single-species toxicity tests by the presence of a natural

. Terminology

2. Referenced Documents assemblage of organisms. This assemblage creates a higher
2.1 ASTM Standards2 order of ecological complexity and, thus, provides the capacity
D 422 Test Method for Particle-Size Analysis of Soils to evaluate chemical effects on component interactions and
D 511 Test Methods for Calcium and Magnesium in Waterécological processes. Certain features of_this test system,
D 515 Test Methods for Phosphorus in Water however, set limits on the types of questions that can be

D 1426 Test Methods for Ammonia Nitrogen in Water addressed. Those limitations are related to scale and sampling,

D 2167 Test Method for Density and Unit Weight of Soil in Which in turn constrain bothaj the type of ecosystems and
Place by the Rubber Balloon Method species assemblages on which one can gain information, and

D 2216 Test Method for Laboratory Determination of Water (0) the longevity of the test system. N
(Moisture) Content of Soil, Rock, and Soil-Aggregate 3-2-2 physical, chemical, and biological conditions of test
Mixtures systera—determined by the type of ecosystem from which the

test system was extracted and by either the natural vegetation

* This guide is under the jurisdiction of ASTM Committee E47 on Biological
Effects and Environmental Fate and is the direct responsibility of Subcommittee————————————
E 47.02 on Terrestrial Assessment and Toxicology. 4 Available from the Office of Pesticides and Toxic Substances, Washington, DC.
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in the ecosystem or the crops selected for planting. Vegetatiomodifications, it may be adapted for that purpose by the
and crop selection are constrained and determined by the sinedividual investigator.

(width and depth) of the soil core extracted. 4.3 Specifically, this guide is used to determine the effect of
3.2.3 boundaries—the boundaries of the test System areg chemical On:() growth and reproduction of either natural
determined by the size of the soil-core and the space needed foassIand vegetation or crops, ar@) qutrient uptake and
vegetative growth. . cycling within the soil/plant system. Additionally, the soil-core
3.2.4 light—light for the test system can be supplied by microcosm will provide information on1j potential for
artificial means in either a growth chamber or a greenhouse, Qfipaccumulation (enrichment) of the chemical into plant tis-

it can be the natural photoperiod occurring in a greenhouse. Kyes, and2) the potential for and rate of transport of the
the test is performed in a growth chamber, the daily photopeghemical through soil to ground water.

riod should be equal to or greater than the average monthly

incident radiation (quantity and duration) for the month in with information on the chemical and biological activity of the

which the test IS being _5|mul_ated. During extremely_ Shorttest substance to assess the relative environmental hazard and
natural photoperiods, which might not allow for flowering or the potential for environmental movement once released.

seed-set, photoperiod should be artificially lengthened to in- . . . . .
P b y 1eng 4.5 The test methods described in this guide are designed

duce those responses. . S ) . o o
3.2.5 water—water for the test system should either bespemﬁcally for liquid or solid materials. Significant modifica-

purified, untreated laboratory water or should be precollected!Ons Of the exposure system would be necessary to accommo-
filtered rainwater from the site or region being evaluateddate chemicals that are volatile or that may be released in a

Chemical characterization of the water, either laboratory o@@S€ous or aerosolized form. For methods that could be
rainwater, is required and must be performed using Tespdapted for use with volatile or gaseous test substances see
Methods D 511, D 515, D 1426, and D 3867. Refs(3, 4, 5, 6).

3.2.6 soil—the soil-core used for the microcosm test should 4.6 Results of a multi-year soil-core microcosm test have
be an intact, undisturbed (nonhomogenized) core extractegeen correlated with data derived from a series of multi-year
from a soil type typical of the region or site of interest. The field plot tests for a limited number of materials. Information
core should be of sufficient depth to allow a full growing on the correlation between microcosm and field results can be
season for the natural vegetation or the crops selected, withofaund in Refs(7, 8, 9, 10).
causing the plants to become significantly rootbound. Distur-
bances during extraction and preparation should be kept to 2 Chemical Characterization of Test Substance and Soil
minimum. It should be noted that soil characteristics play an

important role in how the microcosm responds to a test . . . . .
P b 5.1.1 Minimum information required to properly design and

substance. In addition, within-site soil heterogeneity also duct _ " test chemical includes the chemical
influences the microcosm response and contributes to a loss gpnductan experiment on a test chemical Includes the chemica

sensitivity of the test. The approach used in this test systen"?,our.ce’ cqmposﬂmn, degree of _punty, T‘a“”e gnd_quantlty of
however, is based on a comparison of responses among afgy impurities preser)t., and certain physiochemical information
between treatments rather than on the absolute values m Ich as water solubility and vapor pressure at 26T, 12).
sured. Ideally, the structure of the test chemical should also be known,
3.2.7 biota—the biota of the microcosm are characterizegincluding functional groups, nature and position of substituting
by the organisms in the soil at the time of extractfan2f and ~ 970UPS, and degree of saturation. The octanol-water-partition

by the natural vegetation or crops introduced as the autotrophfP€fficient, the dissociation constant, the degree of polarity, and
component. The biota may include all heterotrophic andhe pH of both pure and serial dilutions should also be known.

carnivorous invertebrates typically found in the soil and all soil Where mixtures are involved or where a significant impurity
and plant microbes. (>1 %) occurs, data must be available on as many components

as practical. However, the octanol-water-partition coefficient
4. Significance and Use (Kow) Stands out as the key value. Soil sorption coeffici&q] (

4.1 This guide provides a test procedure for evaluating thd" SOrPtion constani(,J can be estimated from ldg,, using

potential ecological impacts and environmental transport of éh_ehorgam% matter ;:ontent. W?ter SIOIUb.'fI't%'. canlbe_prledlcted
chemical in an agricultural (tilled, low-till, or no-till) or natural with some degree of accuracy from Bgy if t IS value Is less
field soil ecosystem that may be released or spilled into th an seven. In combination with other chemical characteristics,

environment. The suggested test procedures are designed 4 Kowcqn also be used Fo estimate Henry’s. Law anstant and

supply site-specific information for a chemical without havingt us provide a rough estimate of the potential volatility of the

to perform field testing. (See EPA 560/6-82-002 and EPA 560f€St substance from soil solutions.

6-82-003.) 5.1.2 Several tests may be needed to supply information on
4.2 This guide is not specifically designed to address fate ofnvironmental mobility and stability. Support information on

chemicals in soils of forested ecosystems. However, with somBhytotoxicity, the physicochemical nature of the chemical, its
mammalian toxicity, or its ecological effects (for example,

species-specific L, invertebrate toxicity, biodegradability)

6 The boldface numbers in parentheses refer to a list of references at the end Ot ONly assist in proper des'Qr? of the microcosm experiment,
this guide. but also are useful in assessing the fate and effects of the

4.4 The results of this test should be used in conjunction

5.1 Information Required on Test Substance
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chemical in a terrestrial microcosm. If the chemical is radio-diameter tube of plastic pipethat is made of ultra-high
actively labeled, the position and specific element to be labeletholecular weight, high-density, and nonplasticized polyethyl-
should be specified. ene and contains an intact soil core (40 cm) covered by
5.1.3 It is imperative to have an estimate of the testhomogenized topsoil (20 cm). The natural grassland micro-
substance toxicity to mammals as a precaution for occupationglbsm is an intact totally undisturbed 17-cm diameter by 60-cm
safety. In addition, hydrolysis or photolysis rate constantgleep test system. The plastic pipe should be impermeable to
should be known in order to determine necessary handlingvater, light-weight, tough, rigid, and highly resistant to acids,
precautions. When a radiolabeled material is used, normdiases, and biological degradation. Additionally, one should use
laboratory techniques for radiation safety provide an ampleglastic pipe that does not release plasticizers or other com-
margin of safety(13), except for chemicals in the “very highly pounds that may interfere with test results. This tube sits on a
toxic” category (rat oral LDs, <1 mg/kg). In this case a Buchner funnel that is covered by a thin layer of glass wool.
combination of radiation safety and chemical safety procedure§he funnel and tube are washed with 0.1 N HCI prior to use
should be followed. For additional information on individual and are re-useable for future tests.
compounds, see Refd4, 15, 16,and17). 6.1.2 Six to eight microcosms are typically contained in a
5.1.4 Water solubility, soil sorption and octanol-water par-moveable cart, which is packed with insulated beads, to reduce
titioning, and vapor pressure largely will control the physicaldrastic changes in temperature proffie 19) (Fig. 2). Cart
transport and bioavailability of a test chemical in soil. Water-dimensions are determined by the environmental chamber size
soluble chemicals are likely to move with soil water into theor the maneuverability required in the greenhouse. Carts are
water films surrounding soil particles and root surfaces. Mostmounted on wheels so the cart can be moved within the
microbially-mediated biodegradation occurs in the water-greenhouse in a manner defined by statistical requirements to
containing microsites of soil particles. Plant uptake and bioacmake exposure to light and temperature more uniform.
cumulation is largely a function of water transfer to roots and 6.2 Soil Core Extraction
solubility in fatty tissues. In addition, water-soluble chemicals 6.2.1 Soil cores are extracted from either a natural grassland
and their transformation products may be leached to groundcosystem or a typical agricultural soil in the region of interest.
water. Water solubility of an organic chemical is a function of The intact system is extracted with a specially designed, steel
the dissociation of ionic compounds and the polarity ofextraction tubd7, 8, 9, 19, 20, 21jFig. 3) and a backhoe. The
nonionic compounds. steel extraction tube encases the polyethylene pipe to prevent
5.1.5 Compounds with very high vapor pressures (boilinghe tube from warping or splitting, or both, under pressures
point <80°C or vapor pressure >25 mm Hg) are not suitable focreated during extraction. For the agricultural microcosm, the
testing in the terrestrial soil-core microcosm described in thigplowed topsoil is moved aside and saved. Once the core is cut
guide. According to Refg6, 18), modification of the test by the leading edge of the driving tube, it is forced up into the
system should be useful for handling gaseous or aerosolizedicrocosm tube. For the natural grassland ecosystem, the
chemicals. vegetation is clipped before the core is extracted. The soil-core
5.2 Information Required on Soil microcosm is later removed as a single unit (soil and plastic
5.2.1 Soil sorption of an organic molecule depends orPipe) from the extraction tube and taken to the laboratory. For
several properties of the chemical (molecular size, ionidhe agricultural microcosm, the topsoil is backfilled into the
speciation, acid-base properties, polarity, and nature of fund/pper 20 cm of the microcosm tube. The extraction procedure
tional groups) and of the soil (for example, organic matteras described here does disrupt and compress the soil-core to a
content, clay content, clay mineralogy and nature, pH, wate€ertain extent. This should not, however, influence the conclu-
content, bulk density, cation exchange capacity, and percesions drawn from the tests because the evaluation is being
base saturation). Highly sorbed chemicals may displace inoerformed on the difference between the response of treatments
ganic nutrient ions from exchange sites in the soil and also mayersus controls rather than the absolute response.
be effectively immobilized, depending on soil pH. Thus, 6.2.2 Detailed chemical and physical properties of the soil
chemicals attracted more strongly to soil surfaces than to watén the test systems are to be determined using USDA nomen-
may be very immobile in soil. In some cases, this may rende¢lature. Information such as pedologic identity, according to
the compound relatively resistant to biodegradation. In othethe USDA 7th Approximation Soil Classification System,
cases, however, immobilization of the compound on soilpercent organic matter, hydraulic characteristics, cation ex-
particles may render it susceptible to extracellular enzymatichange capacity, bulk density, macro- and micro-nutrient
degradation. Specific information on descriptive data required¢ontent, organic matter content, mineralogy, exchange capac-

for soil can be found in 6.2.2. ity, particle-size distribution, hydraulic characteristics, and
other important characteristics should be measured before and
6. Terrestrial Microcosm Extraction and Maintenance after the experiment, depending on the relative hazards of the

test substance (see Ré€®2, 23),Test Methods D 422, D 2216,

6.1 Microcosm and Cart Design ; . .
6.1.1 The 60-cm deep by 17-cm diameter terrestrial soil-and D 2167, and Practice D 2488). The history of the soil,

core microcosm is designed to yield pertinent information
about a chemical for either a natural grassland ecosystem or an

ag_”CUItural ecosystem plantgd with a 'mult|ple-s'peC|es Crop 7 pjastic piping such as Driscopipe is available from Phillips Petroleum Co., 403
(Fig. 1)(7, 8, 9, 19, 20)The agricultural microcosm is a 17-cm Johnstone St., Bartlesville, OK 74004, and has been found suitable for this purpose.
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High Density
High Molecular Intact
Weight Soil Core

Polyethylene

Glass Wool

Buchner Funnel

FIG. 1 Microcosm Structure and Materials (8)

including previous crops grown, pest control, and other man- 6.3.2 The seed application rate should duplicate standard
agement practices used, should be documented to assist in tfeming practice for the region of interest. Seeds should be
interpretation of the results. planted evenly and covered with an appropriate depth of soil.
6.3 Microcosm Vegetation and Harvesting Similarly, the method used to apply the test substance should
6.3.1 For the natural ecosystem (undisturbed grassland) teapproximate the way in which the test substance might arrive
system, natural plant cover should be sufficiently diverse to bat the site in question. For example, solid test substances might
representative of plant species in the ecosystem of interedbe mixed with the topsoil before planting, thus mimicking the
When the agricultural microcosm is used, a mixture of grasseplowing of an agricultural field before seed is sown. Alterna-
and broad leaves (for example, legumes) should be includetively, it may be dusted on the surface to simulate dry
Two or three species of grasses or legumes that are typicallyeposition.
grown together as an agricultural crop in the region of interest 6.3.3 For an agricultural system, harvesting of plant tissues
should be chosen. The species chosen must have compatilsleould be consistent with those practices used in a given
growth habits and be able to grow to maturity in the smallregion. Plants from either the natural grassland ecosystem or
surface area (240.5 @nof the microcosm. In some cases, it the agricultural test unit are harvested from each microcosm at
may be appropriate to select a grain crop normally grown fothe end of the test periad 9, 24).They are then air dried and
human consumption to evaluate the uptake of the radiolabeletien oven dried. In the range-finding test (see 7.3.1) the crop is
test substances and their degradation prod{rgts harvested four weeks after first exposure to the test substance.
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FIG. 2 Arrangement of Microcosms in Insulation Filled Cart (9)

In the definitive test (see 7.4.1) plants may be harvested one or 6.4.3 Leachate is collected in flasks washed with 0.1 N HCI
two times during the 12-week growing period or at the end ofafter excess laboratory water or rainwater has been added to
the test. The definitive test may need to be extended beyond tleach microcosm. The 500-mL flask is attached to the Buchner
12-week test period to accommodate plant species that takannel with polyvinyl chloride tubing to facilitate leaching
longer to reach the desired maturity (for example, seedvithin a 2-day period (see Fig. 2). Fifteen percent more soil
production). cores are extracted than are required for a combination of both
6.4 Microcosm Watering and Leachate Collection the range finding and definitive tests. When the microcosms are
6.4.1 Microcosms are watered as dictated by a predeteteached before planting, those which do not leach, or leach too
mined water regime, usually established on the basis of sitquickly, or take longer than two days to produce 100 mL of
history, with either purified laboratory water (for example, leachate after the soil has been brought to field capacity are
distilled, reverse osmosis) or with rainwater that has beemnliscarded.
collected, filtered, and stored in a cooler at 48719, 21).If 6.5 Greenhouse and Growth Chamber Environments
comparisons are being made between microcosms and fieMicrocosms in insulated carts or other such devices are kept in
plots, then parallel watering in both units should be used. Cara greenhouse or environmental chamber where temperature
needs to be taken to deliver sufficient water while preventingand light can be controlled. Temperatures in environmental
overwatering, which can induce fungal disease and stress. chambers and greenhouses are designed to approximate out-
6.4.2 Microcosms are leached at least once before dosindpor temperatures that occur during a typical growing season
and once every two or three weeks after dosing. Naturaih the region of interest. If the experiment is not conducted in
rainfall amounts, however, should be used to guide selection dhe greenhouse during the normal agricultural growing season,
a leaching regime. Caution should be exercised to preverhen lights suitable for plant growth, controlled by timing
overwatering, which may drastically alter the rate of degradaéevices, should be used to simulate the photoperiod and
tion, transformation, translocation and transport of chemicalintensity typical of the growing season in the area of interest.
within the microcosm. If the experiment is conducted in the greenhouse during
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FIG. 3 Diagram of Microcosm Extraction Tube (9)

periods when the photoperiod of the natural light is not longThe fate and effects from the microcosm test should then be

enough to induce flowering and seed set, then supplementeglated to either the natural or agricultural ecosystems that have

lighting will be required. the same combination of soil type, vegetation, crop species,
6.6 Soil Sampling for Environmental Fate During the Fest and environmental variables used during the microcosm test.

The soil in the microcosm system is not designed to be sampled 7 5 Eyaluation of Test Substance

during the test. '_I'h|s would alter the leaching and movement of 7.2.1 Physicochemical information supplied for the test

test substance in the system and make that particular micro-

cosm useless for other test results. If it is necessary to take Sgsjlybstance (see 5.1.1) is used to tailor the general range-finding

samples during the test to determine the rate of movement gt procedures to the specific substance. Phytotoxicity, or

the test substance at intermediate time scales, then the num igcteriostatic, action, or both, if known, should be f[aken Into
of replicates will have to be increased to account for thigceount when designing the exposure concentrations of the
sacrificial sample range-finding experiment. If the information is available, only

one concentration above that known to cause at least 50 %
7. Test Procedures change in plant growth or 50 % change in bacterial growth/

7.1 Test Purpose and Assumptierghe purpose of the respiration will need to be tested. In any case, the lowest
terrestrial soil-core microcosm test is to determine the fate angeatmentlevel should not be less than 10 times greater than the
ecological effects of a test substance, including its transformz@nalytical limits of detectability of the parent compound at the
tion products, within a particular natural grassland or agricul-Start of the experiment.
tural ecosystem. The relationship of fate and ecological effects 7.2.2 The water solubility and soil sorption capacity can be
data from treated versus control microcosms is assumed to lused to determine the appropriate frequency of leachate analy-
very similar to that from treated versus control field plgts8,  ses for the radiolabeled test substance and its transformation
19, 21).This assumption is supported by the comparisons oproducts. This same information will also determine the design
microcosms and field results according to R@fs19, 24, 25). of the soil sampling procedures for the range-finding test.
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Chemical structure and any degradation information is used ttandomization of the treatments to account for extraneous
determine which transformation products for the soil, leachatesources of variability in the experiment environments. The
and plant tissue will be analyzed. treatment design determines the number of treatments and the
7.2.3 As stated in 6.3.2, exposure should approximate arrangement of treatments with respect to one another.
reasonable scenario. Additionally, one must account for the 7.4.2 At the start of the test, the microcosms are dosed with
water solubility, dissociation constant(s), and soil pH whenthree concentrations of the test substance. Determine the
determining the concentration and when selecting the specifigumber of microcosms to be dosed by the desired power of the
formulation of the chemical to apply. Solubility, however, may statistical tests. Power is influenced by the variance of the
be markedly altered by ionization in soil. If the soil pH is suchresponse (estimated from range-finding tests), the size of the
that a more soluble form is likely, adjust accordingly the testdifference to be detected among the treatments, and the alpha
substance pH with either sodium hydroxide or hydrochloric(a) level. The desired power, alpha level, and detectable
acid before adding to the soil in the microcosm. If the pHdifference are specified by the researcher, and the variance
adjustment to increase solubility is extreme (4 < pH > 9),estimates are obtained from the range-finding tests. Based on
chemical and photolytic degradation may be enhanced whefhese four values, determine the sample size, or number of
preparing the chemical solutions. replicates for each treatment level (see REIZ, 28) for
7.3 Range-finding Test discussion of power of a test. The three treatments chosen are
7.3.1 The range-finding test should last a minimum of fourestimated from the range-finding test data to produce a 20 % to
weeks from first exposure of the test substance to final harvest5 % change in productivity for each subsequent concentration
At the start of the test, the microcosms are dosed with &f the test chemical. Reduce analytical costs associated with
minimum of five concentrations of the test substance. Thre¢he fate studies by using the replicate microcosms in each
replicate microcosms are used for each of the four or fivdreatment as replicate pairs. Thus, leachate and plant tissue
treatment levels and the controls, resulting in a total of 15 or 1&nalyses are conducted on the pooled specimens from paired
microcosms. Concentrations typically used are 0.1, 1.0, 10nicrocosms. However, pooling of specimens will reduce the
100, and even 1000 pg/g in the upper 20 cm of topsoil of thgpower of the test and reduces the effective number of repli-
microcosm if a realistic scenario is not known. The logarithmiccates. Productivity data, on the other hand, are analyzed for
scale for concentration in a range-finding test is suggested byach individual microcosm. Each cart holds six to eight
Rand(26). The bulk density (g/cri) of the dry topsoil is used microcosms (see Fig. 2). Place the microcosms paired for
to calculate the concentrations. Depending on mode of releasmalyses in different carts to ensure that all microcosms are
of the test chemical, select either a single, or a multiplehoused under similar conditions.
application, based on a reasonable exposure scenario. 7.4.3 Depending on the type of natural vegetation or crop
7.3.2 Move randomly each microcosm cart, holding oneplanted, it may be possible to harvest more than once, such as
replicate of each of the four or five test concentrations and auring the middle and at the end of the test. If growth is
control, in the greenhouse each week to avoid location-inducedigorous, harvest grasses at a pre-arranged height, for example,
effects. 2 to 6 cm above soil surface during the middle of the 12-week
7.3.3 The range-finding tests yield two necessary types dest period. Multiple harvests permit evaluation of both gross
information. These arel] estimates of the bounds of toxicity plant yield and plant uptake of the test substance with respect
within which the 50 % response (for example, JClies, and  to time (7, 8, 29).
(2) initial estimates of variance in response. Given the identi- 7.5 Exposure Techniques

fication of bounds of toxicity for the range-finding tests, the 751 |f the primary mode of exposure of the test chemical
concentrations for the definitive tests may be refined. Use thg anticipated to be by addition of pH-adjusted laboratory water
variance estimates to determine sample sizes needed in e rainwater containing appropriate concentrations of the test
definitive tests to achieve statistical tests able to detect speciypstance, then use the following exposure techniques. In no
fied differences &) among concentrations with a specified case shall the total aqueous volume of exposure be sufficient to
power (18). cause leaching any of the microcosms. Test substances that are

7.4 Definitive Test Experimental Design likely to be released into the environment as a liquid or solid,

7.4.1 The definitive test lasts for 12 or more weeks from firstand which can be mixed with water, are applied as a single
exposure of the test chemical to final harvest. Test results magxposure sufficient in volume to bring the microcosm to field
be influenced by extraneous environmental sources of variazapacity. The volume of laboratory water or rainwater required
tion, such as temperature or light gradients within a greenfor exposure can be determined using an unplanted microcosm
house. These sources of variation may be accounted for bgf the same soil type. The volume selected should be the same
randomly repositioning the carts, or by using randomizedor all microcosms. Carriers other than water are not recom-
block, latin-square, or other more complex experimental demended unless they are likely to be released into the environ-
signs. If such extraneous sources of variability in test resultenent in conjunction with the test substance in an effluent
are not taken into account, results may be biased, thustream. If a carrier is necessary, then consider acetone or
jeopardizing the outcome of the experiment. The types oktthanol. However, avoid the use of carriers unless they are
statistical analyses to be performed are decided at this poimssential to produce a realistic exposure. Also, tests for carrier
and are dictated largely by the experimental and treatmerdffects should be required with inclusions of additional micro-
designs. The experimental design determines the method ebsms in the experimental design for this purpose.
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7.5.2 Several typical exposure modes are suggested father systems, such as natural grassland microcosms, segrega-
particular types of test substances if either a hypothetical otion into plant parts may be unnecessary.
real (actual) exposure scenario is not available. If the test 8.1.1.2 Productivity should be reported as oven-dry weight.
substance is likely to be a contaminant of irrigation water,According to Jones and Stey80) 65°C for 24 h are adequate
apply the test substance daily or weekly in proportionateconditions for drying without unnecessary thermal decompo-
concentrations, such that the total amount applied equals thstion of plant material. Evaluate information on the chemical
desired concentration. If the test substance does not mix witiolatility when selecting a drying temperature. It may be
water, apply it as evenly as possible to the top of the unplantedesirable in some circumstances to report air-dried productivity
microcosm and mixed into the topsoil prior to planting. If the or to be able to calculate air-dried yields based on moisture loss
test substance is normally sprayed on growing plants (foafter oven-drying. These data could be useful if agricultural
example, pesticide), then mix the desired amount with therops are the plants used in the microcosm and if it is desirable
volume of solvent or water necessary to wet the soil surfaceo compare productivity with yields reported in local agricul-
and wet the plants to the point where they begin to drip. Use aure.
chromatography sprayer or nebulizer used to spray plants thatg 1.1.3 The number of harvests will depend on the types of
are past the seedling stage. Follow the recommendations by t'ﬁﬁants grown. An agricultural crop, alfalfa/timothy for ex-
test substance manufacturer for field spraying as closely agmple, may require two or more harvests over the course of the
possible, but terminate the test (last harvest) at least eigrﬂésting period7, 31).
weeks after the plants are sprayed. 8.1.2 Physical Appearance of Plants Throughout the test

7.6 Waste Disposal period, it is desirable to record the physical appearance of

_ 7.6.1 Retain all liquid (leachate) and solid (soils and plantyants in the terrestrial microcosm. Monitor symptoms of
tissues) specimens for proper disposal. Clean (acid wash) glltrient deficiency or toxicity, pathogenicity, water stress, or
specimen collection bottles, collection apparatus, microcosist.chemical-induced toxicity. These observations may be
tubes, and sampling tools thoroughly and analyze for radioagysefy| in interpreting the specific ecological effects of a test
tive contamination before they are stored or used on anoth&hemical relative to responses in plants elicited by known
test system. Dispose of all samples and the remaining, undigqyironmental toxicants or stressgd2). Careful observation
turbed portion of the test system in accordance with Environy, physical appearance in controls versus treated microcosms
mental Protection Agency (EPA) and Nuclear Regulatorymay aiso aid in determining whether abnormal physical ap-

Commission (NRC) .regulations, if radiolabeled compoundspearance is a result of the test chemical or is a manifestation of
were used. Treat soil leachate and all other aqueous-samplgicrocosm management.

wastes prior to disposal using one or more of the following 8.1.3 Nutrient Loss Measurements
techniques: @) filtration, (b) activated charcoal filtration, oc) 8.1.3.1 An important ecological effects sampling procedure

ion exchange. . . ) ;
7.6.2 Soils contaminated with organic residues or radiolal® to monitor nutrient Ipss_es n Ieach{;u(@s .25' 33'. 3_7).The
tionale for such monitoring is explained in detail in RESs

beled compounds, or both, as well as the plastic pipe, samp . One of the desirable attributes of the terrestrial microcosm

bottles, glassware, gloves, masks, filters, activated charco roach to testing chemicals is the relative ease with which
from aqueous cleanup, and any other potentially contaminated P 9 .
Soil leachates can be collected. This approach offers the

equipment must be either certified as uncontaminated of tential to construct nutrient budgets for the model ecosystem
packaged and disposed of in accordance with existing EPA a 9 y

o . 4, 35).
NRC guidelines and regulations. '
g g 8.1.3.2 The final suite of nutrients monitored in leachates
8. Fate and Effects Sampling Procedures probably will depend on the nature of the test chem(8é| 37,

8.1 Sampling procedures have been divided into two basig8, 39). Consider initially those nutrients during the range-
categories: ecological effects sampling and test-chemical fafénding test that include calcium, potassium, nitrate-nitrogen,
sampling. Ecological effects sampling may include productiv-Ortho-phosphate, ammonium-nitrogen, and dissolved organic
ity measurements, physical appearance of plants, and nutrief@rbon (DOC). Depending on the results of nutrient losses
loss or uptake measurements. Test-chemical fate sampling m&yeasured during the range-finding test, a set of nutrients can be

include leachate, soil, and plant analyses. selected for monitoring during the definitive test.
8.1.1 Ecological Effects Sampling—Productivity Measure- 8.1.3.3 Various methods exist to analyze for nutrients.
ments Standard techniques proven useful include atomic absorption

8.1.1.1 Primary productivity is a commonly measured pa-sSpectrophotometry for Ca and K and analysis using a Techni-
rameter in terrestrial effects testing. Depending on the plangon Autoanalyzer Il for nitrate-nitrogen, ortho-phosphate,
species, it may be desirable to report total yield or yield byDOC, and ammonium-nitrogen. See Method D 511, Test Meth-
plant part. For example, in the case of grain crops, such agds D 515, D 1426, and D 3867 and R¢#9, 41)for more
soybeans, oats, and wheat, the total biomass yield can beformation. For less rigorous determinations, such as during
reported in addition to the grain yield. This will allow total the range-finding test, ion-specific electrodes may be useful for
biomass to be compared with grain yields typically reported fomitrate- and ammonium-nitrogen detection.
local agriculture. In addition, separate grain samples may be 8.1.3.4 A standard procedure, described below, has proven
useful for later tissue analyses to determine whether the tesd be useful in handling leachates. As soon as soil water
chemical was enriched in potentially edible plant parts. Foisamples are collected, the sample volume is recorded and the
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pH determined using a glass electrode. Samples are centrifugeissolved as described by Co(d5). The extracts and the
at low speed (5000 r/min) to remove large particles and thexidized or dissolved samples should be counted*gyliquid
remaining liquid is passed through a 0.45-um filter. Divide thescintillation (45, 46).

specimen into two aliquots prior to storage in the dark at 4°C. 8.1.4.4 At the termination of the range-finding test, collect
Prepare and store similarly blanks consisting of distilled watesoil samples from the top, middle, and bottom of the 60-cm soil

and reference standards in instrument calibration quantities. cores. If the labeled compounds or their metabolites are not
8.1.4 Test-Chemical Fate Sampling detected by liquid scintillation in the deeper soil samples, then
take soil samples at the end of the definitive test closer to the

8.1.4.1 The fate of the test chemical (see 2.2) will betop of the soil column.

determined by methods appropriate to the test, including 8.1.5 Identification of Degradation ProductsLiquid scin-
sensitivity factors adequate to verify exposure and distinguislﬁ”ation should identify the presence df‘C-labeled com-
between parent maFerlaI, transformatlon products, and natounds in sample extracts, but the identification and quantifi-
rally occurring materials prese_ntmthe test system. Usually thigiion of the parent compound or its degradation products
test will involve use of a radiolabeled parent compound an equire gas-liquid chromatography (GLC), and thin-layer chro-
subsequent analysis of microcosm components for rad'oaCt'Yﬁatography (TLC), or high-performance liquid chromatogra-
ity and chemical identity. Methods appropriate to the latter may,ny (HPLC) (see 2.2). Thin-layer chromatography autoradio-
be adequate for quantification of fate, but usually cannot revegyraphs using no-screen X-ray film for chromatographed
bound residues in soil or plants and frequently are inadequaigactions found to be radioactive by liquid scintillation count-
for cost-effectively tracing movement and transformation. Toing (45, 46)is cost-effective. Whenever possible, verify the
the extent that the fate in soil and plants is well enoughdentity of the parent compound and probable degradation
understood from other experiments and depending on thgroducts in fractions found to be radioactive by liquid scintil-
degree to which the microcosm testis being gsed to verify fatgation counting(45, 46)by gas-liquid chromatography meth-
and exposure hypotheses, analytical requirements may kgis. Also, verify the concentration of the parent compound and
reduced(42, 43, 44, 45, 46)If sampling of soils is planned degradation products by an alternative chromatographic meth-
during the experiment, then increase the number of replicatesds system (for example, HPLC or GLC) with known stan-
accordingly. dards.

8.1.4.2 F2r:1d|olc';1bell_ng4 thq Pargnt Compounq Label the. 9. Data Analysis
parent compound with“C either in an appropriate aromatic, : , ) L
cyclic carbon group, or in a linear chah3, 47).Other labels, 9.1 Ecological Effects Analysis-Various statistical methods

including stable isotopes such H&, may be more useful and &€ recommende_d for analyz_ing data and a_ssessing ecological
informative. In order for the microcosm test to permit an effects. Regression, correlation, and covariance analyses, as

analysis of the fate of the parent compound, or its metabolitedVe!l as analysis of variance (ANOVA) procedures described in

or both, consider the known or hypothesized metabolic pathl€ following section, may be appropriate methods. Use of

ways for test substances. Hence, the location and form of |abg|1ese_or of[her tgcl?m?#es IS .d'C;[atEd b_y thet Olbje%“\;es ?f th?
is an integral part of the total test design. The Iaborator)fexperlmen s and by the original experimental and treatmen

conducting the test is not required to have the capability folde5|gns. A number of statistical references describe the com-

radiolabeling, since this is routinely handled by specialtymon ”.‘eth"ds .c.)f statistical ana]ys@& 49, 50). Unles§
chemical firms. Sufficient radioactivity must be present inotherW|soe specme_d, the level of significance for all tests is set
order to detect at least 1 % of the initial parent compound in é”‘t the 5% level¢ = 0.05) and the powerlof.the test @)-is set
typical sample of leachate, soil, or plant tissue. at 0.90 or 0.95. The results of QII_ statistical tests performed
) must be fully documented. In addition, graphs and tables of all

8.1.4.3 Compartment Analysis for Labeled Compourds ray data should be appended to the final report describing the
Analyze several compartments of the terrestrial microcosm fognemical effects on the system.
radioactivity. The components include samples of soil leachate, g 1.1 Test Substance Versus Carrier Chemical Effecfge
plant tissue, including roots and shoots, and soil from differengpjl.core microcosm can be exposed to test materials with or
depths. Select different soil depths used for radiochemicaithout the use of carrier chemicals. When carrier chemicals
analyses based on information on soil sorption of the comgre used, their effects on the test system must be evaluated
pound of interest. Experience indicates that these depths showldparately and in a manner identical to that recommended for
be relatively close to the soil surface (1 to 2 cm) forthe test chemical. The resulting data should be analyzed such
radiolabeled chemicals that are strongly sorbed to soils. If anyhat the influence of the carrier on the effects of the test
isotope appears in the leachate, the depth selection should Bgbstance can be accounted for.
lower in the soil profile. Homogenize and extract specimens 9.1.2 Productivity of Natural or Planted VegetationThe
with solvents appropriate for the parent compound. Additionakum total of both air-dried and oven-dried biomass expressed
extraction steps may be necessary. These include acidification grams per square meter, gfoollected during and at the end
and extraction with nonpolar solvents, soxhlet extractions withof the definitive test, should be evaluated initially by compar-
polar or non-polar solvents, or both, alkaline or acid hydrolysising histograms. The histograms should display the calculated
with or without heat, detergent extractions, and proteaseneans and the 95 % confidence intervals for controls and all
digestion. Oxidize and analyze ¥€0,, according to Ref43),  concentrations. This method of comparison allows early visual
the'“C in the soil or plant samples that cannot be extracted oevaluation of the effects of the chemical by exposure level.
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Variance estimates may indicate whether logarithmic or somenly when a pattern of effects is evident. Clearly recognizable
other transformation of the data may be necessary for graphjgatterns of injury may be ranked in terms of severity. A
display and analysis. Analysis of variance (ANOVA) calcula-nonparametric test, such as the Kruskal-Wallis test, may be
tions (48, 50) should be carried out first to test for position used to test for differences in plant injury.
effects within the carts and within the environmental area 9.1.5 Nutrient Losses
where the test was performed. Position effects may be ac- 9.1.5.1 The cumulative nutrient loss of each soil-core mi-
counted for in the design of the experiment (for example, bytrocosm should be calculated for each nutrient. First, the
blocking), and any effect of position can then be accounted foputrient loss concentration from each collection date should be
in subsequent analyses. If these tests prove to be significant gultiplied by the total volume leached from that microcosm for
the 5 % level & = 0.05), then the effects of position will need that collection date. Second, that product should be added to
to be accounted for in the remainder of the statistical analyseshe previous sum of total loss. Plots of the collection date
Pair-wise comparisons of variables that are measured onlyersus means#SE) of the cumulative nutrient losses for each
once during the 12-week experiment may be necesg®y  treatment level should be graphed as a function of days after
9.1.3 Statistical Methods seeding for the agricultural microcosm or days after exposure

9.1.3.1 Randomly assign all experimental microcosms to afPr the natural grassland microcosm. Zero loss should be the
experimental treatment level. This may be accomplished bytarting point; if there was no leachate for any microcosm
using a completely randomized, randomized block, Latin-during a particular collection period, that datum should be
square, or other appropriate experimental design. As statd§corded as zero so that all data are accounted for.
earlier, if an appropriate experimental design is not used, the 9.1.5.2 A one-way ANOVA should be performed on the
results and analyses may be biased. ANOVA procedures shoutgtal cumulative nutrient loss data at the end of the experiment,
be performed on biomass data to determine whether or not df evaluate the effect of treatment levels. A multiple compari-
ecological effect resulted from the parent compound, thé&On procedure, such as Duncan(49), may be used to
transformation products or the carrier Compound, or a Combidetermine which Specific treatment means were different from
nation thereof, if used. If the ANOVA is significant, then each other.
orthogonal comparisons or a multiple-range comparison such 9.1.5.3 Aregression/correlation analysis comparing nutrient
as Duncan’s Multi-Range Teg49) should be performed to losses with productivity should be performed to determine the
determine which of the treatment means were different frontelationship between these two independently measured vari-
the others. The undosed controls are considered to be one of tables. The test can be performed, however, only if the
treatment levels. Again, the 5% levek £ 0.05) should be productivity and cumulative leachate loss measures are
considered as the level of significance for all tests, and théatched unit for unit. This test should be performed for each
power should be 0.90 or 0.95 or calculated and reported. Alhutrient analyzed.
values, whether significant or not, must be reported for each 9.2 Chemical Fate Analysis
statistical test being performed. A factorial ANOVA test should  9.2.1 At the end of test, the budget or distribution of the
be conducted where more than a single factor or treatment isarent compound and transformation products is calculated for
incorporated into the original experimental design. each concentration. This entails determining the amount of the

9.1.3.2 Regression analysis should subsequently be peparent compound that was added and the subsequent distribu-
formed on the productivity results. Outlier data, defined as ation of the radioactivity and transformation products through
obvious data recording or reporting error, should be excluded;hemical analysis in each of the primary compartments: soil,
however, these data and the fact that they have been excludpthnt tissue, and air of the test system as well as in the soil
must be reported. If a substantial number of data points havieachate. Fate analysis should result in distribution values for
been declared as outliers, deficiencies in quality control mapbove-ground plant tissues, plant roots, each soil depth, and
necessitate repeating the test. Once outlying values have belaiss to soil leachate. Gaseous loss can be estimated. This is
detected and removed from further statistical evaluations, usellowed by performing statistical analyses for each concen-
regression models to estimate &®r the test substance or the tration on any differences in distribution of the compound
concentration that reduced productivity by 50 % of mean forthroughout the test system. Multicompartmental modeling and
controls. Ordinary linear least-squares regression analysis magultivariable analyses, such as multivariate analysis of vari-
be performed to define the response of relevant productioance, may also prove useful in assessing the fate of parent
parameters as functions of dose. If it appears that productivitpompounds and transformation products.
is nonlinear with respect to dose, it may be necessary to 9.2.2 Radioactivity Budgets-The calculation of a complete
transform the data or fit either a quadratic or cubic leastbudget of all radioactivity must be submitted with the results of
squares regression model to the data for this type of responsihis test. Details for all calculations described in 9.2.3-9.4.2 can
Utilization of computer software packages such as Statisticabe found in Re{13). The budget must show the percent of the
Analysis System (SAS) or Biomedical Computer Programcompound that was tagged and the location of the tag. The
(BMDP) may prove useful. label may be'“C, stable'®N, or another suitable label and

9.1.4 Physical Appearance of Plants Report changes in should be located in a portion of the molecule expected to
the physical appearance of plants in terrestrial microcosms fapersist or have biological activity, or both.
all test units. Effects of a chemical or its transformation 9.2.3 Total Radioactivity Added-The total radioactivity
products on plant appearance should be analyzed statistical4dded per test unit is based on the decay rate of the radioactive

10
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tag, the total amount of radioactive tag added to the compoundalculations are subsequently corrected for the radioactive
when initially formulated, the length of time between formu- decay that occurred since the beginning of the test. The
lation and test unit exposure (radioactive decay), and thquantities of compound are expressed as a percent of the
particular exposure level of the test unit. original compound added to the test system. An ANOVA test
9.2.4 Total Radioactivity RemovedThe total radioactivity = should be performed on the calculated mean arc-sine transform
removed from the microcosm is determined by the concentrafor percentages remaining for each of the four main compart-
tion of the radiolabel in & the soil-leachate concentration ments to discern any differences among exposure concentra-
times the volume of soil leachate lost per collection dats), ( tions. It may be necessary to transform the percentage data
the calculated gas phase losses of the compound, enth¢  prior to ANOVA in order to satisfy the assumptions of the
type of radiolabel and the rate of radioactive decay of that labednalysis. In addition, regression analyses should be performed
over the length of the experiment. comparing above-ground productivity versus concentration of
9.2.5 Total Radioactivity Remaining The total radioactiv-  parent compound and transformation products in above-ground
ity remaining in the microcosm is determined by analyzing theplant tissues, and cumulative nutrient losses for each exposure
radiolabel in each of the primary compartmenis) §bove- concentration versus parent compound and transformation
ground plant tissuesp] plant roots (cleaned of soil particles), products in the soil leachate.
and €) the distribution of the label through the different soil g 4 Bigconcentration and Enrichment

depths. The soil depths to be analyzed will be determined by a 9.4.1 Calculate the concentration of the radioactivity in the

range-finding evaluation as suggested in 8.2.3. . ; )
993 Fate gf Parent Compou?w% and Transformation Prod_above—ground plant tissues and in the top 15 cm of soil on a
) concentration per unit dry-weight basis. The ratio of the plant

ucts . . . o .
ssue concentration to soil concentration is then defined as the

9.3.1 The percent distribution of the test substance for eacﬁioconcentration factor. Side-by-side histograms displaying the
concentration should be calculated fa)j @bove-ground plant s : y 09  displaying
ratios should then be compared for statistical differences.

tissues, If) below-ground plant tissues;)(each depth through ) ) i
the soil profile, ¢) losses to soil leachate, and) calculated 9.4.2 Enrichment ratios should be calculated for the higher
total vaporization or gaseous losses. In addition, an analysis &encentration by dividing the activity expressed on a dry-
the time to reach steady-state loss of the chemical compound Weight basis in a higher concentration by the lowest concen-
the soil leachate and the time to initiate compound Ieachin%rat'on in which a significant or detectable concentration could
from each concentration should be calculated. For thosB€ analytically determined. The enrichment ratio is then
exposure levels where the time to reach steady-state loss in thggressed against exposure concentration to determine the
soil leachate is greater than the length of the experimentdinearity of the uptake of the chemical as measured through the
period (12 weeks), an extrapolation of a regression model mafadiolabeled portion of the chemical. If it appears that an
be used to estimate the time necessary to reach steady-st@fglinary least-squares regression analysis is not the appropriate
(49). This should be done cautiously and with the assumptioriunction defining the enrichment of the chemical, then an
that the shape of the response beyond the experimental periééf€mpt to fit a quadratic or cubic equation should be made. The
is the same as that estimated for the experimental period. above guidelines for calculating bioconcentration and enrich-
9.3.2 The calculations for the final distribution of the testment assumes that no wet analytical chemistry has been
material and transformation products are based on the meferformed to separate the parent compounds from the trans-
sured radioactivity in that compartment on a per gram basiéormation products in each compartment. If this has been done,
times the total weight or volume of material in that compart-then individual bioconcentration factors and enrichment ratios

ment, expressed on a dry-weight basis, where appropriate. Ahould be calculated as outlined above.
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