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PREFACE

This report presents a standard method for deriving benchmarks for the purpose of “*contaminant
screening,” performed by comparing measured ambient concentrations of chemicals, The work was
performed under Work Breakdown Structure 1.4,12.2.3.04,07.02 (Activity Data Sheet 8304), In
addition, this report presents sets of data concerning the effects of chemicals in soil on invertebrates and
soil microbinl processes, benchmarks for chemicals potentially associated with United States Depurtment
of Encrgy sitcs, und literature describing the experiments from which data were drawn for benchmark

derivation,
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EXECUTIVE SUMMARY

Onc ol the initial stages in ccological risk nssessments for hazardous waste sites is the screening
of contuminants to determine which of them are worthy of further consideration as "contaminants of
potential concern.” This process is termed “contaminant screening,” 1L is performed by comparing
measurcd ambicnt concentrations of chemicals to benchmark concentrations, Currently, no standard
benchmark concentrations cxist for assessing contaminants in soil with respect 10 their toxicity o soil-
and litter-dwelling inveriebrates, including carthworms, other micro- and macroinvericbrates, or
hetcrotrophic bacteria and fungi. This report presents a standard method for deriving benchmarks for
this purposc, sets of data concerning cffects of chemicals in soil on invertcbrates and soil microbial
processes, and benchmarks {or chemicals potentially associated with United States Department of Energy
sites, In addition, litcraturz describing the experiments from which data were drawn for benchmark
derivation, Chemicals that arc found in soil at concentrations exceeding both the benchmarks and the
background concentration for the soil tvpe should be considered contaminants of potential congern,
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1. SCREENING BENCHMARKS IN ECOLOGICAL RISK
ASSESSMENT

An important step in ccological risk asscssments is sercening the chemicals occurring on a site for
contaminants of potential concern, Screening may be accomplished by comparing reported ambicnt
concentrations 1o o sct of loxicological benchmarks, Multple endpoints for assessing risks posed by soil-
borne contaminants to organisms dircety impacted by them have been established, Benchmarks for toxic
cffcets of contaminants on terrestrial plants arc presented in a companion manuscript (Efroymson ¢t al,

1997). This report presents benchmarks for soil invertebrates and microbial processes and addresses
only chemicals found at United States Department of Encrgy (DOE) sites, The benchmarks for microbial
processcs have not been updated since 1998, No benchmarks for pesticides are presented.

1fa chemicul's concentration or reported detection limit exceeds the screening benchmark, additional
analysis may be needed to determine the hazards poscd by that chemical (.., it is a contaminant of’
potential concern), However, if the chemical's concentration or deteetion limit falls below the proposed
benehmark, the chemical may be ignored during further study unless public concern or ancillary evidence
suggest that it should be retained.

Soil benchmarks are bused on data provided by toxicity studics in the ficld or, more commonly, in
laboratory scttings, Most of the soil concentrations of metals reported rom waste sites are {rom
extractions with hydrochloric acid (HCI) or other mineral acids which are intended to provide estimates
of total concentrations, Similarly, concentrations of organic contaminants in waste sitc soils arc total
concentrations derived from rigorous extractions by solvents, In somce cascs, toxicity Iests report
contaminant concentrations extracted {rom soils, but various extractants arc uscd thut may not vield total
concentrations, More commonly, the concentrations reported are nominal concentrations of a soluble
form (i.c., a highly bioavailable form) of the chemical added to soil, We have choscn to use nominal
concentrations from the literature to compare to the "total” extracted quantitics of'a chemical reported

for waste sites,

These benchmarks are appropriate for contaminant screening purposes oaly. An assessor must
realize that soil and invertebrate characteristics play a large part in toxicity and incorporate these site-
speeific considerations in the evaluation of the potential hazards of a chemical. It chemieal
congentrations reported in soils supporting many carthworms exceed one or more of the benchmarks
presented in this report, or if' a benchmark is exceeded by buckground soil concentrations, it is gencrally
safc to assume that the benchmark is o poor measure of risk (o carthworms at that site.

Aller discussing methods, this report presents the results of the literature reviews and benchmark
derivation for toxicity to carthworms (Sect. 3), heterotrophic microbes and their processes (Scet. 4), and
other invenebrates (Scet. §). The final sections compare the benchmarks to other criteria and background
concentrations of chemicals and draw conclusions concerning the utility of the benchmarks,
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2-1

2. METHODS

L1DATA

e QLS00 O

References on the toxicity of scleeted chemicals to soil and litter dwelling invertcbrates, microbes,

¢
and microbial processes were abtained from scarches of bibliographic data bascs (BIOSIS, POL TOX o
1, current conients), review articles, and conventional literature scarching, Reports of toxicity tests of
individual chemicals in laboratory, greenhouse, or field scttings were obtained. Datn presented in this
report were derived mainly from primary sources, More specific information on the types of ¢ffects dota
available for cach group of organisms is given in the appropriate section of this report, The general
criteria for inclusion of a study in the data sct used to derive toxicity benchmarks follow, 2
2
oy
1. Mcthodology was clearly statcd (especially concentrations of npplied chemiculs) and followed in e
the experiment, “
2. Results were quantified as measures of survivorship, growth, respiration, reproduction, substrate B
transformation, or enzyme activity, 2
"31'
wd
3. Results were presented in numeric form, or graphical presentations of data were clearly O
interpretable, .
q
4, An unambiguous reduction cxisted in the measured purameter within the range of applicd 3'
concentrations of the chemical of interest,
The data sclected for soil benchmarks using these criteria appear in Appendix A through Appendix
C. Data were collected in the following categorics for analysis:
1, Chemical—The effects of individual chemicals of interest were analyzed. In the case of metals, the )
metal is listed in the "Chemical” field. For organics, the compound is listed in the "Chemical” ficld, e
2, Chemical Form—The form in which the chemical was added to the experimental medium (¢.g., -
soluble salt, organic),
=
[
3. Growth. Mcdium—Substratc in which organisms were kept during the experiment. The media j
included natural and artificial soil, manure, soilllitter microcosms, and other experimental =
substratcs. P
{J
4, Cation exchange copacity is the sum of the exchangeable cations that a soil can adsorb, expressed I
as milliequivalents per 100 g of soil, Seil organi¢ and inorganic constitucnts contain negatively :1

charged sites that are the location of important internctions with positively charged ions in soil
solution. These interactions affect the toxicity of many contaminants,

S.  Organic matter—Soil organic matter is important in reactions of many contaminants in the soil,
Percentage organic matter, if given, was converied (o pereentage organic carbon by the equation
(Nclson and Semmers, 1982):

Yhorganic matter / 2 = Yorganic carbon
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Soil pH~—The pH of the soil exerts control over chemical reactions that affect speciation and

bioavailability of chemicals

Specics—The specics of carthworm, other invertcbrate, or microorganism is necessary when
provided. However, most microbiological experiments were conducted with an undefined, mixed
native microflorn,

Exposure duration—-Fow long the organisms were exposed to the test chemical,
p 8 j p

NOEC Applicd—The no obscrved cffect concentration (NOEC) is defined as the highest applicd
concentration of the chemical of interest causing a reduction of 20% or less in 4 mensured response,

. LOEC Applicd——The lowest observed cffect concentration (LOEC) is defined as the lowest applied
conecntration of the chemical of interest causing a greater than 20% reduction in a measurcd
response, In some cascs, the LOEC for the test was the lowest concentration tested (LCT) or the
only concentration reported, as when the EC,, (or ED,,) was reported,

11, Growth parameter—~Response varied with the type of organism and experiment,

12, Percent decrease=—Pereent decrease in measured parameter compared to contro! arganism.

2.2 SELECTION OF LEVELS OF EFFECTS

Twenty percent reduction in growth, reproduction, or activity was used as the threshold for
significant cffects to be consistent with other sereening benchmarks for ceological risk assessment ond
with current regulatory practice (Suter ct al, 1995), In bricf, most regulatory criteria are based on
concentrations in toxicity tests that cause effects which are statistically significandy different from
controls, On average, these concentrations correspond to greater than a 20% difference in effects, In
addition, regulatory actions may be based on comparisons of biological parameters measured on
contaminated sites to those from reference sites, Diflferences between parameters m sites generally must
be greater than 20% to be reliably deleeted in such studies. Thercfore, the 20% effects level is treated
as a conservative approximation of the threshold for regulatory concern,

2.3 DERIVATION OF BENCHMARKS

Because of the diversity of soils, specics, chemical forms, and test procedurcs, it is impossible to
cstimate concentrations that would constitute thresholds for toxic effects on the invertebratc communities
at particular sites from published toxicity data, This situation is analogous to the problem of deriving
benchmarks for sediments, In this report, the method used for deriving soil benchmarks is based on the
National Oceanographic and Atmospheric Administration's method for deriving the Effects Range Low
(ER-L) (Long and Morgan, 1990), which has been recommended as a scdiment sereening benchmark
by the U.S. Environmental Protection Agency (EPA) Region 1V, The ER-L is the tenth percentile of the
distribution of various toxic cffcets thresholds for various crganisms in scdiments,

This approach can be justificd by assuming that the toxicity of a chemical in soil is a random
variate, the toxicity of contaminated soil at a particular site is drawn from the same distnibution, and the
assessor should be 90% certain of protecting organisms growing in the site soil. Any bias in the data set
would mitigate against that assumption, In this implementation of the approach, the bins most likely to
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be significant is the use of soluble salts of metals in the toxicity tests. These salts are hikely to be more
toxic than the mixture of forms encountered in ficld soils. That bins would result in conscrvative
benchmaurk values, Other possible sources of bias include the exclusion of synergistic and antagonistic
clTects resulting from interactions between chemicals, use of n limited number of test species that may
not be representative of those in the field, use of antificial soils that may not be representative of soils
in general, and other laboratory test conditions that may not be representative of field conditions, The
dircction and magnitude of these potential biascs is unknown,

The toxicity benchmarks were derived by rank-ordering the LOEC values and then picking a
number that approximated the 1 0th pereentile, As with the ER-Ls, statistical ftting was not used because
there were scldom sufTicient dat and because these benchmarks are o be used ns sereening values and
do not require the consistency and precision of regulatory criteria. If there were 10 or fewer values for
a chemical, the lowest LOEC was used, [f there were more than 10 values, the 10th percentile LOEC
value was used, I the 10th pereentile fell berween LOEC values, a value was chosen by interpolation,
Since these benchmarks arc intended to be thresholds for significant effects on growth and production,
test endpoints that indicate a high frequency of lethality arc not appropriate, Therefore, when a
benchmark is based on an LC,, or on somc other endpoint that includes a 50% or greater reduction in
survivorship, the value is divided by a factor of §; this factor is based on the authors' expert judgment,
Although no data exist for comparison of lethul and sublcthal effcets concentrations in tests conducted
with the same specics and soils, it is assumed that a factor of 5 cun B¢ used to approximate the ratio

LCso/ECys.

In all cascs, benchmark values were rounded down to one significant figure. This rounding was done
for two rcasons, First, it is not appropriatc to ascribe greater precision to a number than it actually
posscsses: these benchmarks are very imprecise, Sccond, the rounding serves to ecmphastze the fact that
the benchmarks are conceplually distinct from the test endpoint valucs from which they were derived,
That is, an LOEC may be a precise estimaie of the lowest toxic concentration for a particular plant
varicty in a particular test system, but when an LOEC is used as o benchmark for all plants in ficld soils,
it is a qualitatively different and much more poorly defined value.

Benchmarks were derived in the previously deseribed manner for carthworms and microbial
hetcrotrophs, InsufTicient information was available for establishing benchmarks for other invertebratces,
as discussed in the appropriate section of this report. Proposed sereening benehmarks for toxic effects
of contaminants in soils arc presented in Table 1 (carthworms) and Table 2 (microbiul populations),
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Table L Sereening benchmark concentrations
for the toxicity of chemicals to earthworms

Sail

Chemicnl (mp/k)
Arsenic )
Cudmium 20

Chromium 0.4
Copper 50
Leud S00

Mercury 0.1
Nickel 200
Sclenium 70
Zinc 200
Chloroucctumide 2
J-chiorouniline 30
2 d-dichlorouniline 100
3.4=dichloroaniline 20
2.4, S-tnchlorvaniline 0

2.3.5,6-tetruchlorouniline 2
Pentuchloroaniline 100
1.2«dichloropropane 700
DimethyIphthalate 200
Fluorene 30
Nenitrosodipheny ltming 20
Phenol it}
4-nitrophenol 7
3«chlorophenol 10
3. 4-dichlorophenol 20
2,4,5+trichloropheno! 9
2.4, 6-trichlorophenol 10
2,3,4,5-tetruchlorophenol 20
Pentuchlorophenol 6
Chlorobenzene 40
1. 4=dichlorobenzene 2

1,2,3strichlorobenzene 20
1,2, 4-trichlorobensene a0
1,2,3 dotetrachlorobenzenc 10
Pentachlorobenzene 0
Nitrobenzene 40
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Table 2. Screening benchmurk concentrationn for the toxicity
of chemicals to xoil microorganisms and microblal processes

Soll
Chemical (myp/ly)

Li4E 2 ORI s pIEILG

Aluminum 600
Ansenic 100
Barium 3000
Boron 20
Cudmium 20
Chromium 10
Cobalt 1000
Copper 100
Fluerine 30
Iron 200
Lanthunum 50
Lead 900
Lithium 10
Munguncue 106
Mercury 30
Molybdenum 200
Nickel 90
Selenjum 100
Sitver 50
Tin 2000
Titanium 1000
‘I'ungsten 400
Vanadium 20
Zinc 100
Acrylonitrile 1000
Carbon tetrnchlonide 1000
Cis1,4-dichloro-2-butene 1000
Iexachlorobenzene 1000
Nitrobenzene 1000
Phenol 100
Pentuchlorophenol 400
Transe 1. d«dichloro«2-hutene 1000
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This methed of deriving screening benchmarks for soil organisms may appear as insufTicienty
conservative, This impression might result from the fact that the derivation of the benchmark (like the
derivation of the ER-L valucs) implics a significant effect on approximately 10% of the species.
However, the method probably is sufficiently conscrvative for the following reasons. First, the
benchmarks were derived for a community-level assessment endpeint, Given the water, nutrient, or
physical limitations of most soil- und litter-dwelling communities, a reduction in survival, growth, or
reproduction of 10% of carthworm species or reduction of the rates of 10% of microbial processes is
likely to be neeeptable. Sccond, the benchmarks derived by these methods have proved to be conservative
in practice. In some cascs, the benchmarks are lower than background concentrations (Sect. 7). The
benchmarks are based on toxicity tests that dose growth substrates with soluble salts of metals which
arc more available than most naturally occurring metals and even metals at many, if not most, waste
siles,

The authors have attempted 1o assign levels of confidence to the benchmarks; these are presented
with the appropriate chemicals in Scet. 3, The criteria best reflecting that confidence arc as follows:

. Low Confidencc—Benchmarks based on fewer than 10 literature values.
2. Moderate Confidence—Benchmarks bascd on 10 to 20 literature valucs.
3. High Confidencce—Benchmarks based on more than 20 literature valucs,

High confidence in a benchmark bascd on more than 20 reported Loxic concentrations may be
reduced to moderate if'the range of plant, carthworm, or microbial specics tested is narrow (i.¢., only ong
specics of carthworms was tesied). Moderate or high confidence benchmarks were in some instances
demoted one level if'the value approximating the 10th pereentile was the lowest coneentration tested and
caused a greater than 30% reduction in the measured growth parameter, These critcria may scem
arbitrary, but the result is a confidence ¢lassification that fairly reflects the authors' professional
Judgment.

Any scheme for deriving a set of standard ecotoxicological benchmarks is based on assumptions
that may be questioned by readers, The procedure used herein is consistent with current regulatory
practice and contains a minimum of assumptions or factors, Renders who ¢are to make other assumptions
or add safety factors may make use of the data presented herein o ealeulate their own benchmarks,
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3-1
3. EARTHWORMS

3.1 INTRODUCTION

Earthworms are probably the most important soil invertebrate in promoting soil fertility (Edwards,
1992). Their feeding and burrowing activities break down organic matter and release nutrients and
improve aeration, drainage, and aggregation of soil. Earthworms arc also important components of' the
dicts of many higher animals,

Earthworms arc known 10 take up many inorganic and organic soil contaminants, Availability of
contaminants for uptake from the soil is controlled by soil characteristics. van Gestel (1992) concludes
that, with the exception ofextremes in pH, it is not possible to predict metal availability on the basis of
soil variables, Availability of contamirants from plant litter in varying degrees of decomposition is also
complex and poorly understood. The feeding and burrowing habits of carthworms determine their
exposure to chemicals in soil and litter, Geophagus organisms (those taking in large amounts of soil
during feeding on well-decomposed orgunic material) and those living on or ncar the soil surface may
have greater exposure to organic chemicals than worms feeding on litter pulled down into burrows in the
subsoil (Curl ct al,, 1987), Organic contaminants may undergo oxidation by the ¢ytochrome P-450 and
other enzyme systems within the carthworm, Earthworms also may bind xcnobiotics and their
metabolites in uncxtractable forms (Stenersen, 1992), Physiological response mechanisms to metals are
specics specific (Tomlin, 1992), Much of the ingested lead, cadmium, and zine (the three most studied
inorganic contaminants) is accumulated in chlorngogenous tissuc (intestinal wall) of the posterior
alimentary canal (Morgan ¢t al., 1993), Litle is known about mechanisms of toxicity of chemicals in
carthworms,

.2 EARTHWORM DATA SELECTION

Information suitable for calculating screening benchmarks was available for a limited number of
metals and a larger number of organic compounds. Toxic effects information on polychlorinated
biphenyls (PCBs) is not available and information is limited for polyeyelic aromatic hydrocarbons
(PAHSs). The toxicity of many agricultural pesticides has been tested, but as stated previously, it is not
presented herein, Data on which the benchmarks are based are given in Appendix A, benchmarks are
given in Table 1,

Only experiments in which carthworms were exposed to soil (natural or artificial mixture of natural
components), soil/litter microcosms, or manurc were considered for determining benchmark levels of
contaminants in soils, The main alternative method is the contact filter paper test in which the organisms
are placed on [ilter paper containing the chemical to be tested for toxicity, Results are presented as mg
chemical per em? filter paper and are therefore not comparable to results given as concentrations (mg per
kg substratc), The test gives information about skin contact loxicity but not oral ingestion toxicity
(Reinecke, 1992), Although uptake through the cuticle is considered an important uptake route for some
organic chemicals (Stenersen, 1992), oral ingestion is an important uptake route for metals and organic
compounds found in soil and litter, Heimbach (1988) reports that there is lite corrclation between
contact paper test and OECD artificial soil test results, Good correlation between the OECD artificial
soil test and field tests are reported for several pesticides (Heimbach, 1992).

Acute and chronic toxicity arc tested in experiments cvaluating the effects of chemicals on
carthworms, Mortality is the main cndpoint in aculc toxicity tests with results reported as the
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concceatration causing death in 50% of the test population (LC,y). In the case of organic compounds,
most of the literature reports LC,, values,

Change of individual body weight, which may indicatc sublcthal cffects, can also be measured
during acute toxicity tests, Endpoints that indicate effects important Lo population dynamics include
cocoon production, cocoon hatching rates, and juvenile survival (Kokta, 1992), It should be noted that
severul rescarchers have found a negative corrclation between adult body weight and reproduction
(Kokta, 1992), and the conclusion is that these characteristics should be investigated together,

3,3 EARTHWORM TEST SPECIES

Experiments on the toxicity of chemicals to carthworms have been performed with representatives
of three familics (Megascolecidae, Eudrilidae, and Lumbricidac) and 12 specics representing
carthworms from Europe and North America, Africa, Indin, and Asia.

The most commonly used carthworm, Eisenia ferida, is a nonburrowing organism found in compost
pilcs and other organic-rich cnvironments (Lee, 1985). 1t belongs to the cpigeic ecological category of
Bouche (1992). Eisenia fettda may be the most prolific of worms with a shorter lifespan than others of
the Lumbrictdae family. lts natural habitat may be under the bark of fallen trees, and protozoa may be
an cssential part of its dict (Lee, 1985). Eisenia andrei is considered a sibling species of £. fetida by
most rescarchers (Bouche, 1992): however, it has been treated as a subspecics of £, ferida by others in
the past (van Gestel and Ma, 1988), These carthworms are considered ideal for toxicity testing because
of the case with which populations are maintained in the laboratory. The short gencration time of [,
Jetida allows investigation of eflects of chemicals on reproduction and second generation survival,

Lumbricus rubellus is a shallow.-burrowing lumbricid active in the surface and litter horizons of
pasturcs and grasslands (Lee, 1985). It may forage for food, such as dead roots, in the subsurface
horizon and dig deep burrows in which to rest during periods of cnvironmental stress, In the litter layer,
L. rubellus fceds on slightly decomposed plant remains, dung, and bacteria,

The genus Allolobophora is represented in the toxicity literature by three species. Allolobophora
chlorotica is n shallow-burrowing lumbricid worm found in permanent pasture and other grasslands
(Lee, 1985), Itspends most of'its lite in the topsoeil feeding on well<decomposcd plant remains (humus).
Itis considered 10 be geophagus beenusce it ingests a large quantity of soil during feeding. Allolobophora
caliginosa and Apporectodea caliginosa ure classilicd by Dindal (1990) as the same organism, It is
similar o A, chlorotica in its burrowing and feeding habits and is common in alkaline soils of Egypt
(Lee, 1985). No life history information was available on the specics A, tubereulata,

Qclolasium cyaneunt is a burrowing lumbricid species that lives in the soil and feeds on dead roots
(Lec, 1985). Itis common in pasture lands where it ereates deep horizontal burrows.

Dendrobaena rubida is an ubiquitous forest litter inhabiting lumbricid (Lee, 1985). It feeds on
slightly decomposed leaf litter and docs not burrow into the soil.

The Eudnlidac family is represented by Eudrilus eugeniae, This tropical specics from west Afrca
is now widespread throughout tropical and temperate regions (Ncuhauser ¢t al., 1979). Itis a common
inhabitant of topsoils and prefers habitats with high concentrations of organic matter.
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The Megascolecidae family is represented by three organisms for which little information is
available, Pertonyx excavatus is the Indian subcontinent equivalent of Elsenia fenda, preferring
compost heaps and other accumulations of organic material (Lee, 1985), It is known to feed on animal
dung, Pheretima posthuma is originally from cast and southeast Asia, No life history information was
found on Octochactus pattoni, however, other members of the genus occur in New Zealand (Lee, 1985).

3.4 EARTHWOQRM DATA AND BENCHMARK DERIVATION
3.4.1 Inorgunic Combounds

Arsenie, Fischer and Koszorus (1992) tested the effeets of 68 ppm of arsenic (as potassium
arsenate) on growth and reproduction of Lisenia ferida (average initial age of' § weeks) when added 1o
a combination of peaty marshland soil and horse manure (1:1), The number of survivors and their live
mass and the number of cocoons produced were measured, The number of cocoons produced per worm
showed the highest sensitivity Lo arsenic with a 6% reducticn at the test concentration,

The benchmark of 60 ppm arsenic is based on this study only. Because of the lack of data,
confidence in this benchmurk is low,

Cadmium, van Gestel and his colleagues in the Netherlands have established a fairly standard
procedure for testing the toxicity of chemicals to carthworms in an artificial soil mixture made up of (by
dry weight) 10% sphagnum pea, 20% kaolin clay, and 69% fine sand and CaCO, to adjust the pH to
approximatcly 6 (OECD sail) (van Gestel et al,, 1992), The work in this citation evaluated the eflects
of Cd, added to the soil as CdCl., on growth and reproduction (cocoons/worm/week, percent fertility of
cocoons, juveniles/fertile cocoon, juvenilesworm/week) of Eisenia andret after 21 days. The Cd was
added in aqueous form and the resultant substrate added to 1 L glass jars, Approximately § g fincly
ground cow dung was added to a shallow hole in the middle of the substrate to serve as a food source for
the 10 worms. A concentration of 18 ppm Cd was required to reduce the number of cocoons
produccd/week and the number of juveniles/worm (23 and 22%). Growth and reproduction were not
affected at 10 ppm Cd. In other experiments by van Gestel et al. (1991a) using the same system but
comparing the results from putting the food source in a hole with those [rom mixing it in with substrate,
growth was reduced 44% by 100 ppm (32 ppm had no cffect) in the former case und 40% by 32 ppm
(10 ppm had no clfect), in the lauter, The EC,, for clitclla development (indicating sexual maturity) was
108 ppm Cd for dung placed in a center hole in the substrate, and 27 ppm for dung mixed in with
substrate.

Khalil et al. (1996) measured the mortality and cocoon production of Aporreciodea caliginuva
when exposed to various concentrations of cadmium, copper and zing sulfate in an Egyptian soil. Aler
cight weeks of exposure to 10 my/kg of eadmium, the Jowest concentration tested, cocoon production
was reduced 25%. Toxicity tests with mixtures of the contaminants were also conducted, and it was
concluded that the three metals act antagonistically at the concentrations lested.

Spurgeon and Hopkin (1995) investigated the efTect of cadmium (as nitrate) on survival, growth,
cocoon production, and cocoon viability of Eisenia fefida in an QECD artificial soil. The lowest EC50,
215 ppm, was for growth, The investigators also studicd the toxicity of metal-contaminated ficld soils
and an artificial soil contaminated with multiple metals,

Spurgcon ct al. (1994) kept adult £, fetida in contaminaied OECD artificial soil (pH 6.3) for
8 weeks to test the eflects of Cd [as CANO,).] on survival and growth of the carthworms. Results were
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reported as LCys for mortulity and EC,s for effects on cocoon production, Afler 56 duys, the calculated
LC,, was greater than 300 ppm Cd. The EC,, for cocoon production was 46.3 ppm,

The effects of Cd added to horse manure (as Cd acetate) on £, fenda (initially less than 2 weeks
old) was investigated by Malecki et al. (1982). Two growth periods were used, 8 and 20 weeks, and
survival, weight gain, and cocoon production were measured. The most sensitive parameter was cocoon
production, In the 8-week test, the lowest concentration tested, 25 ppm Cd, caused a $2% decrease in
cocoon production. In the 20-week test, the lowest concentration tested, 50 ppm Cd, caused a 24%
decrease in cocoon production,

The previously described sysiem (horse manure) was used by Neuhauser ct al, (1984) to Jook at Lhe
cffects of Cd added as various soluble salls on growth and reproduction of £, fetida. The authors report
their results with pooled data from all forms of'a metal. After G weeks, both growth (weight) and cocoon
production were decrcased (25 and 100%) by 100 ppm Cd, the lowest concentration tested,

Bengtsson ct al, (1986) report the effects of Cd on reproduction in the earthworm Dendrobaena
rubida when grown in substrate at varving acidity. The metal was added 1o a 1:2 (volume) combinution
of sandy soil and well-decomposed cattle dung with a resulting organic carbon of about 6%, After ¢
months at pH 4.5, the aumber of cocoons produced per worm was reduced 62% by 100 ppm Cd, while
10 ppm had no effect. The percent hatched cococns, hatchlings/cocoon, ond total number of hatchlings
were not affceted. At pH 5.5, the number of cocoons produced per worm, hatchlings/cocoon, and total
number of hatchlings werc reduced 78, 71, and 74%, respectively, by 100 ppm Cd, while 10 ppm had
no cflect. The pereent hatehed cocoons was not affected, At pH 6.5, the percent hatched cocoons,
hatchlings/cocoon, and total number of hatchlings were reduced 47, 38, and 30%, respectively, by 100
ppm Cd, while 10 ppm had no effect. The number of cocoons/worm was not afTected,

van Gestel and van Dis (1988) conducted a series of experiments in a sandy soil (1.7% organic
matter, CEC 5.5 meq/100 g soil) to investigate the cffects of acidity on acute toxicity of Cd (CdCL,) to
adult £, andrer, The LC,, was between 320 and 560 ppm Cd afler 14 days at pM 4.1 and >1000 (no
clfect) at pH 7, The LCS0 concentration in OECD soil, with 10% organic matter at pH 7, was also
>1000 (no cfTeet).

Neuhauser ct al. (1985) used OECD artificial soil (pH 6) w0 determine LC,, of Cd (added as Cd
nitrate) for adult £, ferida. Afier 14 days, the LC,, was calculated 1o be 1843 ppm Cd.

In a study examining the cffects of soil factors on Cd toxicity and uptake, Ma (1982) used a sandy
loam soil (pH 7.3, 8% organic matter) spiked with CdCl, to determine the effeets of Cd on survival of
adult Lumbricus rubellus, Afier 12 weeks, 1000 ppm Cd caused an 82% decrease in survival while 150
ppm had no effect,

A benchmark of 20 ppm has been computed for Cd on the basis of the 18 available concentrations
causing toxicity. Confidence in this benchmark is moderate,

Chromium, Abbasi and Soni (1983) worked with a system in which the carthworm Octachactus
pattoni was Kept in concrete tanks containing a mixture of soil and animal dung for GO days to assess
the effect of Cr(VI), added as K,Cr,0,, on survival and reproduction, Survival was the most sensitive
measure with a 75% decrcase resulting from 2 ppm Cr, the lowest concentration tested. The number of
cocoons produced was not diminished until the coneentration reached 20 ppm Cr (highest coneentration
tested): the number of juveniles produced was not afTected.
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These same researchers (Soni and Abbasi, 1981) found no survival of Pheretima posthuma afler
6} dayvs in p paddy soil to which 10 ppm Cr(VI) (lowest concentration tested) was added,

van Gestel et al, (1992), in the system described previously for Cd, also found growth of £, andre:
to be more sensitive to Cr than reproduction, In this case, Cr(111) was added as chromic nitratc to QECD
soil. A concentration of 32 ppm Cr reduced growth by 30% while cocoons/worm/weck, pereent fertile
cocoons, and juveniles/womm/weck were reduced 28, 22, and §1%, respectively, by 100 ppm Cr.

Molnar ct al. (1989) examined the effects of Cr(lll) and Cr(VI) on growth and reproduction of
Eisenia fetida in an undelined substrate, Chromium (V1) was added as K,Cr.Q, and Cr(Il]) as
KCr(SQ,). Reproduction afler 8 weeks was the measure most sensitive to Cr(111) with a 55% decrease
in the number of cocoons and hatchlings at 625 ppm Cr(I11), The authors indicate that reproduction was
also sensitive 1o Cr(V1) but no data were given, After 2 weeks, mass gain of juveniles was decreased
34% by 2,500 ppm Ce(li1) (625 ppm had no efTeet) and 43% by 625 ppm Cr(V1) (lowest concentration
tested). After 4 weeks, mass gain of juveniles was deereased 39% by 2,500 ppm Cr(111) (625 ppm had
no c¢lfect), and Cr(V1) had no cffect, Chromium(V1) at 1,250 ppm was ingfTective when worms were
introduced afler the soil had cquilibrated for 2 weeks, regardless of the lenpth of exposure.

It is difficult to sct a benchmark concentration for toxicity of Cr to carthworms, Survival may be
more sensitive than reproduction o the metal when it is added to the carthworms substrate as a soluble
salt, The relative toxicity of Cr(11) and Cr(V1) is not clear from these studies. Cr(V1) ions can pass
through ccll membrancs with much greater case than Ce(111) ions, However, it is thought that Cr(V1) is
reduced to Cr(111) inside the cell (Molnar ¢t al., 1989); this latter may be the final active form, Without
a better understanding of Cr transformations in the soil, transport across carthworm ccll membranes, and
reactions within the cell, it is difTicult to scparate the cfTeets of the two different forms,

The 0.4 ppm benchmark for Cris based on the work of Abbasi and Soni (1983), A safety factor
of § was applicd to the 2 ppm LOEC because it caused a 75% reduction in carthworm survival,

Confidence in this benchmark s low becatse it is based on only five reported concentrations
causing toxicity to carthworms,

Copper. Neuhauscr ct al. (1984) cvaluated the ciTects of soluble forms of copper on growth and
reproduction L, fetida as described for Cd. The authors report their results with pooled data from all
forms of a metal, Alter 6 weeks, both growth (weight) and cocoon production were decreased (75 and
85%) by 2000 ppm Cu, while 1000 ppm had no efTect,

Khalil et al. (1996) measurcd the mortality and cocoon production of Aporrectodea caliginosa
when exposed to various concentrations of cadmium, copper and zine sutfate in an Egyptian soil, Eight
weeks of exposure to 100 ppm of copper led 10 a 36% decrease in cocoon production (NOEC = 50 ppm).
Toxicity tests with mixtures of the contaminants were also conducted, and it was concluded that the three
mctals act antagonistically at the concentrations tested.

Spurgeon and Hopkin (1995) investigated the cffect of copper (as nitrate) on survival, growth,
¢ocoon production, and cocoon viability of Eisenia fetida in an QECD artificial soil. The lowest ECS0,
6Q1 ppm, was for growth, The investigators also studicd the toxicity of metal-contaminated ficld soils
and an artificial soil contaminated with multiple metals,

Neuhauser et il (1985) used the OECD artificial soil (pH 6) to estimate LC,, of Cu (added as Cu
nitrate) for adult £, fetida, Aler 14 days, the LC,, was 643 ppm Cu,
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Spurgeon ct al, (1994) kept adult L. ferida in contaminated OECD artificial soil (pH 6.3) for
8 weeks to test the effeets of Cu (as CuNO,),) on survival and growth of the carthworms, as described
for Cd. Afler 56 days, the calculated LGy, was 555 ppm, and the EC,, for cocoon production was 33,3

ppm.

The effects of Cu added to horse manure (as copper acetate) on £, fetida (initially less than 2 weeks
old) was investigated by Malceki et al. (1982). Two growth periods were used, & and 20 weeks, and
survival, weight gain, and cocoon production were measured, The most sensitive parameter was cocoon
production. In the 8-week test, 500 ppm Cu causcd a 24% decrease in cocoon production, while 300 ppm
had no clect. In the 20-week test, 1000 ppm Cu caused a 24% decrease in cocoon production, while S00
ppm had no clTect.

Bengtsson et al, (1986) looked at the effects of copper on Dendrobacna rubida at different aciditics
tn the same type of experiments described for Cd, Afler 4 months at pH 4.5, the number of cocoons
produced per worm, hatchlings/cocoon, and total number of hatchlings were reduced 70, 64, und 74%,
respectively, by 100 ppm Cu, the lowest concentration tested. The percent hatched cocoons was not
afTected, AtpH 5.5, the number of cocoons produced per worm, hatchlings/cocoon, and percent hatched
cocoons were reduced 96, 100, and 100%, respectively, by 500 ppm Cu, while 100 ppm had no efTect,
The total number of hatchlings was not alTected, At pH 6.5, the number of cocoons produced per worm,
hatchlings/cocoon, and percent hatched cocoons were reduced 90, 100, and 100%, respectively, by 500
ppm Cu, while 100 ppm had no eflect. The total number of hatchlings was not affected.

In experiments by van Gestel et al, (1991b) using the same system described previously but with
Cu (CuCl,) mixed homogencously with the OECD substrate, growth of £, fetida was reduced 32% by
100 ppm (32 ppm had no ¢fTect), The EC, for clitclla development (sexual development) was >100 ppm
Cu.

In a study examining the cffects of soil factors on Cu toxicity and uptake, Ma (1982) used a sandy
loam seil (pH 7.3, 8% organic matter) spiked with CuCl, to determing the ¢{Tects of Cu on survival of
adult Lumbricus rubellus, Afler 12 weeks, 1000 ppm Cu causcd an 82% deerease in survival while 150
ppm had no c¢ffect,

The cifect of soil organic carbon on toxicity of Cu (CuSQ,) to the carthworm Octolasinm cyaneum
was evaluated by Streit and Jaggy (1983), They determined the 1d-day LC,, in a Brown seil, a Rendzina
soil, and a peat soil containing 3.2, 14, and 43% organic carbon, respectively. LCy, concentritions were
180, 850, and 2500 ppm, respectively,

van Rhee (1975) tested the effects of a single concentration of Cu added to a polder soil on body
weight, number of cocoons produced per week, mortality and sexual development of Allolobophora
caliginosa. After 6O days, number of ¢cocoons produced was the only measure affected; it deercased by
27% in the presence of 110 ppm Cu,

Using the OECD artificial soil (pH 6) and 21-day test procedure, van Gestel et al, (1989) looked
at the ¢ffects of Cu (as CuCly) on reproductive parameters of adult £, andrei. Aller 21 days, cocoon
production was decreased 36% by the addition of 180 ppm Cu to the substrate, while 120 ppm had no
efTect. Cocoon hatehability and number of juveniles per cocoon were not affected.

The sublethal effects of Cu on L. rubellus were investigated with respect to mortality, growth,
cocoon production, and litter breakdown activity (Ma, 1983). Loamy sand field sotl (5.7% organic
matter, pH 4.8), with Cu added os CuCl., was placed in bags with leaf litter added to the top. [n an
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experiment lasting 6 weeks, the number of cocoons produced was decreased 42% by 131 ppm
(HNO,:H,S0, extractable), while 54 ppm had no effect. In another study using this soil with the pH
adjusted to between 4.8 and 7.1, Ma investigated at the cffect of acidity on toxicity of Cu (CuSO,) to
L. rubelluy growth and reproduction. At pH 4.8, 148 ppm Cu resulted in a 26% deerease in production
(83 ppm had no effect), ALpH 6, a 33% reduction in cocoon production resulted from 278 ppm Cu,
while 148 ppm had no ¢fTect. In a 6-week experiment using a calearcous sandy loam soil (pH 7.3,
organic matier 3.4%), the number of cocoons produced was diminished 41% in cultures to which 63 ppm
Cu were added as CuCl. (13 ppm had no ¢fleet),

The rclative sensitivity of several lumbricid carthworms to Cu (CuCly) added to a sandy soil (pH
5, organic malter 5%) was investigated by Ma (1988), ECys for cocoon production of L. rubellus,
Aporrectodea caliginosa, and Allolobophora chloronca were 122, 68, and 51 ppm Cu.

The work of Streit and Jaggy (1983) and others shows that the organic carbon content of the soil
is a strong determinant of the bioavailability and toxicity of copper. From the studies cited, it appears
that low pH has a compounding cffeet, with an increase in Cu availability resulting (rom more acid
conditions, Overall, reproduction is more sensitive than mortality, and there is no consistent cvidence
that onc genus of carthworms is any less tolerant 1o Cu under a given sct of conditions than another
genus,

The benchmark for Cu was established at 60 ppm. Confidence in this benchmark is moderate.,

Lead. Bengtsson ct al, (1986) examined the effects of lead on Dendrobaena rubida at different
aciditics in the same type of experiments as those deseribed for Cd, Afler 4 months at pH 4.5, the
number of cocoans produced per worm, hatchlings/cocoon, and percent hatched cocoons were reduced
75, 100, and 100%, respectively, by 500 ppm Pb, while 100 ppm had no effect, AtpH 5.5 and 6.5, Pb
had no cffect at any level on any of the measures,

Spurgeon and Hopkin (1995) investigated the effect of lead (as nitrate) on survival, growth, cocoon
production, and cocoon viability of Eisenia fenrda in an OECD artificial soil, The lowest EC50, 1629
ppm, was that for cocoon production. The investigators also studied the toxicity of metal-contaminated
ficld soils and an artificial soil contaminated with multiple metals,

Spurgeon ct al, (1994) kept adult £, fetida in contaminated OECD antificinl soil (pH 6.3) for
8 weeks to examing the effects of Pb (as Pb(NO,)y) on survival and growth of the carthworms as
deseribed for Cd. Afler 56 davs, the ealeulated LCy, was 3760 ppm, and the EC, for cocoon production
was 1940 ppm,

The cfects of Pb added 1o horse manure (as lead acetate) on £, ferida was investigated by Maleeki
ct al. (1982), as described above for Cd. The most sensitive parameter was cocoon production, In the 8-
week test, 4000 ppm Pb caused a 50% decrease in cocoon production, while 2000 ppm had no efTect,
In the 20-week test, S000 ppm Pb caused a 28% decrease in cocoon production, while 1000 ppm had
no cfTect.

Neuhauser et al, (1985) used the OECD artificial soil (pH 6) to determine LCy, of Pb [added as Pb
(NO,)] for adult £ ferida, Aficr 14 days, the LC,, was calculated to be 5941 ppm Pb.

Neuhauser ct al, (1984) evaluated the cffects of soluble forms of lead on growth and reproduction
of k. fetida as deseribed for Cd. The authors report their results with pooled data from all forms of' a
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metal. After G weeks, cocoon production was decreased 80% by 5000 ppm Pb, the lowest concentration
tested. Growth was not affected until 40,000 ppm was ndded to the substrate,

A benchmark of 500 ppm has been cstablished for Pb based on the work of Bengtsson et al, (1986)
which showed inhibition of reproduction at this concentration, Confidence in this benchkmark is low
because of the limited amount of data,

Mercury. Abbasi and Soni (1983) worked with Octochactus pationt in a system described
previously for Cd. They assessed the effect of Hg(11), added as HgCls, on survival and reproduction,
Survival and cocoon production were reduced 65 and 40% at 0.5 ppm Hp, the lowest concentration
tested. The number of juveniles produced was not aflected.,

The efTect of methy] mercury on survival and scgment regencration of £, ferida was investigated
by Beyer et al. {1985), Methyl mercury chloride was added to an undefined potting soil in which the
carthworms were cultured for 84 days, A concentration of 12,5 ppm Hg reduced survival by 21%, and
the ability to regencrate excised scgments was reduced by 69%, Methy] mercury at 2.5 ppm had no

efTect,

[tis not possible to evaluate the relative toxicity of forms of Hg based on these two studics which
uscd different systems and evaluated two different families of carthworms,

A benchmark of 0.1 ppm was cstablished for Hg based on the work of Abbasi and Soni
(1983). A safety factor of 5 was applicd to the 0.5 ppm LOEC because it caused a 65% reduction in
carthworm survival, Confidence in this benchmark is low beeause of the limited amount of data,

Nickel, The cflects of Ni (added to horse manure as Ni acctate) on E. ferrda were investigated by
Malecki ct al, (1982), as described for Cd. The most sensitive parameler was cocoon production, In the
8-week test, 300 ppm Ni caused n 41% decrease in cocoon production, while 200 ppm had no cflect. In
the 20-wecek test, 200 ppm Ni causcd a 23% deerease in cocoon production, while 100 ppm had no
cflect,

Neuhauser ct al. (1985) used the OECD artificial soil (pH 6) to determine LC.; of Ni (added as Ni
nitrate) for adult £, fenda, After 14 days, the LC,, was ealculated 1o be 757 ppm Ni,

Neuhauser ct al. (1984) cvaluated the cflects of soluble forms of nickel on growth and reproduction
L. fetida as described for Cd. The authors report their results with pooled data from all forms of a metal,
Afler 6 weeks, cocoon production was decreused 33% by 250 ppm Ni, the lowest concentration lested.
Growth was not afTected until 500 ppm was added to the substrate.

In a study examining the cfTects of soil fuctors on Ni toxicity and uptake, Ma (1982) used a sandy
loam soil (pH 7.3, 8% organic matter) spiked with NiCl, to determing the cflects of Ni on survival of
adult Lumbricus rubellus, After 12 weeks, 1000 ppm Cd caused a 31% deerease in survival while 150
ppm had no effect.

A benchmark of 200 ppm has been cstablished for Ni bused on the work of Malceki et al, (1982)
which showed inhibition of reproduction at this concentration. Confidence in this benchmark is low
because of the limited amount of data,

Selenium, Fischer and Koszorus (1992) tested the cffects of 77 ppm of sclenium (as sodium
arsenitc) on growth and reproduction of £isemia ferida when added to a combination of peaty marshland
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soil and horse manure (1:1), Number of survivors and their live mass and number of cocoons produced
were measured. The number of cocoons produced per worm showed the highest sensitivity to selenium
with a 69% reduction at the test concentration.

The benchmark of 70 ppm is bascd on this study, Confidence in this benchmark is low,

Zine, van Gestel et al. (1993) evaluated the effect of zine added as ZnCl, to OECD artificial soil
(pH 6.2), on the growth and reproduction of £. andrer. The numbers of cocoons and juveniles produced
were reduced 31 and 42% by 560 ppm, while 320 ppm had no effect, The percent fertile cocoons and
number of juveniles per fentile cocoon were not afTected until Zn was added 10 a coneentration of 1000
ppm Zn, and percent growth of individuals increased with increasing Zn concentration,

Khalil et al. (1996) measured the mortality and cocoon production of Aporrectodea caliginosa
when exposed to various concentrations of cadmium, copper and zine sulfate in an Egyptan soil.
Exposure to 300 ppm of zinc, the lowest concentration tested, led 1o a 20% reduction in cocoon
production. Toxicity tests with mixtures of the contaminants were also conducted, and it was concluded
that the three metals act antagonistically at the concentrations tested,

Spurgeon and Hopkin (1995) investigated the effect of zine (as nitrale) on survival, growth, cocoon
production, and cocoon viability of Ziseniu ferida in an OECD artificial soil, The lowest ECS0, 1078
ppm, was {or mortality. For the derivation of the benchmark, the LC50 was divided by § to give a
concentration 0f 216 ppm. The ECS0 for a growth cffect was greater than 400 ppm. The mvestigators
also studicd the toxicity of metal-contaminated ficld soils and an artificial soil contaminated with
multiple metals,

Spurgeon and Hopkin (1996a) conducled toxicity tests with zing (as nitratc) and three carthworm
specics to determine whether the carthworm population distribution near a smelter could be related to
spesics sensitivity to metals, Tests were conducted in OECD artificial soil, The growth rates of Eisenia
Jetida and Aporrectodea rosea were reduced by 69% and 48%, respectively, following exposure to 190
ppm for 21 days, the lowest concentration tested. The same concentration led to a 32% decrease in the
rate of cocoon production by Lumbricus rubellus, Effccts on other endpoints tested, such as survival,
percentage of fertile cocoons, and rate of production of juveniles, occurred at higher concentrations,

Spurgeon and Hopkin (1996b) used a range of artificial soils with differing organic matter content
and soil pH for tests of the toxicity of zinc to Eisema fetida, The ECSO0 concentrations for cocoon
production in soils with of pH 6.0 und 5%, 10% and 15% organic maiter were 136, 462, and 592 ppm,
respectively, The EC30 concentrations for cocoon production in soils of pi 6.0 and 5%, 10% and 15%
organic matter were 199, 343, and 548 ppm, respectively, The ECS0 concentrations for cocoon
production in soils of pH 6,0 and 5%, 10% and 15% organic matter were 142, 189, and 230 ppm,
respectively. Mortality was obscrved at higher concentrations, In the range of pH and organic matter in
the soils tested, a decrease in pH and/or organic matier content of soils led to a lower toxic concentration
of zinc,

Spurgeon ct al. (1994) kept adult £, fenda in contaminated OECD aruficial soil (pH 6.3) for
8 weeks to test the cffects of Zn (as Zn(NQ,).) on survival and growth of the carthworms as desceribed
for Cd. Afler 56 days, the caleulated LCy, was 745 ppm, and the EC,, for cocoon production was 276
Ppm,
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Neuhauser et al. (1985) used the OECD antificial soil (pH 6) to determine LC,, of Zn [added as Zn
(NO,)] for adult £. fetida, Afler 14 days, the LC,, was calculated to be 662 ppm Zn. To derive the
benchmark, a concentration of 132 ppm (662/5) was used,

van Rhee (1975) tested the effeets of one concentration of Zn (1100 ppm) added to a polder soil
on body weight, number of cocoons produced per week, mortality and sexual development of
Allolobophora calisnnosa, Afler 60 days, there was a 53% loss of body weight and a 22% increase in
mortality; clitel{um development and cocoon production were completely inhibited,

Neuhauser ct al, (1984) evaluated the cfects of soluble forms of zince on growth and reproduction
E. fetida as described for Cd, The authors report their results with data poeled from all forms of a metal,
Afler 6 weeks, cocoon production was decreased 50% by 2500 ppm Zn, while 1000 ppm had no effect,
Growth was not affected until 5000 ppm was added to the substrate.

The efTeets of Zn ndded to horse manure (as zinc acctate) on £, ferfda was investigated by Malecki
ctal. (1982), as described for Cd, The most sensitive parameter was cocoon production. In the 8-week
test, 2000 ppim Zn caused a 36% decrease in cocoon production, while 1000 ppm had no effect. In the
20-week test, 5000 ppm Zn caused a 53% decrease in cocoon production, while 2500 ppm had no efTect.

A benchmark of 100 ppm is cstablished for zine. The benchmark is somewhat lower than
concentrations at which cflects have been observed. The low ¢oncentrations include: measures of cocoon
production of Elscnia fetida in two artificial soils (136 ppm, 142 ppm) (Spurgeon and Hopkin 1996b)
and 132 ppm, which is the LC50 for Eisenta fenda divided by S (Neuhauser et al. 1985), The authors
have modcerate confidence in this benchmark,

3.4.2 Organic Compounds

A small number of research groups have been conducting experiments on the toxicity of organic
compounds and pesticides to carthworms, As a result, there are a limited number of experimental designs
in use, and data arc mainly in the form of LC.s. The following review describes the experimental designs
of the various groups; the reader is dirceted to Appendix A for complete data,

Chloroncetamide, van Gestel and van Dis (1988) evaluated the effects of' soil pH and organic
matter content on toxicity of chloroacctamide to survival of adult £, andrer, The LC,, (14 d) in a sandy
soil (1.7% organic matter) at pH 4,1 and 7 was determined. Clearly, pH had an ¢ffect in this soil with
higher LC,, valucs at pH 7, In the QECD artificial soil (7.7% organic matter) at pH 7, the LC,, was
similar to that in the sandy soil at the same pH, [t appears that difTerences in the organic matter content
in this range were not determining the toxicity of this compound,

Heimbach (1984) also used the OECD artificial soil (pM 7) o evaluate the effeets of this compound
on the survival of £, feticla afler 28 days. He found an LCy, of 24 ppm,

The effect of chloroacetamide on growth and reproduction of £, ferida afier 56 days of growth in
horse manure was assessed by Neuhauser and Callahan (1990), A concentration of 500 ppm had no
effect on the carthworms, but 1000 ppm caused 100% mortality,

The LC,, valuc between 10 and 18 (van Gestel and van Dis, 1988) was the lowest toxic
concentration of the five reported, A safcty factor of 5 was applied to the lower bound on the LCy; 1o
obtain the benchmark of 2 ppm chloroacctamide, Conlfidence in this benchmark is low because of the
limited amount of data,
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3-Chloroaniline, van Gestel and Ma (1993) investigated the effects of soil pH and organic matter
content on the toxicity of this compound 1o two carthwomms, £. andrer and L, rubellus, In a sandy soil
with pH 4,8 and 3.7% organic matter, LCy, values were lower for both carthworm specics than it was
in the QECD antificial soil with pH 5.9 and 8, 1% organic matter, The authors conclude that, with this
narrow a range of pH values, it is likely that the difTerence in organic matter is responsible for the results.,

The LC,, value of 195 (van Gestel and Ma, 1993) was the lowest toxic concentration ol the four
reported. A safety factor of 5 was applicd to this LC,, to obtain the benchmark of 30 ppm 3-
chloroaniline. Confidence in this benchmark is low,

2.4-Dichloroaniline, van Gestel et al, (1989) used the OECD antificial soil (pH 6) to determine the
cfects of this compound on growth and reproduction of £ andrei, Aler 21 days, cocoon production was
reduced 23% by 100 ppm, while 56 ppm had no efect, Cocoon fertility and number of juveniles per
cocoon were not aflected by concentrations up to 180 ppm, the highest concentration tested.

van Gestel and Ma (1990) investigated the effects of soil pH and organic matter content on the
toxicity of this compound to two carthworms, £. andrer and L. rubellus, Two sandy soils had similar
pH values (5.3 and 5.6) but difTerent organic matter levels (3.7 and 6,1%), The OECD artificial soil had
apH of 5.9 and 8.1% organic matter, A peaty soil also used had a pH of 4 and organic matter content
of 15.6%., The LC,, values for 2-d-dichloroaniline ranged from 1435 1o 824 ppm, with organic matter
being the more important determinant of bioavailability of this compound within the narrow pH range

of soils used.

The 100 ppm benchmark is based on the work of van Gestel et al. (1989) which showed inhibition
of reproduction at this concentration. This test endpoint is chosen as more appropriate than Iethality
(LC.o). Confidence in the benchmark is Jow because of the few data available,

3.4-Dichloroaniline. van Gestel and van Dis (1988) investigated the effects of soil pH and organic
matter content on the toxicity of this compound to £ ferida, A sandy soil (1,7% organic matter) was
tested at pH 4.1 and 7, The OECD artificial soil had a pH of 7 and 7.7% organic matter. The LC,, values
ranged {rom 140 t0 250 ppm increased with increasing organic matter content, No difTerence related to

pH was seen in the sandy soil,

The LC,, valuc of 140 (van Gestel and van Dis, 1988) was the lowest toxic concentration of the
three reported. A safety factor of S was applicd to this LC,, to obtain the benchmark of 20 ppm 3.4-
dichloroaniline. Confidence in this benchmark is low,

24,5 Trichloroaniline. van Gestel and Ma (1993) evaluated the efTects of this compound on the
carthworms £, andref and L. rubellus as deseribed for 3-chloroaniline, As was the case for that
compound, it is likely that the difTerence in organic matter is respansible for the results.

The lowest LC,, value of 134 derives from this work, A safety factor of § was applicd to this LCy,
10 obtain the benchmark of' 20 ppm 2,4,5-trichloroaniline, Confidence in this benchmark is low,

235,6-Tetrachloroaniline. van Gestel and Ma (1993) evaluated the cffeets of this compound on
the carthworms £. andret and L. rubellus as deseribed for 3-chloroaniling, There is not much difference
in the results under different pH and organic matier conditions, and it is not ¢lear that organic matier
affecting the bioavailability as in the case of 3-chloroaniline and 2,4,5-trichloroaniline,
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The lowest LC,, value of 116 ppm derives from this work, A safety factor of 5 was applied to this
LCy, to obtain the benchmark of 20 ppm 2,3,5.6-tetrachloroaniline, Confidence in this benchmark is low.

Pentachloreaniline. van Gestel and Ma (1993) evaluated the effects of this compound on the
carthworms £, andrei and L. rubellus as described previously, There is considerable difTerence in the
LCys but no discemible patiern was evident based on soil characteristics or species of carthworm tested,

The lowest LCq value of 825 derives from this work, A safety factor of § was applied to this LCy
to obtain the benchmark of 100 ppm pentachloroaniline, Confidence in this benchmark is low,

1,2-Dichloropropane. Neuhauser ¢t al, (1986) used the OECD artificial soil (pH 6) 1o assess the
cffcets of this compound on survival of adults of four carthworms, Perionyx cxcavarus, Eudrilus
engeniae, Eisenia fetida, and Allolobophora tuberculata. They determined the LC,, after 14 days and
found less than two-fold difference in sensitivity among the worms; sensitivity decreased in the order
P, excavatus>E. fetida> A, tuberculata>E, eugeniae,

Neuhauser and Callahan (1990) investigated the effect of this compound on growth and
reproduction of %, fenida after 56 days of growth in horse manure. A concentration of 80,800 ppm had
no cffect on the carthworms, but 92,300 ppm caused 100% mortality,

The LC,, value of 3880 (Neuhauser ct al., 1986) was the lowest toxic concentration of the five
reported, A safety factor of 5 was applied to this LCy, to obtain the benchmark of 700 ppm 1,2«
dichloropropanc. Confidence in this benchmark is low,

Dimethylphthalate, Neuhauser ct al. (1986) used the OECD antificial soil (pH 6) 1o assess the
cffeets of this compound on survival of aduilts of four specics of carthworms, as described previously,
The LCy,s afler 14 days showed a three-{old difference in sensitivity among the worms, scnsitivity
deercased in the order . excavatus>E, cugeniae>E, fetida>A. tubercnlata,

Neuhauser and Callahan (1990) cvaluated the efTect of this compound on growth and reproduction
of £, fetida after 56 days of growth in horse manurc, A concentration of 47,200 ppm had no cffect on
the carthworms, but 70,800 ppm caused a 62% reduction in cocoon production.

The LCy value of 1064 (Neuhauscr ct al,, 1986) was the lowest toxic concentration of the three
reportcd. A safety factor of 5 was applied to this LC,y, to obtain the benchmark of 200 ppm
dimethylphthalate, Confidence in this benchmark is low,

Fluorene, Neuhauser et al, (1986) used the QECD artificial soil (pH 6) 10 assess the effects of this
compound on survival of adults of four carthworms, as deseribed previously, The LCys aflter 14 dayvs
showed little difference in sensitivity among the worms; sensitivity decrcased in the order
D, excavarus>FE, ferida>li, enugeniae>A, tubereulata.

~ Ncuhauser and Callahan (1990) investigated the cffect of this compound on growth and
reproduction of £, futida alter 56 days of growth in horse manure, A concentration of 00 ppm had no
cfTect on the carthworms, but 750 ppm causcd a 49% reduction in cocoon production,

The LC,, value of 170 (Neuhauser ct al., 1980) was the lowest toxic concentration of the five
reported, A safety factor of § was applied to this LCy, to obtain the benchmark of 30 ppm fluorene.
Confidence in this benchmark is low.
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N-nitrosodiphenylamine, Neuhauscr et al, (1986) used the QECD artificial soil (pH 6) 1o asscss
the cffects of this compound on survival of adults of four carthworms, as described previously, The
LCys afler 14 days showed little difference in sensitivity among the worms; sensitivity deereased in the
order [, eugeniac>P, excavams>E, fetida>A. tubereulata,

Neuhauser and Callahan (1990) looked at the eflect of this compound on growth and reproduction
of £, fetida after 56 duys of growth in horse manure, A concentration of 1400 ppm (lowest concentration
tested) caused a 37% reduction in cocoon production,

The LC,, value of 109 (Neuhauser ct al,, 1986) was the lowest toxic coneentration of the {ive
reported, A safety factor of 5 was applicd to this LC,, to obtain the benchmark of 20 ppm
Nenitrosodiphenylamine. Confidence in this benchmark is low,

Phenol, Neuhauser ¢t al, (1986) used OECD artificial soil (pH 6) to assess the cifeets of this
compound on survival of adults of four specics of carthworms, as described previously. The LCyps afler
14 days showed a less than three-fold difTerence in sensitivity among the worms; sensitivity decreased
in the order £, eugeniae>P. excavatus>le, fetida>A. tuberculata,

Neuhauser and Callahan (1990) assessed the effect of this compound on growth and reproduction
of £, fetida afler 56 days of growth in horse manure, A concentration of 3900 ppm had no efTect on the
carthworms, but 4900 ppm caused a 26% reduction in cocoon production,

The LC,, valuc of 188 (Neuhauser ct al,, 1986) was the lowest toxic ¢concentration of the five
reported, A safety factor of 5 was applicd to this LC,, to obtain the benchmark of 30 ppm phenol,
Conlidence in this benchmark is low,

4Nitrophenol, Neuhauscr ct al. (1986) used the OECD artificial soil (pH 6) to asseys the effects
of this compound on survival of adults of four specics of carthwomns, as described previously. The LC, s
afler 14 days showed little difference in sensitivity among the worms; sensitivity decreased in the order
L. fetida>E, eugeniae>l. excavatus>A. iberculata,

Neuhauser and Callahan (1990) looked at the effect of this compound on growth and reproduction
of E. fetida afler 56 davs of growth in horse manure. A concentration of 600 ppm (the lowest
concentration tested) caused u 39% reduction in cocoon production,

The LG, valuc of 38 (Neuhauser ct al,, 1986) was the Jowest toxic concentration of the five
reported. A safety factor of § was applicd to this LC,, 1o obtain the benchmark of 7 ppm d-nmitrophenel.
Confidence in this benchmark is low,

3-Chiorophenol. van Gestel and Ma (1990) investigated the efTects of soil pH and organic matter
content on the toxicity of this compound 10 two carthworms, £, andrei and L. rubellus. Two sandy soils
had similar pH values (5.3 and 5.6) but dilferent organic matter levels (3.7 and 6, 1%). The QECD
antifictal soil had apH of 5.9 and 8,1% organic matier, A peaty soil also used had a pH of 4 and organic
malter content of 15.6%. The LC,, values ranged from 75 to 633 ppm, with organic matter being the
morc important determinant of bioavailability of this compound within the narrow pH range of soils
used,

van Gestel and Ma (1988) looked ut the effects of this compound on survival of 1. rubellus and E.
andret in two humic sand soils of differing orpanic matter content (3.7 and 6.1%) but similar pH (5 and
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5.6), These investigators found a three-fold difference between the highest and lowest values with no
strong trend in relation to carthworm specics or soil factors,

The benchmark for this compound has been established at 10 ppm, The LC,, of 78 (rom the work
of van Gestel and Ma (1990) approximates the 10th percentile. A safety factor of § was applied to this
valuc to obtain the benchmark, Confidence in this benchmark is low beeause all 12 values of the data
set are LCys.

34-Dichiorophenol, van Gestel and Ma (1990) investigated the efTects of soil pH and organic
matter content on the toxicity of this compound to two carthworms, £ andrei and L. rubellus, as
described previously. The LC,, values ranged from 134 1o 680 ppm, with a trend of organic matter being
more important than pH as u determinant of bioavailability for this compound.

van Gestel and Ma (1988) assessed at the effects of this compound on survival of L. ruebeliuy and
E. andret in two humic sand soils of differing organic mauter content but similar with respect to pH, as
described previously, There was about a three-fold difference between the highest and lowest values with
no strong trend in relation to carthworm specics or soil factors,

The benchmark for this compound was established at 20 ppm. The LC,, of 134 from the work of
van Gestel and Ma (1990) approximaies the 10th percentile, A safetv factor of § was applicd to this
value to obtain the benchmark, Confidence in this benchmark is low becouse all 12 values of the data
sct are LCys.

2¥.5-Trichlorophenol. van Gestel and Ma (1990) investigated the cflects of soil pH und organic
matter content on the toxicity of this compound to two carthworm species, £. andrer and L. rubelius,
as described previously, The LC,, values ranged from 46 to 875 ppm, with a trend of organic matter
being more important than pH as a determinant of bioavailability within carthworm type. £. andret
appears o be more sensitive than L. rubellus to this compound,

van Gestel and Ma (1988) assessed the effects of this compound on survival of L. rubellns and E.
andrel in two humic sand soils of dilfering organic maticr content but similar pH, as described
previously. The LCy, values ranged from 52 1o 290 ppm, with a trend of organic matter being the more
1mponam determinant of bioavailability within canhwonn type, £, andrei again appears to be more
sensitive o this compound than L. rubellus,

The benchmark for this compound was established at 9 ppm, The LC,, 0f 46 from the work of van
Gestel and Ma (1990) approximates the 10th pereentile. A safety fuctor of § was applied to this value
to obtain the benchmark, Confidence in this benchmark is low because all 12 values of the data set are

LCys.

«4,6-Trichloraphenol. Neuhauser et al. (1986) uscd the OECD artificial soil (pH 6) to assess the
cilects of this compound on survival of adults of four earthworms, as described previously, The LC8
afler 14 days showed little difference in sensitivity among the worms; sensitivity decreased in the order
E. fettda>P. excavatus>E, cugeniae>A. tberenlara,

Neuhauser and Callahan (1990) assessed the cfTect of this compound on growth and reproduction
of kX, fetida afler 56 days of growth in horse manure, A concentration of 100 ppm (lowest concentration
tested) caused a 28% reduction in cocoon production,
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The LC,, valuc of 58 (Neuhauser et al,, 1986) was the lowest toxic concentration of the five
reported, A safety factor of' § was applicd to this LC,, to obtain the benchmark of 10 ppm for 2,4,6-
trichlorophenol. Confidence in this benchmark is low.

2,3,4,5-Tetrachlorophenol, van Gestel and Ma (1990) investigated the effeets of soil pH and
organic matter content on the toxicity of' this compound to two carthworms, £ andrer and L. rubellus,
as deseribed previously, The LC,, values ranged from 117 to 875 ppm, with a trend of organic matter
being more important that pH as a determinant of bionvailability within carthworm species. £, andrel
appears to be more sensitive than L, rubellus to this compound,

van Gestel and Ma (198R) looked at the efTects of this compound on survival of L. rubellus and £,
andrer in two humic sand soils of differing organic matter content but similar pH, as described
previously, The LCyq virlues ranged from 116 to 828 ppm, with a trend of organic matter being the more
important detcrminant of bicavailability within carthworm type. £. andrei again appears 1o be more
sensitive to this compound than L. rubellus,

The LC,, value of 116 (van Gestel and Ma, 1990) was the lowest toxic concentration of the ¢ight
reported. A safcty factor of' S was applied to this LC,, to obtain the benchmark of 20 ppm 2,3,4.5-
tetrachlorophenol. Confidence in this benchmark is low,

Pentachlorophenol. van Gestel and van Dis (1988) investigated the effccts of soil pH and organic
matter content on the toxicity of' this compound to £, ferida, A sandy soil (1.7% organic matter) was
tested at pH 4.1 and 7. The OECD antificial soil had a pH of 7 and 7.7% orpanic matter. There was no
strong trend related to organic matter, but the highest LC,, occurred in the more acid soil.

Fitzgerald ct al, (1996) investigated the role of specics, temperature, and soil type on toxicity of
pentachlorophenol lo carthworms, The rescarchers estimated incipient lethal fevels (ILLs), which they
defined as a ime-independent LCS0, i. ¢., an LCS0 that does not change if the test is run {or a tonger
period of ime., The ILLs for Eisenta fetida grown for 14 days in an artificial soil at 24°C or 15°C werc
37 ppm and 27 ppm, respectively, The ILL for Etsenia fetida grown for 14 days in a clay soil at 24°C
was 72 ppm. The ILL for Fusenia engeniae at 24°C was 168 ppm, Lumbricus terrestrss grown at 15°C
had an {LL of 191 ppm.

van Gestel et al, (19%9) used the OECD artificial soil (pH 6) to determine the effects of this
compound on the growth and reproduction of £, andrei, Afier 21 davs, percent cocoan hatching success
was reduced S0% by 32 ppm, while 10 ppm had no ¢ffect, Cocoon production and number of juveniles
per cocoon were not affected until 100 ppm was added,

Heimbach (1984) used the OECD artificial soil (pH 7) to evaluate the effects of this compound on
survival of E. fenida aller 28 days, He found an LC,, of 87 ppm.

van Gestel and Ma (1990) investigated the effects of soil pH and organic matter content on the
toxicity of this compound to two carthworms, [, andrei and L. rubellus, as described previously, The
LCyo valucs ranged from 83 to 2298 ppm, with the highest value occurring in soil with the highest
organic mattcr content for cach carthworm specics, £, andrel appears 1o be more sensitive than L
rubelius to this compound.

van Gestel and Ma (1988) investigated the cffects of this compound on survival of L. rudellus and
E. andrei in two humic sand soils of differing organic matter content but similar pH, us described
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previously, The LCy, values ranged from 94 to 1094 ppm, with no strong trend related to organic matter.
I, andrei ngain appears (o be morce sensitive (o this compound than L. rubellus,

The 10th percentile of the data is about 30 ppm. A safety factor of § is applicd to the valug to
obtain the benchmark of 6 ppm pentachlorophenol, Confidence in this benchmark is low because all but
onc of the 22 values in the data set arc LCys,

Chlorabenzence. van Gestel et al. (1991b) investigated the efTects of soil pH and organic matter
content on the toxicity of this compound to two carthworms specics, £ andrei and L. rubellus, In a
sandy soil with pH 4.8 and 3.7% organic matter and OECD antificial soil (pH 5.9 and 8.1% orgunic
matier), LCy, values were lower for £, fetida than for L. rubellus. Values ranged from 240 to 1107 ppm.

The LC,, valuc of 240 (van Gestel et al,, 1991b) was the lowest toxic concentration of the four
reported. A safety fuctor of 5 was applicd to this LC,, to obtain the benchmark of 40 ppm
chlorobenzene, Conlidence in this benchmark is low,

1,4-Dichlorobenzene. van Gestel et al, (1991b) investigated the effects of soil pH and organic
matier content on the toxicity of this compound to two carthworms specics, £. andrer and L. rubellus,
In a sandy soil with pH 4.8 and 3.7% organic matter and the OECD artificial soil (pH 5.9 and 8.1%
organic matter), LC,, valucs were lower in the soil with a lower percentage of organic matter, LC,,
valucs ranged from 128 1o 615 ppm,

The LCy, value of 128 (van Gestel ct al,, 1991b) was the lowest toxic concentration of the four
reported. A safety factor of § was applicd to this LCy, to obtain the benchmark of 20 ppm 1 4=
dichlorobenzene, Confidence in this benchmark is low,

2.3-Trichlorobenzene. van Gestel and Ma (1990) investigated the efects of soil pH and organic
matter content on the toxicity of this compound o two carthworms specics, £, andrer and L. rubelius,
as described previously, The LC,, values ranged from 115 10 $63 ppm, with the highest LC,, occurring
in soil with the highest organic matter content. No trend in sensitivity of carthworm specics was evident,

The LC,, value of 115 (van Gestel and Ma, 1990) was the lowest toxic concentration of the cight
reported, A safety factor of 5 was applicd to this LC,, 10 obtain the benchmark of 20 ppm 1.2,3-
trichlorobenzene, Confidence in this benehmark is low because of the limited amount of data.

1.2,4-Trichlorobenzene, Neuhauser ¢t al, (1986) used the QECD artificial soil (pH 6) to assess
the effects of this compound on survival of adults of four carthworms species, as described previously,
The LCyos afler 14 days showed litile difference in sensitivity among the worms; sensitivity decreased
in the order £, eugemac>P, excavatus>F. fetida>A. tuberculata,

The LC,y, value of 127 ppm (Neuhauser et al., 1986) was the lowest toxic concentration of the four
reported. A safcty factor of § was applicd to this LC,, o obtain the benchmark of 20 ppm 1,2,4-
trichlorobenzenc. Confidence in this benchmark is low,

1,2.34-Tetrachlorobenzene, van Gestel et al, (1991b) investigated the effects of soil pld and
organic matter content on the toxicity of this compound to two carthworms species, £. andrei and
L. rubellus. In a sandy soil with pH 4.8 and 3.7% organic matter and the QECD artificial soil (pH 5.9
and 8.1% organic matter), LC,, values were lower in the soil with less organic matier, The LC,, values
ranged from 75 to 223 ppm,
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The LC,, value of 75 (van Gestel et al.,, 1991b) was the fowest toxic concentration ol the five
reported. A safety factor of § was applied to this LCy, to obtain the benchmark of 10 ppm 1,2.3,4=
tetrachlorobenzene, Confidence in this benchmark is low,

Pentachlorobenzene, van Gestel et al. (1991a) investigated the effects of soil pH and organic
matter content on the toxicity of this compound to two carthworms specics, £. andrei and L. rubellus,
as described previously, In a sandy soil and the OECD artificial soil, LC,, values were lower in the soil
with a lower pereentage of organic matter, LC,, values ranged from 72 to 223 ppm.

The LC,, value of 115 (van Gestel et al,, 1991b) was the lowest toxic concentration of the four
reported. A safety factor of § was applied to this LCq, to obtain the benchmark of 20 ppm
pentachlorobenzene, Confidence in this benchmark is low,

Nitrobenzene, Neuhauser ¢t al, (1986) used the OECD artificial soil (pH 6) to assess the effeets
of this compound on survival of adults of four carthworms specics, as described previously, The LCys
aficr 14 days showed litle difference in sensitivity among the worms; sensitivity decreased in the order
L. cugeniae>ts, fetida>P, excavatus>A. tuberculata,

The LC,, value of 226 (Neuhauser et al., 1986) was the lowest toxic concentration of the four
reported, A safety factor of 5 was applicd to this LC,, to obtain the benchmark of 40 ppm nitrobenzenc,
Confidence in this benchmark is low.
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4. MICROBIAL HETEROTROPHS AND PROCESSES

4.1 INTRODUCTION

Soil microorganisms play a eritical role in nutrient cyeling. As primary consumens of' soil organic
matter, soil microbes convert nutrients to plant-available forms and serve us a food source for higher
trophic levels. The soil microbiota is a heterogencous collection of highly adaptable organisms exploiting
the many micro-niches in the soil. The effect of contaminants may be to change the microbial community
structure without overall changes in the functional ability of the community, The authors' nsscssment
endpoint, however, is microflors community [unctioning, This is measured as cffects on C
mincralization, N transformation, and enzyme activitics.

Little information is available on thc mechanisms of toxicity of contaminants to soil
microorganisms, Some metal ions may inhibit cnzyme reuctions by complexing with enzyme substrates,
combining with the protein active group of the enzyme, or reacting with the enzyme-substrate complex
(Juma and Tabatabai, 1977).

As with the others benchmarks, much of the variance is due to the variance in soil characteristics
that influcnce toxicity. These characteristics control bioavailability to all soil-dwelling organisms, with
pH and organic matter content being among those that are very important,

4.2 MICROBE DATA SELECTION

Toxic responsc data were collected for inorganic clements and organic compounds, Measures of
effects of soil-borne chemicals on microorganisms include growth, respiration, nitrogen transformation
reactions (denitrification, mineralization, and nitrification), C mincralization, P mincralization,
cellulolvtic activity, oxidation of hydrogen gas, alpha-glucosidase synthesis, and other enzyme acuvitics.

Many cnzvmes that are produced by plants and microbes can exist and {unction extraccllularly in
the soil for varying periods ol time, depending on soil micro-cnvironmental factors (Tabatabai, 1982),
For this reason, it may not be appropriate to interpret measured effects of chemicals on soil enzyme
activitics as representing cffects on soil microbial populations. Seil enzymes do, however, give valuable
information about the functioning of the soil in organic matter degradation, These cnzymes include
urcase which catalyzes the hydrolysis of urea to CO, and NH,. phosphatases which catalyze the
hydrolysis of phospho esters and anhydrides; arylsulfatase which catalyzes the hydrolysis of the
arylsulfate ion; amidase, which catalvzes the hydrolysis of acid amides with the relcase of NH,;
amylases, cnzymes which catalyze the hydrolysis of starch and glveogen; and dehyvdrogenasces, a group
of enzymes which catalyzc the dehvdrogenation of many organic compounds. Dehvdrogenase activity
is considered by some to provide an overall estimate of microbial activity. None of these activitics is
accepted as adequate for characterizing the responsc of the soil microbial community to Loxic stress
because of the many soil and microbial {actors affeeting them at the micro-cnvironment level. However,
it is oflen the casc that benchmarks arc based on the cffects of a chemical on a single activity (..,
reduction of phosphatase activity) beeause of lack of other data.

Most of the rescarch uscd to establish benchimarks was conducted in the laboratory with native soil
microflora in small samples of soil or soil/litter microcosms. Exposurc durations ranged from onc and
onc-hall hours to onc and one-half years. The chemicals tested were mixed into the soil in the form of
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salts, Bacterin, actinomyectes, and fungi are included and evaluated together, Tests conducted in culture
media arc not included because they are not dircetly relevant 1o the soil environment,

4.3 MICROBE DATA AND BENCHMARK DERIVATION

A short review of the available litcrature is discussed in the following text. Data are summarized
in Appendix B, and benchmarks arc given in Table 2,

4.3.1 Inorganic Chemicals

Aluminum, The cffects of soil characteristics on efTects of Al (as AICl,) on arvisullatase activity
was cvaluated by Al-Khafaji and Tabatabai (1979), Soils were chosen with a range in pH, organic
matter, and clay contents (6.2 te 7.6; 5.4 to 10.6%; 26 to 34%). Air-dried, sieved soil samples were
placed in {lasks with the test chemical added in solution, The samples were incubated for 90 minutes
before microbial activity was stopped and arvlsulfatase activity measured, In all soils, a concentration
of 675 ppm Al reduced the enzyme activity between 24 and 43%. The Ieast inhibition oceurred in the
soil with the highest contents of organic matter and clay.

Juma and Tabatabai (1977) uscd essentially the same system and three of the same soils to evaluate
the cffects of severnl metals on soil acid and alkaline phosphatase activitics, Three soils were used to test
cflects and ucid phosphatase activity with pH, orgonic matter, and clay ranging from S.8 to 7.8, 5.2 to
11%, and 23 to 30%. Alkalinc phosphatasc activity was not tested in the most acid soil, For Al in a loam
soil (pH 5.8 percent organic matter 5.2) acid phosphatase activity was reduced, and alkaline
phosphatasc activity wus reduced in another loam soil (pH 7.4, percent organic matter 11) by o
concentration of 675 ppm Al Aluminum had no cflect on the activity of either enzyme in an alkaline soil
(pH 7.8, percent organic matter 7.4),

The benchmark of 600 ppm of Al was derived from the previously described studics. Conlidence
in the benchmark is low because of the limited amount and type of data available,

Arsenic, Juma and Tabatabai (1977} used the system described for Al 1o evaluate the effects of two
forms of As on soil acid and alkaline phosphatase activitics, Arsenic (U11) had no effeet on acid
phosphatase activity in any of the three sotls, At a concentration of 1875 ppm As (lowest concentration
tested), acid phosphatase activity was reduced in a loam soil (pH 7.8; percent organic matter 7.4),
Arscnic (V) was more toxic than As(1lT) to both enzyme complexes. Alkaline and acid phosphatase
activities were reduced by as little as 187.5 ppm As(V) (lowest congentration tested) in soils of pH 5.8
to 7.4 and pereent organic matter 5,210 11,

Frankenberger and Tabatabai (1981) investigated the effcet of As(l11) on amidase activity in three
soils in shaker (lask assays as described previously, Afler 2 1/2 hrs, amidase activity was reduced in al}
three soils. Activity was almost totally inhibited in the soil with the soils tested with a lowest
concentration of 1873 ppm.

The effective concentration of 187 ppm (Frankenberger and Tabatabai, 1981) is the lowest of the
cight reported. Confidence in the benchmark of 100 ppm is low beeausc of the limited amount and type
of data available,

Barium, The influcnce of soil characteristics on effects of Ba on arvisulfatase activity was
cvaluated by Al-Khafaji and Tabatabai (1979) using methods described for Al A reduction in activity
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was measured in only one of the four soils, having the lowest pH and organic matter content. A 22%
reduction in activity was causcd by 3433 ppm Ba (only concentration tested).

The benchmark of 3000 ppm is based on this study. Confidencee in the benehmark is low because
of the limited amount of data available,

Boron, The influcnce of soil characteristics on cffects of B on arylsulfatase activity was cvaluated
by Al-Khafaji and Tabatabai (1979) using mcthods described for Al, Approximately the same degree
of reduction in activity was measured in all soils at 270 ppm, and at 27 ppm in a loam (pH 6.5, percent
organic matter 5,8) There wus no clear relationship between magnitude of reduction in activity and soil
pH and organic matter,

Juma and Tabatabai (1977) uscd the system described for Al to evaluate the cfTects of B on soil
acid and alkaline phosphatase activitics. Acid phosphatase activity was not aflected in the soif with the
highest pH. [t was reduced in the other two soils at a ¢concentration of 270 ppm. Alkaline phosphatase
activity was not afTeeted by B in the soils tested.

The effective concentration of 27 ppm (Al-Khafaji and Tabatabai, 1979) is the lowest of the six
reported. Confidence in the benchmark of 20 ppm is low because of the limited amount and type ol data
available.

Cadmium, The influence of soil characteristics on effeets o' Cd on arylsulfatase activity was
cvaluated by Al-Khafaji and Tabatabai (1979) using methods deseribed for Al A reduction in activity
was measured in all four soils (23 to 55%) at 2810 ppm Cd, with the greatest reduction in the soil with
the lowest clay content,

Juma and Tabatabai (1977) used the system described for Al to evaluate the effeets of' Cd on soil
acid and alkaline phosphatase activitics. Acid phosphatase activity was reduced in all tiree of the soils
(44 to 51%) at 2810 ppm. Alkalinc phosphatase activity was reduced 27% in the loam soil at a
concentration of 281 ppm and 78% at 2810 ppm in a clav loam soil in which this was the only
concentration tested.

Haanstra and Doclman (1991) investigated short- and longsterm ciTects of metals on arvlsulfatase
uctivity, urease activity (Dociman and Haanstra, 1986), and total phosphatase activity (Doclman and
Haanstra, 1989) by native soil microfiora in five soils (sand, sandy loam, silt loam, clay, and sandy peat)
ol varying characteristics, Soil pH ranged (rom 7.7 to 4, organic matter content {rom 1.6 to 12.8%, and
clay from 2 to 60%. Metals were added as salts 1o the sicved soils in {lasks, and enzyme activity was
measurcd afler a G-week or 18-month study, Results were reported as EC,,. In the G-week incubation
study on the efTects of Cd, data from the sandy loam soil were not available. Data for the efTeets on
phosphatase activity were also not available [or sandy peat. For all three enzyme systems, the highest
EC,.s were found in the soil with the highest clay content (9520, 9779, and 4460 ppm for aryisulfatase,
phosphatase, and urease activitics, respectively). The Jowest EC, s were 1888 ppm for arvlsulfatase, and
840 and 340 ppm in the sand for phosphatase and urcase activitics. In the 18-month study, data from
the sandy peat soil were not available for arylsulfatasc and phosphatase. The highest ECs were 230
ppm in the soil with the highest pH for phosphatase, 30 ppm Cd in the sandy loam soil for urcase, and
121 ppm in the sand (lowest pH, organic matter, and clay) for arvisulfatase,

The effects of several clements on dehydrogenase activity of the native soil microllora in a
composile soil sample from the Rocky Mountain Arsenal was asscssed by Rogers and Li (1985). Soil
was amended with glucose and alfalfa, with the metal salts added in solution. Afier 6 days, a
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concentration of 30 ppm Cd (lowest concentration tested), added as cadmium nitrate, reduced
dchydrogenase activity by 47%.

Lighthart and Bond (1976) investigated the efTects of Cd (as CdCl,) added 1o a small (600 ml) soil
and litter microcosm. Soil was homogenized and sicved and the overlying plant litter layer was sicved,
The Cd (0.006 or 6.1 ppm Cd) was introduced into the microcosm by injecting an aqucous solution into
the soil and liter with a syringe, Afler 24 days, the native soil and litler microflora exhibited a 43%
reduction in respiration (O, uptake) in microcosms inoculated with 6.1 ppm Cd.

Threshold levels o Cd (as cadmium acctate) for soil respiration of native microflora in three soils
were determined by Reber (1989), The soils ranged in pH from 5.6 te 7, percent organic matter 1,7 10
2.6, and percent cliy 3.2 to 21.3, There was no clear relationship between these soil characteristics and
the magnitude of reduction in soil respiration at the concentrations tested, The highest LOEC
concentration (56.3 ppm) for Cd was associnted with the soil containing the lowest percentage of organic
matter and the lowest pH,

Liang and Tabatabai (1977) investigated the eflects of various metals on N mincralization by native
soil microflora in four soils varving in pH from 6 1o 7.8, clay from 23 to 34%, and organic matter content
from 6 to 11%. Only onc concentration of cach metal was tested and was added to the soil as a salt
solution, Cadmium reduced N mincralization in two soils at 562 ppm but no relationship between soil
characteristics and cffeets of Cd could be discerned.

Bollag and Barnbasz (1979) evaluated the efleets of several metals on denitrification in autoclaved
soi] by three species of soil-dwelling Psendomonas species of bacteria andon denitrification in soil by
native soil microflora. The silt loam soil was utoclaved to Kill the majority of'its microflora, inoculated
with individual metals and bacterial populations, and incubated 4 days under anacrobic conditions. The
same soil was used (o determine the effects of mictals on denitrification by the native soil microflora after
21-day incubation under anacrobic conditions. In the autoclaved soil, two of the three Pseudomonas
specics had reductions in actvity at 50 ppm Cd, while the third was more sensitive to the toxic effects
of this metal (and Cu and Zn) on denitrification. The native soil population in unautoclaved soil was
more tolerant of the Cd, with reductions in activity at 100 ppm Cd. It is not clear whether this difference
is duc to changes in the chemical and physical nature of the soil during autoclaving or to other organisms
in the natural soil being more tolerant to Cd.

Khan and Frankland (1984) used a dyed ccllophane Gim technique to evaluate the effects of Cd on
ccllulolytic activity of native soil microflora in a Brown carth soil (pH 4,6). The film was encased in
nvion mesh, buricd in the potted soils contining Cd added as CdCls, and allowed to cquilibrate for 15
days. Afler a further 30 davs past the equilibrium period, the film was retricved and analyzed for dyc
release, A 35% reduction in percent ecllulose decomposition was measured in pots containing 100 ppm
Cd, while 50 ppm had no effect.

Lighthart ct al. (1977) evaluated the effects of a number of metals at single concentrations on
respiration of native soil microflora in small coniferous forest soil/litter microcosms, Metals in solution
form were mixed into the soil and litter which were then layered in the microcosm. Cadmium at 920 ppm
reduced respiration 61%,

In astudy on the effects of Cd on N mincralization and nitrification by native soil microflora in a
moderately neid soil, Bewley and Stotzky (1983) found N mineralization to be unaffected by Cd levels
up to 1000 ppm, the highest concentration tested. Nitrification was reduced 62% by 1000 ppm.
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The effects of Cd as CdCl. on carbon and nitrogen mincralization and nitrogen transformations in
alfaifa-amended sicved soil were determined by Suter and Sharples (1984), The silt loam soil had a pH
of 4.7. AL 3 days, respiration was reduced by 20% at 500 ppm, but at later dates no significant reduction
occurred, Ammonia levels were increased (by as much as a factor of 12) on dayvs 22 to 53 at 50 ppm Cd
and higher. Nitrate levels were reduced by >21% on days 25, 32, and 39 at 50 ppm Cd and higher, but
on days 46 and 53 significant ¢fTects occurred at only 100 ppm and higher, These results suggest that
nitrification is highly sensitive to Cd relative to C mineralization and may be chronically reduced at 50

ppm.

A benchmark of 20 ppm Cd was cstablished as the 10th pereentile of the 47 reported cflective
values. Confidence in this benchmark is high because of the relatively large amount of data available for
a varicty of functional measures.

Chromium, Liang and Tabatabai (1977) investigated the cffects of various metals on N
mincralization by native soil microflora in four soils, as deseribed for Cd, Chromium(l) at 260 ppm
reduced N mincralization in the soil containing the highest organic matter content. This same soil showed
an cffect of added Cu.

The cffects of Cr(l1]) on dehvdrogenase activity of the native soil microflora in soil from the Rocky
Mountain Arsenal was assessed by Rogers and Li (1985) as described previously for Cd. Afler 6 days,
a concentration of 30 ppm Cr (e lowest concentration tested) reduced dehydropenase activity by 54%,

Juma and Tabatabai (1977) used the system deseribed for Al to evaluate the cffeet of Cr on soil acid
and alkaline phosphatase activitics, Acid and alkaline phosphatase activitics were affected at 1635 ppm
in all three soils to about the same degree, but greater inhibition of alkaline phosphatase activity occurred
in the soil with the greatest content of organic matier and clay,

Ross et al. (1981) cvaluated the relative toxicitics of forms of Cr to respiration of native soil
microflora in a loam and a sandy loam soil, After 22 days, Cr (1), tested at only 100 ppm, causcd
reductions in both soils of 4! and 48%, A concentration of 10 ppm (the lowest concentration tested) Cr
(VD) caused reductions in both soils (27 and 33%). In this experiment, Cr(V1) was more toxic than
Cr(111) 1o s0il respiration,

Premi and Cornficld (1969, 1969/1970) investigated the effects of Cr added to a sandy loam soil
on nitrogen transformations by native soil microfiora. In a 21-day experiment (1969), nitrification was
saverely inhibited at 1000 ppm Cr (added as sulfate salt), but was unafTected at 100 ppm. In an 8-week
experiment (1969/1970) with sucrose and ammonium nitrate added 10 the soil, nitrification was not
affected by 10,000 ppm Cr, the highest concentration tested. Possible reasons for the difTerences in
results for the two sets of experiments are dilferences in exposure duration and cfTects of amendments,

Bhuiya and Cornficld (1976) investigated the cffects of several metals on N mincralization and
nitrification by native soil microflora in a sandy soil at different pM levels, Metals were added to the soil
as oxides to achicve a concentration of 1000 ppm, and the pH was adjusted to 7 (or left at the natural
pH 6) before a 2-month cquilibration period, Afler an additional 6 or 12 weeks past the equilibrium
period, N transformation measures were made, After 6 weeks, both mineralization and nitrification were
reduced by 1000 ppm Cr at pH 7, but not at pl 6. Afier 12 weeks, neither mineralization nor
nitrification was affected by Cr at cither pH,
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The eflcets of soil eharacteristics on toxicity of Crto arvlsulfatase activity was cvaluated by Al-
Khafaji and Tabatabai (1979) using methods deseribed for Al Activity was reduced in all soils at 1300
ppm Cr. Magnitude of reduction was inversely related to soil organic C content.
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Haanstra and Doclman (1991) investigated short- and long-lerm cfTects of Cr on arvisulfatase
activity, urcasc activity (Doclman and Haanstra, 1986), and total phosphatase activity (Doclman and
Haanstra, 1989) by native soil microflora in five soils, as described for Cd. [n the G-week incubation
study on the efTeets of Cr, datn from the silt loam soil were not available for arylsulfatase activity and
not available from the sandy loam soil for urcasc. The highest EC,,s were 3203, 5512, and 4470 ppm,
respectively, for arvisullatase, phosphatase, and urcase activitics found in dilTerent soils. The lowest was
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17 ppm in the sand for arylsulfatase and 1170 and 490 ppm in the clay for phosphatase and urcase. In ....
an 18-month study, the highest ECys were 1798, 20020, and 1110 ppm Cr, respectively, for o
arylsulfatase, phosphatase, and urcasc activitics found in difTerent soils, The lowest were 12 and <) ppm ot
in the clay for arylsulfatase and urcase activitics and 2692 ppm in the sandy loam for phosphatasc "
activity. &

The benchmark for Cr was established at 10 ppm because the 10th pereentile lics between the ECy, :
values of 12 and 1§ ppm from the work of Haanstra and Doclman (1991), Confidence in this benchmark B
is high becausc of the relatively large amount of data available for a varicty of functional measures. A

Cobalt, Lighthart et al. (1977) evaluated the effects of Co at a single concentration on respiration :
of native soil microflora in soilfliticr microcosms, as described for Cd. Co at 1362 ppm reduced )

respiration 23%,

The benehmark of 1000 ppm comes from this study. Confidence in the benehmark is low because
of the limited amount of data available.

Copper. Liang and Tabatabai (1977) investigated the effects of various metals on N mineralization
by native soil microflora in four soils, as described for Cd. Copper at 320 ppm severely reduced N
mincralization in one soil. This same soil showed an effect o added Cr(l11).

The cffects of Cu on dehydrogenase activity of the native soil microflora in soil from the Rocky \
Mountain Arscnal was assessed by Rogers and Li (1985) using methods described for Cd. A “
concentration of 30 ppm Cu (the lowest concentration tested) Cu reduced dehydrogenase activity by 0
28%. -

Bollag and Barabasz (1979) evaluated the effeets of Cu on denitrification by three specics of soil-
dwelling Pseudomonas spesices of bacteria in autoclaved soil and by native soil microflora, as described
for Cd. In the autoclaved soil, there was a range of sensitivitics of the Pyendomonay species to Cu, K
LOECs ranged from 10 (lowest concentration lested) to 250 ppm (highest concentration tested), The =
organism most sensilive 10 the effects of Cd and Zn was alse morc sensitive 1o the toxic effects o Cu
on denitrification, Denitrification by the native soil population was reduced 4% by 250 ppm Cu.

The effects of adding Cu, as CuSQ,, to a sandy loam adjusted to three pH levels on N
mincralization during a 2l-day incubation was usscssed by Quraishi and Comnfield (1973).
Mineralization was decreased by 1000 ppm Cu at all three pH levels (5.1, 5.9, and 7.3) with inhibitory
cfTect increasing with decreasing pH from 39% to 100%,

Premi and Comnfield (1969, 1969/1970) investigated the effeets of several metals added to a sandy
loam soil on nitrogen transformations by native soil microflora, In a 21-day experiment (1969),
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nitrification was severely inhibited at 10,000 ppm Cu, added as CuSO,, but unaffected at 1000 ppm.
Copper added in carbonate form was ineffective at 10,000 ppm (highest concentration tested), probably
because of the increase in soil pd caused by addition of this form. In an B-week experiment (1969/1970)
with sucrose and ammonium nitrate added to the soil, nitritication was decrcased at 1000 ppm Cu but
unafTected at 100 ppm. Possible reasons for the differences in results between the two experiments are
differences in exposurc duration and cffects o' amendments,

Bhuiva and Cornficld (1972) nssessed the effects of several metals on C mineralization by native
microflora in a sandy soil, with or without added organic matter. Metals were added to the soil as oxides
to achieve a concentration of 1000 ppm and a small amount of ground oat straw was added to part of
the soil before a 2-month cquilibration period. Afler a further 12 weceks, soil respiration was reduced in
the Cu-trcated soil with amendment but not in the unamended soil,

The influence of soil characteristics on effects of Cu on arvlsulfatase activity was evuluated by Al-
Khafaji and Tabatabai (1979) using methods described previously for Al In the soil with the highest pH
(7.6), Cu had no cffect, Aryvlsulfatase activity in the other three soils was reduced by Cu at a
concentration of 1590 ppm, Reductions were the least severe in the soil having the highest organic
carbon and clay content,

Juma and Tabatabai (1977) used the system described for Al Lo evaluate the effects of two forms
of Cu on soil acid and alkaline phosphatase activities. Acid phosphatase activity was affected by Cu(l)
and Cu(ll) in all three soils about cqually at a concentration of 1590 Cu (lowest concentration tested),
The greatest reduction occurred in the soil with the lowest pH and the lowest contents of organic matter
and clay. Alkaling phosphatase activity was more sensitive 1o Cu(l) than Cu(ll).

Haanstra and Doclman (1991) investigated short= and long-term cffects of Cu on arylsullatase
activity, urcasc activity (Dociman and Haanstra, 1986), and total phosphatase activity (Doclman and
Haanstra, 1989) for native soil microflora in five soils, as described for Cd, In the G-week study, data
were not available for phosphatase activity in the sandy loam or for urcasc activity in the silt lonm, The
highest EC,s for aryisulfatase and phosphatase activitics (14,946 and 6424 ppm) was found in the soil
with the highest pH (silt loam), The highest EC,, for urease activity (4200 ppm) was found in the soil
with the greatest content of organic matter and the lowest pH (sandy peat), The lowest EC,y,s, all found
in the sand, were 390, 140, and 260 ppm for arvisullatase, phosphatase, and urcase. In the [H.month
incubation study, the highest EC,.s were 6996 and 4200 ppm Cu in the soil with the greatest pereentage
organic matter for arvisullatase and urcase activitics and 2773 ppm for phosphatase in the cluy soil.
Lowest EC,,s were 203, 170, and GR0 ppm in the sand for arvisullatase, phosphatase, and urease
activitics, respectively,

The effects of Cu (as CuCl.) on carbon and nitrogen mincralization and nitrogen transformations
in alfalfa-amendcd sicved soil were determined by Suter and Sharples (1984), The silt loam soil had a
pH of 4.7. At 10 days, respiration was reduced by 24% at 100 ppm, but significant reductions occurred
at 560 ppm on days 3 and 14 and at 1000 ppm on all dates. Ammonia concentration was decreascd
significantly by $8% on davs 4 and 11 at 10 ppm, but there was no increasc of effects with concentration
on those dates, and ammonia concentrations were unchanged or increased at those concentrations on later
duates. Ammonia concentrations were significuntly increased at 500 and 1000 ppm {rom day 1% to 53,
and afler day 18 there were regular patems of increasing ammonia at increasing Cu levels. Nitrate levels
were reduced by 21% on day 4 at a concentration of 10 ppm, but not on later dates. On day 11, nitrate
concentrations were significantly reduced to 50-1000 ppm (but increased at 10 ppm), und on days 18
to 53, they were significantly reduced only at 500 and 1000 ppm Cu. These results suggest that
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nitrification is highly sensitive to Cu, relative to C and N mincralization. I the chronic response is used
as the basis for the benchmark, the threshold for significant effects in this test is 500 ppm Cu.

The benehmark for Cu has been established at 100 ppm, Conlidence in this benchmurk is high,

Fluoride. The cfTects of fluoride, added as potassium Qluoride to poplar litter, on nitrogen and
phosphorus mincralization by native microflora was investigated by van Wensem and Adema (1991).
The newly fallen (2 months old) litter was air-dried, cut into small picces, and rewcticd with KF solutions
of varying concentrations, After 9 weeks, K mincralization was reduced 22% in litter trented with 32,3
ppm F, the lowest concentration tested, Nitrogen mineralization was reduced 26% by 100.7 ppm, while

32,3 ppm had no efTect,

The cffects of F on dehvdrogenase activity of the native soil microflora in soil from the Rocky
Mountain Arscnal was asscssed by Rogers and Li (1985) as described previously for Cd. A
concentration of $000 ppm F reduced dehydrogenase activity by 30% (3000 ppm had no efTect),

The toxic concentration of 32 ppm (van Wensem and Adema, 1991) is the lowest of the two
reported. Confidence in the benchmark of 30 ppm is low because of the limited amount and type of data

available,

Iron. Liang and Tabatabai (1977) investigated the effects of Fe on N mineralization by native soil
microflora in four soils, as deseribed for €d. lron(11!) reduced N mincralization in onc soil at 280 ppm.
This same soil showed an effect of added Cd,

The influcnce of soi! charucteristics on cffcets of Fe(111) on arylsulfatase activity was cvaluated by
Al-Khaluji and Tabatabai (1979) as described previousty for Al In the soil with the highest pH (7.6),
Fe(l1T) had no effect. Activity was reduced in all other soils at 1398 ppm Fe, The magnitude of reduction

generally was inversely related to soil pH.

Juma and Tabatabai (1977) used the system described for Al to evaluate the cffects of Fe(ll) and
Fe(I11) on soil acid and alkaline phesphatase activitics, Iron(l1) reduced acid phosphatase actvity at 1398
ppm in only the soil with the lowest pH and organic matter and clay contents, Iron(11) reduced activity
1o a greater degree in this soil and also in the soil with the sccond lowest pH (but highest organic matter
and clay contents), Iron(1]) inhibited alkaling phosphatase activity in onc of the soils tested and Fe(lll)

in the soil in which both forms of Fe inhibited acid phosphatase activity,

The effective concentration of 280 ppm (Liang and Tabatabai, 1977) is the lowest of the ninc
reporied. Confidence in the Senchmark of 200 ppm is low beeause of the limited amount and type of data

available,

Lanthanum, Lighthart et al, (1977) evaluated the efTects of La (as LaCly) at a single concentration
on respiration of native soil microflora in soil/litter microcosms, as described for Cd. After 23 days,

lanthanum at 57 ppm redveed respiration by 22%.

The benchmark of SO ppm (Al-Khafaji and Tabatabai, 1979) is based on this work. Conlidence in
the benchmark is low beeause of the limited amount of data available,

Lead. Khan and Frankland (1984) used a dyed ¢cllophane film technigue to evaluate the eflects of

Pb on celiulolytic activity of native soil microflora in a Brown carth soil (pH 4.6), as described
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previously for Cd, A 23% reduction in pereent cellulose decomposition was measured in pots containing
1000 ppm Pb, while 500 ppm had no cfTect,

The mediating influence of clay on effects of lead on soil respiration was asscssed by Debosz et al,
(1985). The sandy loam soil (9% clav) was amended with glucose and Pb acctate in solution. Afler 15
days, respiration was reduced 29% by 10,000 ppm Pb (1000 ppm had no cffect). In the same soil
amended with cither 9% by weight kaolinite or montmorillonite, Pb up to 10,000 ppm had no cffeet.

B4 e OLA2OU o oo

Cole (1977) assessed the effects of various carbohydrate additions and Pb compounds on amylase
synthesis and activity by native soil microflora in a silt loam soil, Carbohydrates were added to thic soil
in solution and Pb in dry salt form, With the addition of glucosc and lead acetate, amylase activity was
more sensitive than synthesis, with a 74% reduction at the lowest concentration tested (2000 ppm). With
the addition of starch, amylasc activity was reduced less by PbCly than with lead acctate and leud sulfate,
With the addition of lcad acctate, amylase activity was more sensitive with the addition of starch than
with glucose. Cole also investigated the clTect of Pb acetale on alpha-glucosidase synthesis and bacterial
population size. Both were reduced by the addition of 2000 ppm Pb (lowest concentration tested).

Powidis 23000

Liang and Tabatabai (1977) investigated the effects of Pb on N mincralization by native soil
microflora in four soils, as described for Cd. Lead reduced N mincralization in one soil at 1035 ppm,
This same soil showed an effect of added Cd.

L 1
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Bhuiva and Cornficld (1972) assessed the toxic effects of Pb on € mincralization by native
microflora in a sandy soil, with or without added organic matter, as described for Cu. After 12 weeks,
soil respiration was reduced in the Pbetreated soil without oat straw, but not in the straw-amendced soil,

k- O

Juma and Tabatabai (1977) uscd the system described for Al to evaluate the effects of two forms
of Pb (acetate and nitrate) 1o soi} acid and alkaline phosphatase activitics, The two forms had equal effect
on acid phosphatase activity at 5175 ppm and that only in the sot! with the lowest pH and organic matter
and clay contents, They had cqual effects on alkaline phosphatase activity at this concentiation in one
of the soils tested, and only Pb acctate was inhibitory in the soil with the highest organic matier and clay -

contents,

Haanstra and Doclman (1991) investigated short- and longsterm efTects of Pb on arylsulfatase '
activity, urcase activity (Doclman and Haanstra, 1986), and total phosphatase activity (Doclman and -
Haanstra, 1989) by native soil microflora in five soils, as deseribed for Cd, In the G-week study on the '
cfeets of Ph, data from the sandy loam, clay, and sandy peat soils were not available for aryisulfatase, i
the sand, sandyv foam and peat for phosphatase, and the sand for urease. The highest ECy8 for .
arvisulfatase and phosphatasc activitics (9138 and | 168 ppm) were found in the clay soil. The highest :
EC,, for urcase activity (7190 ppm) was found in the silt loam (highest pH). The lowest were 8288, .
8184, and 50 60 ppm Pb for arvisulfatase, phosphatase, and urcase activitics, In the [8-month study,
data from the sandy peat soil were not available for arvisulfatase and phosphatase and from the clay and o
sandy loam for phosphatase. The highest ECyes were 12,411 ppm in the soil with the highest clay for -
arylsulfatase, 78,943 ppm for phosphatase in the sand, and 8130 in the silt loam for urease. The lowest
EC,os were 3004, 7604, and 1340 ppm, in different soils,

Doclman and Maanstra (1979) cvaluated the effects of Pb on soil respiration and dehydrogenase
activity in several soils, Afler 24 hours, respiration in a sund (pH 5.7, percent organic matter 3) was
reduced by 750 ppm Pb, the lowest concentration tested. Dehydropgenase activity was not aflected at this
concentration, After 40 months, respiration in this soil was reduced to approximately the same degree
at 1500 ppm, the lowest concentration tested. Dehydrogenase activity was not evaluated. In another
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sandy soil, (pH 5.4, percent organic matter 6.7), dehvdrogenase activity was severely inhibited by 1500
ppm, but not at 750 ppm Pb afier 24 hours, Respiration was not affected at this concentration. In a elay
soil, dehydrogenase activity was inhibited by 375 ppm, the lowest concentration tested. Respiration was
not evalunted.

The benchmark of 900 ppm Pb is the 10th percentile o the 36 reported effective values, Confidence
in this benchmark is high beeause of the relatively large amount of data available for a varicty of
functional measures.,

Lithaum, Lighthart ct al, (1977) evaluated the effeets of Li at a single concentration on respiration
of native soil microflora in soil/litter microcosms, as described for Cd. Lithium at 17 ppm reduced
respiration 43%.

The effective concentration of 10 ppm was derived from this study, Confidence in the benchmark
is low because of the limited amount of data available,

Mungancse. Liang and Tabatabai (1977) investigated the effects of Mn on N mincralization by
native soil microflora in four soils, as described for Cd, Manganese at 275 ppm reduced N mineralization
in onc soil, This same soil showed an efTect of added Cd.

Premi and Comficld (1969) investigated the effects of Mn added to a sandy loam soil on nitrogen
transformations by native soil microflora, In a 21-day experiment, nitrification was scverely inhibited
at 100 ppm, added as sulfate salt, the lowest concentration tested,

Juma and Tabatabai (1977) used the svstem described for Al 1o evaluate the effect of Mn on soil
acid and nlkatinc phosphatasc activitics, Acid phosphatase activity was alfeeted at 1375 ppm only in the
soil with the lowest pH and organic matter and clay contents, Alkaline phosphatase activity was reduced
in one of the soils tested by this same concentration,

The eflective concentration of 100 ppm (Premi and Comiicld, 1969) the lowest of the four reported,
Confidence in the benchmark of 100 ppm is low because of the limiled amount and type of data
available,

Mercury. van Fanssen (1973) investigated the cffects of an inorganic and an organic mercury
compound on N mincralization and nitrification by native soil microflora in two alkaline soils: a dune
sand with 2% organic maticr and a mix of two clay soils with 6% organic matter, Little information was
provided concerning the experimental design, In the clay soil, both HgCla and phenylmercury acetate
reduced nitrification at 100 ppm Hg (10 ppm had no effect), but the organic form was more inhibitory
than the inorganic form, Mincralization was not affected by the inorganic form but was decreased by
phenylmercury acetale. In the dune sand, HgCl, severcly reduced nitrification at 100 ppm (10 ppm had
no cflect) and phenylmercury scetate reduced nitrification at 10 ppm Hg (lowest concentration tested).
Mineralization was not affected by the organic form but was decreased by HgCl. at 100 ppm Hg. This
work indicates that the relative toxicity of various forms of Hg can be influenced by soil characteristics.

Landn and Fang (1978) investigated the effects of mereuric chlonde (up to 100 ppm Hg) on carbon
mincralization by native soil microflora in five agricultural topsoils varying in pH and organic matier
content, The magnitude of effects varied greatly among the soils and were not related to those two soil
characteristics, Effects ranged from an 87V reduction at 0,1 ppm (the lowest concentration tested) in one
of the soils to no cffect at 100 ppm in another soil.
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Bremner and Douglas (1971) evaluated the effects of scveral metals on urease actvity in two soils
with similar pH, organic matter, and clay content characteristics, Metals were added individually in
solution at a concentration of 50 ppm, and urcasc activity was determined alter § hours. Mercury, added
cither as the chloride or sulfate salt, decreased urcase activity by 36 to 42% in both soils.

Liang and Tabatabai (1977) investigated the effects of Hg on N mincralization by native soil
microflora in four soils, as described for Cd. Mereury reduced N mineralization in al! soils at 1003 ppm,
The greatest magnitude of the oxic effeet was scen in the soil having the lowest pH and organie matter
und clay contents,

The influence of soil characteristics on effects of Hg on arvlsulfatase activity was cvaluated by Al-
Khafoji and Tabatabai (1979) as described previously for Al In two soils tested with a lowest
concentration of 502 ppm, arvlsulfitase activity was greatly reduced. In the two soils tested with a lowest
concentration of 5015 ppm, arylsuifatase activity was inhibitcd almost totally. No clear differences
between the soils with regard to efTects on toxicity of Hg could be discemed.

Frankenberger and Tabatabai (1981) investigated the effect of Mg on amidase activity in three soils
in shaker {lask assays as described previously, Afler 2 1/2 hours, amidase activity was reduced in all
three soils at 5015 ppm. The greatest reduction occurred in the soil with the lowest pH and organic
matter and clay contents.

Juma and Tabatabai (1977) used the svstem described for Al to evaluate the cffect of Hg on sail
acid and alkalinc phosphatase activitics. Acid and alkaline phosphatase activitics were afTected aL 5015
ppm in all three soils to about the same degree.

The benchmark of 30 ppm Hg is the 10th pereentile of the 27 reported cffective values, Confidence
in this benchmark is high beeause of the relatively large amount of data available tor a variety of
functional measurcs,

Molybdenum, Liang and Tabatabai (1977) investigated the efTects of Mo on N mincralization by
natve soil microflora in four soils, as descnbed for Cd, Molybdenum reduced N mineratization in three
of the soils at 480 ppm. No toxic cffect was seen in the soil having the lowest pH and organic matter and
clay contents, No clear relutionship between soil characieristics and magnitude of effects o Mo could
be discerned.

The influence of soil characieristics on ellects of Mo on arvisulfatase activity was evaluated by Al
Khafaji and Tabatabai (1979) as deseribed previously for Al In the soil with the highest clay and organic
matter contents, Mo had no clfect, Activity was severely reduced at 2398 ppm (lowest concentration
tested) in the soil with the lowest pH and organic matier content, [Lis possible that activity in this soil
would have been inhibited 1o a someswhat lesser degree by 240 ppm Mo, as it was in the two remaining
soils.

Juma and Tabatabai (1977) used the system described for Al to evaluate the cffect of Mo on soil
acid and alkalinc phosphatase activities. Acid phosphatase activity in all three soils was reduced at 2398
ppm, In the soil with the lowest pH, and organic matter and clay contents, it was also inhibited at 240
ppm Mo, Alkaline phosphatase activity in both soils tested was reduced about the same degree at this
concentration,

The benchmark for Mo was established at 200 ppm based on the work of Al-Khafaji and Tabatabai
(1979). Confidence in this benchmark is moderate.
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Nickel. The eflects of Ni, as nickel sulfate, on dehydrogenase activity of the native soil microflora
in soil from the Rocky Mountain Arsenal was assessed by Rogers and Li (1985) as deseribed previously
for Cd. After 6 days, a concentration of 30 ppm (lowest concentration tested) Ni reduced dehydrogenase
activity by 39%.

Babich and Stotzky (1982) evaluated the effects of two forms of Ni on myeclial growth ratc of a
number of soil-dwelling fungi inoculated individually into autoclaved sandy loam soil. The
concentrations at which growth was reduced ranged from 50 to 750 ppm for Ni (ndded in chloride or
sulfate form).

Giashuddin and Comnficld assessed the effect of Ni added in oxide (1979) and sulfate {(1978) forms
on N and C mincralization by native soil microflora in a sandy soil. The metal salts were mixed into the
soil in dry form. Afier 42 days incubation, soil respiration (C mincralization) was reduced in soil
containing 10 ppmNi from Ni sulfate (lowest concentration tested), and N mincralization was afTected
at 100 ppm. Soil respiration was reduced in soil containing 50 ppm Ni from Ni oxide (lowest
concentration tested), and N mineralization was affected at 1000 ppm. Becausc of the test concentrations
used, it is difficult to asscss the relative toxicity of these two forms of Ni to C mincralization, When the
soil pH was raised 10 6.9 (from its normal 5.9), soil respiration was reduced in soil containing 250 ppm
Ni from Ni oxide (lowest concentration (csted), and N mincralization was affected at 1000 ppm, The
effect of Ni from Ni sulfate was not tested at the higher pH. Raising the pH appeared to affect soil
respiration but not N mincralization,

Bhuiva and Cornlicld (1974) assessed the cflects of Ni on C mincralization by native microllora
in a sandy soil, with or without added organic matter, as deseribed for Cu. Aller 12 weeks, soil
respiration was reduced in the Ni-treated soil with or without oat straw, but to a greater degree in the
straw-amended soil,

The influence of soil characteristics on effects of Ni on arvlsulfatase activity was evaluated by Als
Khafaji and Tabatabai (1979) as described previously for Al In only onc soil was the highest
concentration tested, 1468 ppm, found 1o reduce arylsulfntase activity, This soil had the lowest pH and
organic matter content of the four soils tested.

Juma and Tabatabai (1977) used the sysiem described for Al to evaluate the effeet of Ni on soil acid
and alkaline phosphatase activities, Acid phosphatase activity was not affected at 1468 ppm only in the
soil with the highest pH. Alkaline phosphatase activity was reduced in onc of the soils tested by this
samc concentration,

Haanstra and Doclman (1991) investigated short- and long-term cffects of Ni on arvlsulfatase
activity, urease activity (Doclman and Haanstra, 1986), and total phosphatase activity (Doclman and
Haanstra, 1989) by native soil microflora in five soils, as described for Cd. In the G-week study on the
effects of Ni, data from the sandy peat soil were not available for arylsulfatase and phosphatase
activitics. The highest ECs (5659, 6516, and 3380 ppm for arvisullatase, phosphatase, and urease
activities) were found in the soil with the highest clay content, The lowest were 2119, 1109, and 100
ppm, for arvlsulfatasc, phosphatasc, and urcase activities found in the sand. In the 18-month study, data
from the sandy loam soil were not available for arylsulfatase activity nor from clay and sandy peat for
phosphatase activitics. The highest ECys were 8101, 8042, and 2790 ppm Ni for arvisulfatase,
phosphatase, and ureasc activitics in difTerent soils, The lowest LCys, 92, 769, and 370 ppm, were found
in the sand.
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A benchmark of 90 ppm Ni was established based on the 56 reported cffective values, Confidence
in this benchmark is high because of the relatively large amount of data available for a variety of

functional measures,

Selenium, Lighthart ct al, (1977) evaluated the effects of using methods at a singic concentration
on respiration of native soil microflora in soil/litter microcosms, as described for Cd. Sclenium at 484

ppm reduced respiration 43%,

The influcnce of soil characteristics on ¢ffeets of S¢ on arvlsulfatase activity was evaluated by Al-
Khafaji and Tabatabai (1979) as described previously for Al In the soil with the lowest clay content,
activity was reduced by 198 ppm, In the other soils, arylsulfatase activity was reduced by 1975 ppm with
the greatest reduction in the soil with the lowest pH and organic matter content.

Frankenberger and Tabatabai (1981) investigated the cffect of Sc on amidasc activity in three soils
in shaker-{lask assays as described previously, After 2 1/2 hours, amidase activity was reduced in only
onc soil at 1975 ppm. This soil had the lowest pH and organic matter and clay contents of the soils
tested.

Juma and Tabatabai (1977) used the system described for Al to evaluate the eflect of Se(1V) to soil
acid and alkaline phosphatase activitics, Acid phosphatasc activity in all three soils was reduced at 1975
ppm. Alkaline phosphatasc activity in both soils tested was reduced about the same degree at this

concentration,

The efTective concentration of 198 ppm (Al-Khafaji and Tabatabai, 1979) is the lowest of the 10
reported. Confidence in the benchmark of 100 ppm is moderate.

Silver, Bremner and Douglas (1971) evaluated the efTects of Ag on urcase activity in two soils, as
described for Hg, After § hours, silver, added as either nitrate or sulfate salt, decreased urcase activity

by 60 to 65% in both soils.

Liang and Tabatabai (1977) investigated the cffeets of Ag on N mincralization by native soil
microflora in four soils, as deseribed for Cd, Silver ut 540 ppm reduced N mineralization in all soils, The
greatest magnitude of the inhibitory effect was seen in the soil having the lowest pH and orgunic matter

and elay contents.

The influence of soil characiaristics on effcct of Ag on arvisulfatase activity was cvaluated by Al
Khafaji and Tabatabai (1979) as described previously for Al In two soils tested with a lowest
congentration of 270 ppm, arvisullatase activity was greatly reduced. In the two sails tested with a lowest
concentration of 2698 ppm, arylsulfatase activity was almost totally inhibited.

Frankenberger and Tabatbni (1981) investigated the effect of Ag on amidase activity in three soils
in shaker-flask assays as deseribed previously. Aller 2 172 hours, amidase activity was severely reduced
in all three soils at 2698 ppm. The greatest reduction occurred in the soil with the lowest pH and organic

matter and clay contents,

Juma and Tabatabai (1977) used the system described for Al o cvaluate the effect of silver on soil
acid and alkaline phosphatasc activitics, Acid phosphatase activity was affected at 2698 ppm only in the
soil with the highest pH (7.8). Alkalinc phosphatase activity was reduced 28% in the loam soil atan Ag
concentration of 270 ppm and 93% at 2698 ppm in a clay loam soil.
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A benchmark of SO ppm Ag was established based on the 17 reported effective values, Conlidence
in this benchmark is moderate.

Tin. The influence of soil characieristics on effect of Sn on arvisulfatase activity was evaluated by
Al-Khafaji and Tabatabai (1979) as described previously for Al In the soil with the highest pH (7.6),
Sn had no effect. Arylsulfutase activity in the ather three soils was reduced by 2968 ppm Sn, The
reductions were the least severe in the soil having the highest organic C and clay content.

Juma and Tabatabai (1977) used the system described for Al to cvaluate the effect of Sn on soil
acid and alkaline phosphatasc activities, Acid phosphatase activity was affected at 2968 ppm only in the
soil with the lowest pH and organic matter and clay contents, Alkaline phosphatase activity was reduced
in both soils tested by this same concentration,

The cffective concentration of 2068 ppm (Al-Khafnji and Tabatabai, 1979) is the lowest of the
seven reported, Confidence in the benchmark of 2000 ppmi is low because of the limited amount and type
of data available,

Titanium, The influence of soil characteristics on clfect of Ti (as TiSO,) to arvisulfatase activity
was evaluated by Al-Khafaji and Tabatabai (1979) as described previously for Al In two soils tested
with a lowest concentration, arylsulfatase activity was reduced by 1198 ppm, These two soils had the
lowest pH and organic matter and clay contents of the four tested,

The eflective concentration of 1198 ppm (Al-Khalaji and Tabatabai, 1979) is the lowest of the two
reported. Confidence in the benchmark of 1000 ppm is low because of the limited amount and type of
data available,

Tungsten, The influenee of soil characteristics on cffcets of wngsten (W) (Na,WO,) on
arylsulfatase activity was cvalunted by Al-Khafaji and Tabatabai (1979) as described previously for Al
n the soil with the highest clay and erganic matter contents, W had no ¢iTeet. Activity was reduced in
all other soils at 4598 ppm, with the greatest reduction in the soil with the lowest clay content,

Juma and Tabatabai (1977) used the svsicm described for Al to evaluate the effect of tungsten on
soil acid and alkaline phosphatase activities, Acid phosphatase activity in all three soils was reduced at
4598 ppm, In the soil with the lowest pH and organic matter and clay content, it was also inhibited at
460 ppm W. Alkaline phosphatase activity in both soils tested was reduced about the same amount at

this concentration,

The cffective concentration of 460 ppm (Juma and Tabatabai, 1977) is the lowest of the seven
reported. Confidence in the benchmark of 400 ppm is low because of the limited amount and type of data

available.

Vanadium, Tyler (1976) evaluated the effect of V, added in a solution of sodium vanadate (o [resh
needles from a white pine stand, on acid phosphatase activity of the native microfiora. After 3 hours of
exposure, activity was reduced 40% by S0 ppm V, while 30 ppm had no effect

The influence of soil characteristics on ellect of' V on arvlsulfatase activity was cvaluated by Al-
Khafaji and Tabatabai (1979) as described previously for Al In two soils tested with a lowest
concentration of 127 ppm, arylsulfatase activity was reduced with the greatest reduction in the soil with
the lowest clay content, In the two soils tested with a lowest concentration of 1273 ppm, arylsulfatase
activity was severely inhibited,
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Juma and Tabatabai (1977) used the svstem described for Al to evaluate the effect of V on soil acid ‘.'_-3

and alkaline phosphatasc activitics, Acid phosphatase activity in all three soils was reduced about the &b
same degree at 1273 ppm. [n the soil with the lowest pH and organic matter and clay contents, it was also A
inhibited at 127.3 ppm V. Alkaline phosphatase activity in both soils tested was reduced about the same #
degree ot 1273 ppm. In the soil with the highest organic matter and clay contents, it was also inhibited "
at 127.3 ppm V., Ly
-

¢

Lighthart et al, (1977) evaluated the effects of V at a single concentration on respiration of native
soil microflora in soil/litter microcosms, as described for Cd, Vanadium at 23 ppm reduced respiration

21%,
The eflective concentration of 23 ppm (Lighthart ¢t al,, 1977) is the lowest of the 10 reported. oy
Confidence in the benchmark of 20 ppm is moderate, e
"y
Zine, Wilson (1977) cvaluated the effect of Zn, as zine sulfate solution, on nitrification by native -
soil microflora in three soils, The soils runged in pH from 5.1 10 6.2, pereent organic matter from 1.1 o o
2.4, and pereent elay from 2 to 28, Afler 49 davs, nitrification was severely inhibited in all three soils \3
(98 to 100%) by 1000 ppm Zn, while Zn at 100 ppm had no cffect. 4

Haanstra and Doclman (1991) investigated short- and long-term cfTects of Zn on aryisullatase 4
activity, urease activity (Doclman and Haanstra, 1986), and total phosphatase activity (Doelman and ‘-}
Haanstra, 1989) by native soil microflora in five soils, described for Cd. In the G-week study on the S
clTects of Zan, data {rom the sandy peat soil were not available for any of the enzymes, The highest ECys .
were 5559, 3623, and 1780 ppm for arylsulfatase, phosphatasc, and urcase actvities, all in the soil with ]
the greatest content of clay, The lowest EC,,s 0909, 220, and 420 ppm Zn were all found in the sand.

In the 18-month study, data were not available from the sandy peat for phosphatase or the silt loam for
urease, The highest EC,os were 9679, 4872, and 290 ppm Zn in difTerent soils, The lowest ECyqs were
375,170, and 70 ppm in different soils,

Juma and Tabatabai (1977) used the system described for Al to evaluate the toxicity of Zn 1o soil
acid and alkalinc phosphatasc activitics. Acid and alkaline phosphatase activitics were aflected at 1635 Fin
ppm in all three soils to about the same degree, except increased inhibition of alkaline phosphatase &
activity in the soil with the highest pH. f."

Y

The influcnce of soil characicnistics on effects of Zn on arylsulfatase activity was evaluated by Al- '3
Khafaji and Tabatabai (1979) as deseribed previously for Al A reduction in activity was measured in ~
two soils tested at a concentration of 1635 ppm, No clear differences between the soils with regard o ~
influence on cffects of Zn could be discerned, J

Bhuiva and Cornficld (1974) investigated the effects of Zn on N mincralization and nitrilication ¥

by native soil microflora in a sandy soil at different pH levels, as described for Cr, Afler 12 weeks, both
mincralization and nitrification were reduced by 1000 ppm Zn at pH 7, but not at pl4 6. After 6 weeks,
neither mincralization nor nitrification was afTected by Zn at cither pH.

Bhuiya and Comnlicld (1974) investigated the cfTects of 1000 ppm Zn added as Zn oxide to a sandy
soil at threc pH levels on nitrogen mincralization by native soil microflora, Afler 42 days, N
mincralization was reduced in the pH 7.7 soil but not in soils at pH ¢ and 7.
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The eflects of Zn on dehydrogenase activity of the native soil microflora in soil from the Rocky
Mountain Arscnal was assessed by Rogers and Li (1985) as described previously for Cd. A
concentration of 300 ppm Zn reduced dehydrogenase activity by 30%; Zn at 150 ppm had no effect.

Laskowski ct al. (1994) looked at the ¢fTects of several metals at low to moderate levels on the
respiration rate of acid-mixed forest litter, The fresh litter was treated with solutions of CdCl, (up to 250
ppm Cd), PbNO,). (up to 2500 ppm Pb), or ZnCl., Only zinc had an efTect at the concentrations tested.
A concentration of 1000 ppm Zn reduced respiration by 26%: Zn at 200 ppm had no effect.

The cfTect of Cd and Zn on respiration of soil microfiora in field-collected bluck oak forest soil/litter
microcosms was cvaluated by Chaney et al. (1978). The metals, in solutions of chloride salts, were
sprinkled over the litter layer of the chamber, Aller 23 days, Cd at a concentration up to 6 ppm had no
cffect, Respiration was decreased 21% by Zn at 479 ppm; Zn at 47 ppm had no effect.

Bollag and Barabasz (1979) evaluated the effects of Zn on denitrification by three soil-dwelling
Pseudomonas (bacteria) in autoclaved soil and by native sotl microflora, as described for Cd. In the
autoclaved soil, two of the three species hod reductions in activity at 250 ppm Cd, while the organism
most scnsitive to the effects of Cd and Cu was also more sensitive 1o the toxic effects of Zn on
denitrification. Denitrification by the native soil population was reduced 31% by 250 ppm Zn,

Lighthart et al. (1977) evaluated the effeets of Zn at a single concentration on respiration of native
soil microflora in soil/llitter microcosms, as described for Cd. Zine ot 3600 ppm reduced respiration
66%.

Premi and Cornficld (1969, 1969/1970) investigated the effects of Zn added to a sandy loam soil
on nitrogen transformations by native soil microtlora, In a 21-day experiment (1969), nitnification was
severcly inhibited at 100 ppm Zn, added as sulfate salt, the lowest concentration tested. Zine added in
carbonate form was inefTective at 10,000 ppm ¢highest concentration tested), probably because of the
increase in soil pH caused by addition of this form. In the 8-week experiment (1969/1970) with sucrose
and ammonium nitrate added 1o the soil, nitrification was decreased only slightly less at 100 ppm Zn than
itwas in the 21-day study,

The benchmark of 100 ppm Zn is the 10th percentile of the 46 reported effective vatues. Contidence
in this benchmark is high because of the relatively large amount of data available for a varicty of
functional responsc factors,

4.3.2 Organic Chemicals

Acrylonitrile, The cflects of several orgunic compounds on respiration of native soil microflora
in a sandy loam and a silt loam soil were evalualed by Walton ct al, (1989), Both soils were acid (pH 4.9
and 5.3) and low in organic matter (1.4 and 3%) but difTered with respect to amounts of clay (5% vs and
30%). Respiration was measured after G-day exposure (o 1000 ppm of cach chemical. Chemicals tested
at 1000 ppm had no effect and include methy! ethvl ketone, benzene, toluene, p-xylene, chlorobenzene,
¢chloroform, and other chlorinated benzenes, Acrylonitrile reduced respiration by 59% in the sandy loam
soil and 41% in the silt loam. Clay appcared to have an ameliorating influence on the cffects off
acrylonitrile,

The benchmark of 1000 ppm is based on this work, Conlidence in the benchmark is low because
of the limited amount and type of data available,
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Carbon tetrachloride. The effects of 1000 ppm carbon tetrachloride on respiration of native soil
microflora in a sandy loam and a silt loam soil was cvaluated by Walton ct al. (1989) us described for
acrvlonitrile, Carbon tetrachloride reduced respiration by 21% in the sandy loam but did not lower
respiration in the silt loam soil, Clay may have had an ameliorating influenee on the cffects of this

compound.

The benchmark of 1000 ppm is based on this work. Conlidence in the benchmark is low because
of the limited umount and type of data available,

Cis-1,4-dichloro-2-butene, The effects of cis-1,d-dichloro-2-butene on respiration of native soil
microflora in a sandy loam and a silt ioam soil was evaluated by Walton ct al, (1989) us described for
acrylonitrile, Cise},d-dichlore-2-butene reduced respiration by 48% in the sandy loam soil and 44% in
the silt loam by 1000 ppm, Clay did not appear not to have an ameliorating influcnce on the effects of

this compound.

The benchmark of 1000 ppm is bascd on this work. Confidence in the benchmark is low because
of the limited amount and type of data available.

Hexachlorobenzene. The effects of 1000 ppm hexachlorobenzene on respiration of native soti
microflora in a sandv loam and a silt loam soil was cvaluated by Walton et al. (1989) as described for
acrylonitrile. Hexachlorobenzene reduccd respiration by 37% in the silt loam but did not lower
respiration in the sandy loam soil, Clay did not uppear to have an amcliorating cffect on the toxicity of
this compound.

The benchmark of 1000 ppm is based on this work, Confidence in the benchmark is low beciuse
of the limited amount and type of data available,

Nitrobenzene. The clfects of 1000 ppm nitrobenzgne on respiration of native soil microflora in a
sandy loum and a silt loam soil was cvaluated by Walton ct al, (1989) as described for acrylonitrile.
Nitrobenzene reduced respiration by 61% in the sandy loam soil und by 22% in the silt loum, Clay
appears to have an ameliorating influcnce on the efleet of nitrobenzene,

The benchmark of 1000 ppm is bascd on this work, Confidence in the benchmark is low because
of the limited amount and type of data available.

Pentuchlorophenol, van Beclen and Fleuren-Kemila (1993) evaluated the effect of
pentachlorophenol (PCP) on mincralization of added acctate by native soil microflora in an acid
agricultural soil and an acid dunc sand. Afler 1.8 days, CO, evolved was reduced S0% (EC,,) by 460
ppm in the agricultural soil (pereent organic matter, 10.4; pereent clay, 5) and by 1500 ppm in the dune
sand (percent organic matter, 1.2; percent clay, 0.4),

The benchmark of 400 ppm for PCP is based on this work, Confidence in the benchmark is low
because of the limited amount and type of data available,

Phenol. Effcets of phenol on carbon and nitrogen mincralization and nitrogen transformations in
alfalla-amended, sicved soil were determined by Suter and Sharples (1984), The silt loam soil had a pH
of' 4.7, Carbon dioxide production was increased at 10 ppm and 100 ppm on days | and 7 butnoton
later dates or at higher concentrations, CO, production was decreased at 1000 ppm phenol on day 1, but
not thereafler, and at 5000 ppm phenol on days | through 55, On al! dates (days 7 through 42), ammonia
concentrations were significantly increased and nitrate significantly decreased by 1000 and 5000 ppm
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phenol, At 10 and 100 ppm on day 7 and at 100 ppm on day 42, but not on intermediate dates, ammenia
was significantly increased and nitrate decreased, If the lowest chronic response is used as the basis for
the benchmark, the threshold for significant effects in this test is 100 ppm phenol.

The benchmark of 100 ppm is based on this work, Confidence in the benchmark is Jow because off
the limited amount and tvpe of data available.

Trans-1d-dichloro-2-butene, The cfTeets of 1000 ppm trans- 1 d-dichloro-2-butenc on respiration
of native soil microflora in a sandy loam and a silt loam soil was evaluated by Walton et al. (1989) as
described for acrvlonitrile, Trans- 1 d-dichloro-2-butene reduced respiration by 44%, in the sandy loam

soil and 58% in the silt loam. Clay did not appear not to have an ameliorating influence on the cffect of

this compound,

The benchmark of 1000 ppm is based on this work, Confidence in the benchmark is low because
ol the limited amount and type of data available,
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5. INVERTEBRATES OTHER THAN EARTHWORMS
AND MICROBIAL HETEROTROPHS

51 INTRODUCTION

Interest in the toxic effects of soil pollutants on soil and litter dwelling invertcbrates other than
carthworms and microorganisms stems {rom concern for negative cffects on nutrient ¢ycling and
availability and quality of food for animals fecding on soil and litter dwelling invertebrates. In general,
the most important routc for assimilation of metals by soil invericbrates is through the digestive tract
(Becby, 1991). Assimilation of toxic metals depends on dict and the animal's essential metal demand,
In general, invertebrates with a high calcium demand tend to accumulate higher concentrations of toxic
metals, The metals are ofien bound in intracellular granules, structural tissues, and membrancebound
vesicles. There is no clear relationship between the bioconcentration potential of a specics and its
susceplibility to metal intoxication (van Straalen, 1991).

Toxic effects of metals on invertebrates result in part rom their interactions with nutritionally
significant metals. van Straalen ct al. (1989) suggest that the negative impact of cadmium on mite
(Platynothrus peltifer) cgg production results from disruption of the role of zinc in reproductive
metabolism, Cadmium also blocks the caleium current of Helix ncurons (Akaike ct al., 1978), possibly
leading to tissuc damage and reduced reproduction (Russell et al., 1981), The interrclationships between
metals, both cssential and nonessential, appear to be quite complex and variable among specics of
invertcbrates, Other effects may result from the binding of metals 1o proieins and cnzymes with

conscquent functional disruption.

5.2 INVERTEBRATE DATA SELECTION

The experimental approaches e too diverse and the data too meager (o allow for the establishment
of benchmarks for the toxicity of contaminants in soil to soil-dwelling invertebrates other than
carthworms, Most experiments evaluating the ¢ffects on nematodes are conducted in solution because
these organisms inhabit the water films around soil particles and roots, The cxperiments using
Collembola and mites arc ofien conducted by feeding the organisms on algac that were reared on
contaminated medin, Perhaps the most common method for other organisms is to surfuce apply a
solution, or soluble powder, of the chemical to the organie substrate on which it is o {ced duning the
experiment, At most contaminated sites, concentrations of chemicals in soil are measured while
concentrations in soil algac, litter, and pore water are nol. Surface-applied chemicals are only appropnate
when cvaluating sites where deposition of air-borne contaminants onto vegetation and litter is the only
routc by which these food sources become contaminated. The bioavailability of chemicals introduced to
food by these methods is not directly comparable to that of chemicals bound in organic form inside plant
matcrial or microflora, Furthermore, it would be difficult to assess the food preferences of these diverse
and opportunistic organisms in any specific field sitwation (Hopkin, 1989) to allow uppropriate sampling
and analysis.

For the previously described reasons, no benchmarks have been established for these organisms.
The information in this part of the document is provided as reference and support material,
Experimental data are given in Appendix C,




5.3 INVERTEBRATE TEST SPECIES

The literature on toxicity of chemicals 1o soil and litter-dwelling invertebrates presents experimental
results using microarthropods, macroarthropods, nematodes, and terrestrial gastropods and crustaceans,
These organisms represent diverse morphological, physiological, and behavioral groups, The following
general information is derived mainly from works cdited by Dindal (1990) and Dickinson and Pugh

(1974).

Collembola (springtails) are small, wingless microarthropods that live mainly in the sot! litter laver.
With the mitcs, springtails make up the majority of the soil litter arthropod launa, Most soil forms live
on partially decomposed vegetauon or microflora, especially fungi, The importance of Collembola to soil
organic matter breakdown and nutrient cycling results from the comminution of organic matter
fragments, leeding on humus and feces in the litter, and on decaying roots, Collembola commonly used
as test specics are Folsomia candida, Onychiurus armatus, and Orchesclla cincta. Folsomia candida
is considered well-suited for the study of clTects of contaminants on population parameters because it
is casy to culture and has o relatively short generation time. This allows the study of individual and

population parameters in the same experiment (Crommentuijn et al,, 1993).

The Acarina (mites) arc a diverse group ol arthropods in the suborders Prostigmata, Mesostigmata,
Astigmana, and Oribanda, Each suborder contains representatives Living in a wide range of habitats, In
the soil and litter, mites mayv be detritivores cating dead plant material, predatory, or
{ungivores/algivores. Oribatid mites arc found in large numbcrs in organic horizons of soils, They are
represented in toxicity tests by Plarynothrus peliifer, Like the springtails, mites act o increasc the rate
of orgunic matter decomposition by reducing the size of organic matter fragments and feeding on

microflora involved in decomposition, Mites, especially ortbatids, are considered suitabie for the study
of elfects of contuminants on population parumeters because they are casy to culture and have a
relatively short gencration Ume (1 per vear), although it is longer than that of the Collembola (2 per
year).

Terrestrial crustaceans are represented in the toxicity literature by woodlice, also known as pill bugs
(Isopoda, Porcellio scaber and Omiscuy asellus), They are common in deciduous woodland, living in
the liver layer and on decaving wood. Woodlice are omnivorous, fecding mainly on dead and decaying
plants, They increase organic matter decomposition by comminuting the fragments and feeding on
microflora involved in primary decomposition, As leaf litter feeders, isopods are considered good
candidates for standard organisms in ecotoxicological testing (van Wensem, 1989). Porcellio scaber
is common in many countrics and is casy o maintain in the laboratory,

The snail Helix aspersa and the slug Arion arer represent terrestrinl gastropods, They are
generalized feeders (living and dead plant materials) inhabiting the soil surface, the litter laver, and
standing vegetation, Their use in ccotoxicological testing stems fror their polential importance for
accumulation of contaminants in the food chain (Russel] et al,, 1981)

Nematodes (roundworms) are significantly different from other soil and litter-dwelling organisms
discussed herein because they require a continuous water film for survival, They feed on a wide variety
of foods although some are specialized parasites. The efTects of chemicals on fungivores, bactivores,
herbivores, and omnivores/predators have been evaluated, Cacnorhabdins elegans used in experiments
is a widespread [rec-living, soil-dwelling nematode. Nematodes have been used in ceotoxicological work
for a number of reasons, They are abundant, casily retricved from soil, and reared in the laboratory,
Nematodes live in the interstitial water of the soil so experiments can be conducted in water. They may
be cxposed to higher concentrations of contaminants by this route than carthworms and other
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invertebrates not constantly in contact with the soil solution. Uptake of chemicals is mainly through the
cuticle, and difTerences in cuticle permeability are thought to be the primary source of variability in
responsc of various nematodes to toxic chemicals (Kammenga et al,, 1994),

5.4 OTHER INVERTEBRATES LITERATURE REVIEW

Cadmium, Kammenga ct al. (1994) compared the acute toxicity of Cd (CdCl,) to scven terrestrial
nematode specics belonging to different taxonomic and ccological groups. The nematodes were extracted
from the surface horizon of an arable soil and a forest Noor and identificd and selected on the basis of
different trophic levels: Rhabditis specics and Diplogasteritus specics, Cephalobus persegnis,
Acrobelotdes buctschlu, and Cacnorhabditis elegans, bacteria feeders; Aphelenchuy avenae, fungus
feeder; and ZTylenchus elegans, plant feeder, Solutions were mixed to mimic the mincral concentrations
of soil solution in a sandy forest surface soil plus Cd at difTerznt concentrations, LC,, values were
determined afler 72 hours, The nematodes 7. clegans and A, avenae had LC,, values of greater than 90
ppm after 96 hours (lcrmination of experiment); that is, they were essentially unaffected by the
experimental treatment. Among the bacteriat feeders the LC,, ranged (rom approximately 3 to 60 ppm
Cd afler 72 hours.

The nematode C. elegans was used by van Kessel et al. (1989) to test the efTects of Cd (as CdCl.)
on growth (length) and reproduction (number of juveniles per adult) of this soil-dwelling group. Juvenile
(J-1) nematodes were cultured for 168 hours in microtiter plates containing solutions with difTerent levels
of Cd. Reproduction, the more scnsitive parameter, was reduced 36% by 3.6 ppm,

The influcnee of Cd (s CdCly) on life-history characteristics of e collembolan Folsomia candida
was investigated by Crommentuijn et al, (1993). Onc-weck old animals were placed on QECD antificial
soil (containing, in percent dry weighy, 10 sphagnum peat, 20 kaolin clay, 70 quanz sand; pH 6)
containing a serics of conccntrations of Cd and fed baker's veast, Number and weight o!’ adults and
number of offspring were determined, A soil concentration (HMCI+HNO, extractable) of 326 ppm Cd
reduced the number of ofTspring produced by 21% after 42 days. Weight of the individual animals was
not affccted at this concentration,

Representatives of Collembola and mites were used by van Straalen et al, (1989) to ussess the effect
of Cd in dicts of soil microarthropods on population growth rates. Three-day old Orchesella cincta
(Collembola) were fed green algae containing Cd (CdSO,). A concentration of 15 ppm Cd caused an
approximate 56% rcduction in calculated population growth rate afler 61 days, while 4.7 ppm had no
cffect. Adult mites (P, pelnfer) fed the same dict for 84 days experienced u 23% reduction in population
growth rate at a concentration of 9 ppm Cd, while 3 ppm had no efTeel,

Hopkin and Hames (1994) investigated the cffects of Cd (as CANO;) in food on survival and
reproduction of the terrestrial isopod Porcellio scaber, Leaves of ficld maple (Acer campestre) were
sprayed with solutions containing Cd and placed in plastic containers with juvenile woodlice. Afler 360
days, the number of surviving isopods and the number of juveniles were determined. The number of
Juveniles produced was decrcased 47% by 10 ppm Cd (lowest concentration tested) while 50 ppm was
required to reduce total survival,

The cflects of Cd on individual weight, new shell growth, and reproductive behavior of the snail
Helix aspersa was evaluated by Russell et al, (1981), The dict fed to the sub-adult (d=month- old) snails
for 30 duys was ground Purina Lab Chow (for rals, mice, and hamsters) with Cd (as CdCl,) added. Snails
were raised in plastic containers with sand bottoms, Reproductive activity, as measured by the number
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of individuals mating or with spermatophores in place, was reduced 28% by 25 ppm Cd while 10 ppm
had no effect, New shell growth and weight were not affected at this concentration,

The experimental approaches described in the previous paragraphs arc too diverse o allow
comparison of results, as discussed in the Introduction, There is agreement between the two studics on
the effects of Cd on nematedes in that approximately 3 ppm in solution is detrimental to the organisms,
This number may be useful when soil solution concentration values for Cd are available.

The one study conducted in soil viclded a toxic concentration of 326 ppm, which is higher than the
carthworm and microbe benchmarks for soil (Tables | and 2).

Copper. The acute toxicity of Cu to the nematode €. elegany in four soils and in solution was
cvaluated by Donkin and Dusenbery (1993). The soils included two silt loams, a loam, and a clay loam.
Adult nematodes were placed in the soil with Cu added as CuCly and native soil organic matter as food.
Afler 24 hours, surviving animals were counted, and an LC,, concentration calculated, Toxicity was also
tested in solutions containing Cu. A concentration of 105 ppm Cu in solution caused 50% mortality
while at Icast 400 ppm (sandy loam soil) was required in soil. The highest LC,, (1061 ppm) was
associated with the highest percentage organic matter in the loam soil,

Parmalee et al, (1993) used a soil microcosm 1o test the ¢fTects of Cu on survival of nematodes and
microarthropods fceding on native soil organic matter. Cu was added as CuSQ, to the A korizon of an
acid sandy forest soil where native soil nematode and microarthropod populations were exposed for 7
days, There was an average reduction of approximately 70% in number of individuals of most catcpories
of nematodes (fungivores, bactivores, herbivores, hatchlings) at 400 ppm total Cu, while 185 ppm had
no effect. The number of individuals of the omnivores/predators category was reduced 85% by the lowest
concentration of Cu tested, 72 ppm, Total microarthropod numbers were reduced about $0% by 400
ppm, The oribatid and Mesostigmata mites appearcd 1o be more sensitive, and the Collembola
population was too small to evaluate.

Streit (1984) exposed microarthropod communitics for six wecks to copper sulfate in 27-L
microcosms containing a locss-derived brown carth soil with local gley horizons from a forest site in
northern Switzerland, From 40 to 150 ppm Cu, no significant effects on the mite community were
observed, At 200 ppm, a reduction in juvenile mites was obscrved. The cffect was primanly duc 1o a
decrease in the specics Platynothruy peltifer, The authors coneluded that 200 ppm did not conclusively
cause ndverse cffects at the community level, since only onc of seven specics was affecied. The mites
were Iess sensitive than carthworms to the copper concentrations in sail,

Korthals ¢t al, (1996) investigated the effects of copper on the nematode community in an
agroccosystem in the Wetherlands after 10 years of exposure, The mean total number of nematodes was
reduced at least 20% in soil containing 100 ppm of Cu (pH adjusted (o 4.0), 104 ppm of Cu (pH adjusted
10 4.7), and 160 ppm of Cu (pH adjusted 1o 5.4), The abundance of different species and trophic groups
was more sensitive a parameter than the total number of nematodes, Copper was extracted {rom the top
10 cm of soil with 0,43 M nitric acid; thus, total concentrations of the metal may be higher than those
reported,

Hopkin and Hames (1994) investigated the effects of Cu (as CuNO,) in food on survival and
reproduction of the terrestrial isopod Porcellio scaber, The experimental design used by the authors is
deseribed in the discussion of the eiTects of Cd on this animal, Afler 360 days, the number of surviving
isopods and the number of juveniles were determined, The number of juveniles produced was decreased
$3% by S0 ppm Cu while 100 ppm of Cu was required lo reduce tolal survival,

it B

2t

AR &

e Tl

3

e s es -
R AT A

.'j 5

Py ..
] S

-

{

2Ty




5.5

The slug, Arion ater, was uscd as the test organism by Marigomez ¢t al, (1986) to determinc the
cfTects of several poliutants on terrestrial mollusks, Slugs cotlected from the field were reared in plastic
boxes and fed a dict of n pulverized mixture of letwuce, apple, carrot, and pumpkin mixed with CuSO,,
Afler 27 days on this dict, the animals experienced a 55% decrease in growth at 1000 ppm Cu, while 300

ppm had no effect,

The studies of Donkin and Duscnbery (1993) and Parmalee et al, (1993) taken together show a
higher concentration in soil than in solution is required to affect the survival of nematodes. Diflerences
among groups of nematodes in sensitivity to Cu is shown by Parmalee ct al, (1993). The application of
soluble form of Cu to food material by Hopkin and Hames (1994) and Marigomez ct al. (1986) show
very distinct sensitivitics of woodlice and slugs to Cu.

The lowest toxic concentration reporicd in these two studies (72 ppm Cu) is higher than the
benchmarks for carthworms (50 ppm) and microbes (30 ppm).

Iron. The cflect of iron on the Collembola Orcheselia cincra was investigated by Nottrot et al,
(1987). The springtails were grown in plastic dishes and fed green algae (Plenrococcus spp.) containing
various concentrations of Fe for 21 days. Percent growth, fecding activity, and molting were detcrmincd.
Growth of the springtails was reduced 42% by a dict of 7533 ppm, while 3515 ppm had no efTect,

Lead. Bengtsson ctal, (1983) evaluated the effeets of lead, in the fungus Verticitlium bulbillosum,
on growth rate of a fungus-feeding collembeolan, O. armatus. Adult springtails were fed the fungus for
125 davs and their lengths were recorded for calculation of growth rate, Lead at 3089 ppm in the fungus
caused a 25% reduction in Q. armatuy growth rate, fungus.

Hopkin and Hames (1994) investigated the effects of Pb (as PbNO,) in food on survival and
reproduction of the terrestrinl isopod Porcellio scaber, The experimental design used by the authors is
descnibed in the discussion of the efTects of Cd on this animal, After 360 days, the number of surviving
isopods and the number of juveniles were determined. Survival and the number of juveniles produced
were decrcased 1007 by 2000 ppm Pb while 1000 ppm had no cfTect,

Beyer and Anderson (1985) also used Porcellio scaber in experiments 1o determine the effect of
Pb, added as PbO to ground deciduous Icafl'litter, on several population parameters, The woodlice were
reared in plastic containers and fed this dict for 448 days, During this time, the following were measured:
lifespan of generation 1, maximum number of individuals in generation 2, and survival of gencration 2,
These parameters were decreased 27, 68, and 84%, respectively, by 12,800 ppm Pb in the dict, while
6400 ppm had no efTect,

The stug, Arton ater, was used as the test organism by Marigomez ct al, (1986) to determine the
cffect of lead on terrestrial mollusks. Field collected slugs were reared in plastic boxes and fed a dictof
a pulverized mixture of lettuce, apple, carrot, and pumpkin mixed with PLNO,. Afier 27 days on this
dict, the animals experienced a 51% decrease in growth at 1000 ppm Pb, while 300 ppm had no cffect.

The studics indicate a high tolcrance to Pb in the diets of the tested woodlouse, springtail, and slug
specics. The discrepancy between the Hopkin and Hames (1994) and Bever and Anderson (1985) levels
of Pb required to affect the woodlouse may be duc to differences in bioavailability of the added Pb

compounds,

Mercury. The slug, Arion arer, was used as the test organism by Marigomez ¢t al. (1986) to
determine the effeet of mercury (as HgCly) on terrestrial mollusks, as described for Pb. Afler 27 davs
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on this dict, the animals experienced a 26% deerease in growth at 1000 ppm Hg, while Hg at 300 ppm
had no effect.

Zinc, Hopkin and Hames {1994) investigated the effects of Zn (as ZnNQ,) in food on survival and
reproduction of the terrestrial isopod Porcellio seaber. The experimental design used by the authors is
described in the discussion of the cfTects of Cd on this animal. After 360 days, the number of surviving
isopods and number of juveniles were determined, Survival and number of juveniles produced were
decreased 100% by 1000 ppm Zn while 500 ppm had no cfTect.

Smit and van Gestel (1996) investigated the toxicity of zinc chloride to the springtail Folsomia
candida in two soils and compared the results to results from contaminated soils near a zinc smelter.
ECS50s for the eflect of zinc on the population size of springtails were 185 and 348 ppm for the two soils
afler 4 weeks of exposure and 210 and 363 ppm for the soils after 6 weeks of exposure. The ECS0 for
growth in onc of the soils (pH corrected from 3.46 10 6,0 with CaCO,, 3% organic matter, 1.38% clay)
was 462 ppm, and an EC50 for growth could not be calculated for the other soil. In the ficld soil, no
relationship was obscrved between zine concentrations and cither growth or reproduction.

Zine (ns Zn0O) was added to litter from the O2 laver under woodlands to evaluate the effects of that
metal on Porcellio scaber (Bever et al, 1983), Adult animals kept in plastic boxes were fed this dict for
56 days before survival was determined. The only concentration tested, 5000 ppm, caused a 26%
decrease in survival,

Bever and Anderson (1985) also used Poreellio scaber in experiments to determine the cflect of
Zn, added ZnO to ground deciduous leaf litter, on several population parameters, The woodlice were
rearcd in plastic containers and fed this dict for 448 davs, During this time the following were measured:
lifespan of generation |, maximum number of individuals in generation 2, and survival of generation 2,
The maximum number of individuals in generation 2 and the survival rate for generation 2 were
decreased 22 and 27% by 1600 ppm Zn in the dict, while 800 ppm had no effect,

The slug, Aron ater, was used as the test organism by Marigomez ¢t al, (1986) to determine the
cfTect of Zn (as ZnCl,) on terrestrial mollusks, as described previously. Afler 27 days on this dict the
animals experienced a 38% decrease in growth at 10 ppm Zn, the lowest concentration tested.

The experiments evaluating the toxicity of Zn Lo the woodlouse Porcellio scaber show a high
tolcrance to the metal when it is added to the food in soluble form. The work with Arion arer
(Marigomez ct al., 1986) indicates that this organism is more sensitive than P, scaber to Zn, On the
other hand, growth of individual woodlice was not cvaluated and may be more sensitive than survival
and reproduction,

Benzo(u)pyrene (BaP). The woodlouse P, scaber was chosen by van Straalen and Verweij (1991)
to determine the effects of this PAH on the soil invertebrate community, Polynuglear aromatic
hydrocarbons arc strongly sorbed onto soil organic matter which scrves as the main food for many of
these organisms. Adult woodlice were reared in plastic boxes for 28 days and fed ground poplar leal’
litter mixed with benzo(a)pyrene. Growth cfliciency was determincd as dry weight increase divided by
net food consumption (consumption minus defccation). Respiration, food consumption, and food
assimilation were also measured, Growth efficiency of the males of the group was reduced 82% by 125
ppm BaP in the food, while 25 ppm had no effect. Growth cfficicncy of the females, respiration, food
consumption, and food assimilation were not afTected.
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Two isopods, Porcellio scaber and Oniscus asellus, were used by van Brummelen and Stuij{zand
(1993) to determine the effeets of BaP on litter laver-dwelling soil invertebrates. Weight and length
changes and energy reserves were measured in individuals reared in plastic boxes and fed a combination
of ground poplar leaves and ground dog food spiked with BaP for 63 davs, Dry weight of . scaber was
reduced 30% with a diet containing 100 ppm BaP, while 32 ppm had no effect. Length and encrgy
reserves (lipids+glycogen+prolein) were not affected. Dry weight and length of O. asellus were reduced
58 and 48% with a dict containing 316 ppm BuP, while 100 ppm had no effect. Encrgy reserves were

not affected,

These experiments with woodlice indicate that growth may be affected by BaP at concentrations
of about 100 ppm applicd to food,

p-nitrophenol (PNP), Parmalee et al, (1993) tosted the efTects of PNP on survival of nematodes
and microarthropods in soil microcosms, ns described for Cu, There was an average reduction of
approximatcly $5% in number of individuals of most categorics of nematodes (fungivores, herbivores,
herbivores/predators, and hatchlings) at 40 ppm total PNP, while 20 ppm had no effect. The number of
individuals of the bacterivore category was reduced 40% by the lowest concentration of PNP tested, 20
ppm. Total microarthropod numbers were reduced about 35% by 176 ppm, mainly as the result of
reductions in oribatids, P-nitrophenol up to 176 ppm had no cffect on numbers of Mesostigmata or

unclassificd microarthropods, and there were no Collembola were present.

Pentachlorophenol, Kammenga et al, (1994) compared the acute toxicity of PCP in solution
culture to seven terrestrial nematode species belonging to different taxonomic and ccological groups. The
nematodes and experimental design are the same as described previously for Cd. Aphaclenchus avenae,
Cacnorhabdinis elegans, and Acrobelotdes beutschint had LC,, values greater than 9 ppm after 96 hours
(that is, experimenial ¢oncentrations killed fewer than half of the nematodes). LC,, values for the
remaining nematodes ranged from approximately 1 1o 7 ppm PCP.

Trinitrotoluene (T'NT). Parmalec ¢t al. (1993) used a soil microcosm o test the effects of TNT
on survival of nematodes and microarthropods in soil microcosms, as described previously for Cu,
Trinitrotoluene additions up to 200 ppm had no effect on numbers of nematodes. Total microarthropod
numbers were reduced about 8% by 200 ppm, while 100 ppm bad no effect. Trinitrotoluenc up to 200
ppm had no efTect on numbers of Mesostigmata, Collembola, or unclassified microarthropods.
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6. RELATIONSHIP BETWEEN SOIL TOXICITY BENCHMARKS
AND OTHER ECOTOXICOLOGICAL CRITERIA

6.1 COMPARISON OF TOXICITY BENCHMARKS FOR CONTAMINANTS [N SOIL TO
CANADIAN ENVIRONMENTAL QUALITY CRITERIA FOR CONTAMINATED SITES

The Canadian Council of Ministers of the Environment has developed Environmental Quality
Criteria for contaminated sites, These are “numerical limits for contaminants in soil and water intended
to maintain, improve, or prolect environmental quality and human health at contaminated sites in
general" (CCME, 1991), Remediation criteria arc presenied for comparison to the toxicity benchmarks
presented herein because they represent levels considered generally protective of human health and the
environment for specified uses of soil {in this case the most conservative usc-=which is agriculture—=has
been chosen) without taking into account sitc-specific conditions. If contaminant coneentritions exceed
the remediation criteria for o current or future land use, further investigation or remediation is needed.
Thesc criteria have an interim status, and final criteria will be included in future revisions of this
document, They have been adopted rom several Canadian jurisdictions and many lack supporting
rationale (CCME, 1991), The remediation criteria are not strictly comparable to the toxicity benchmarks
developed herein because they also take into account human health and, presumably, plants and the entire
food web dependent upon the soil, A compirison of the toxicity benchmarks presented in this report with
the CCME Remediation Criteria is given in Table 3.

For 7 of 18 chemicals, onc or both of the soil toxicity benchmarks derived by the method used in
this report is lower than the CCME eriterion, There is no indication in the source publication as to the
level of protection being afforded by the CCME Remediation Criteria, However, because human health
is considered in the conservative agriculture land-usc scenario, one woulid expeet it to be high. This level
of protection is scen in the erganic chemicals which are known 1o be tonic to mammals at relatively low

levels,

6.2 COMPARISON OF TOXICITY BENCHMARKS FOR CONTAMINANTS IN SOIL TO
RIVM (NETHERLANDS) ECOTOXICOLOGICAL INTERVENTION VALUES FOR
CONTAMINANTS IN SOILS

The Dutch National Institute of Public Mealth and Environmenta! Protection (RIVM) developed
Ecotoxicological Intervention Values (EIVs) that represent concentrations of contuminants in soil
causing 0% of the specics potentially present in an ccosystem to experience adverse effects (van den
Berg etal,, 1993), The EIVs take into account plants, soil fauna, and microorganisms. The method for
deriving the ElVs is described by Denneman and van Gestel in severnl RIVM publications in Dutch, To
take the influence of soil characteristics on the bioavailability of compounds, data were adjusted for
orgunic matter and clay content as described by van den Berg ot al, (1993). Risks resulting from
biomagnification were included.

Although these EIVs are based on purcly "ecological” endpoints, they take into account many more
types of organisms than the authors' carthworm and microbe toxicity benchmarks, For
metals, benchmarks presented herein are more conservative than the RIVM ElVs in abou? half of the
cases, For organic chemicals, most of benchmarks presented herein for carthworms are in fairly good
agreement with the RIVM values, Differences here may stem from the RIVM report of values for
undefined compounds of particular classes rather than for particular compounds.
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Table 3. Comparison of screening benchmark concentrations for the toaicity to earthworms and soil microbes of ckemicals in s0il to CCME remediation
criteria (RC}, RIVM ecotorbeological intervention vaiues (EIV's), arithmetic meaas of elements in uncontaminated soils
of the Oak Ridge Reservation (ORR), and geometric means of elements in soils and surficial materials of the easfern United Stafes
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7. COMPARISON OF TOXICITY BENCHMARKS FCR
CONTAMINANTS IN SOIL TO CONCENTRATIONS
OF CHEMICALS IN UNPOLLUTED SOILS

7.1 COMPARISON TO USGS ELEMENT CONCENTRATIONS IN SOILS AND OTHER
SURFICIAL MATERIALS OF THE EASTERN UNITED STATES

To place the four sets of critical values into a broader perspective, soil chemical concentrations arc
presented herein as reported by the United States Geological Survey (USGS) in a survey of soils of the
castern United States (Shacklette and Boerngen, 1984) (Table 3). These samples were collected and
analvzed by the USGS to represent, as closcly as possible, soils that supported native plants und which
were altered very little from their natural condition,

It is intercsting to compare the levels of clements cited in the literature as toxic against
concentrations of the same clements found in natural (i.c., not known to be polluted) sotls, This
comparison is reasonable in most cascs because benchmarks generally were based on nominal soil
concentrations (i.¢., those ndded to the soil by the experimenter) as opposed to a measure of cither total
concentration or of the bioavailable quantity of the clement in the soil. Scldom was the background level
of the "contaminant” clement in the soil measured, the assumption being that very little of the clement
existed naturally in the soil compared to treatment levels added, This is oflen, bul nol always, a
reasonable assumption, The USGS compilation contains concentrations of clements derived mainly from
stronp-acid extractions, although in the casc of uranium, neutron activation was uscd to measure 3 truc
total concentration, Values for the custern United States were used because surficial deposits of the
western United States, especially in arid and mountainous regions, may contain unusually high
concentrations of naturally-occurring trace clements.

For scveral of the metals, our toxicity benchmarks were below (Al Cr, F, Fe, Mn, Ti, and V) or
about cqual to (Li) the geometric mean for the ¢lement in soils and surficial deposits in the eastern
United States, The large difference between the USGS soil Fe and Al values and the low microbial
benchmark based on a quantity of Fe or Al added to soil is likely duc to the strong extractant used in the
USGS study, The form of the clement added or some other aspect of the experimental design may
account for other low benchmark concentrations as compared to mean levels in soils,

7.2 COMPARISON TO DOE OAK RIDGE RESERVATION BACKGROUND SOIL
CHARACTERIZATION ELEMENT CONCENTRATIONS IN SOILS

The Background Seil Characterization Project (BSCP) at the ORR was cstablished to determine
the background concentrations of organics, metals, and radionuclides in natural soils that are important
to cnvironmental restoration projects (Watkins ct al., 1993), Soils werc sampled, ficld classified, and
analyzed for chemicals using several methods. The data presented in Table 3 show the arithmetic means
ol clements from 46 sampling sites. The clements were extracted from the soil samples using nitric acid
and hydrogen peroxide (EPA, 1986). This standard EPA acid digestion for scdiments, sludges, and soils
is not explicitly meant 1o extract total clements from o sample, A comparison with total soil
concentrations of clements measured by neutron activation analysis (NAA) shows that for many clements
(c.g.. Sb, As, Cr, Co, Mn, Si, V, Zn) the KNO,-H.0, cxtraction method was adequate for most of the
clements in question (Watkins ct al,, 1993), Unfortunatcly, not all clements arc amenable to
mcasurement by NAA,
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A large discrepancy was found between the BSCP soil Fe and Al values and the low soil toxicity
benchmarks, based on a quantity of Fe or Al added 10 soil. At lcast one of our benchmurks is lower than
background soil concentrations in the ¢asc of Cr, Mn, and V, and about cqual for Li and Hg. The form
of the clement added or some other aspect of the experimental design may account for these differences,
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8.1

8. RECOMMENDATIONS AND CONCLUSIONS

The values presented in Tables 1 and 2 are intended for use in contaminant sereening during the
hazard identification (problem formulation) phasc of ccological risk assessments, Chemicals with soil
concentrations that exceed both the toxicity benchmarks for soil and the background soil concentration
for the soil type are contaminants of potential concern, Background soil concentrations have been derived
for the ORR and should be gencrated for other Comprehensive Environmental Response, Compensation

and Liability Act (CERCLA) sttes as well,

For baseline ceological risk asscssments, and other asscssments that may lead to regulatory actions,
asscssors should consult the primary sources of toxicity data and then determine the applicability of the
data to their specific sites. In addition, assessments should not rely on laboratory toxicity data only.
Where toxicity to soil inverticbrates is suspected, toxicity tests should be performed with the
contaminated soil. In addition, the abundance of carthworms in the soil of a particular site, determined
during collection of carthworms for chemical analysis, may provide a rough indication ol' the likelihood
of soil toxicity,
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APPENDIX A
TOXICITY DATA FOR EARTHWORMS




Table A1 Texiity data for earthworms

Cherrical concentrations are mg of clement kg of growth madium

*.0C - 4 orgaric carbon

*a e - e decrease in measured parameter at LOEC a5 comparad 1o confrols.

OECD sal (%5 dry weight). shagnura peat. 10, kaolin dlay, 20, fine ssnd, 69, C2CO3, 1 pHH 60

Chemicalf Form Earthwortn Gronth FH %0C Eip Respense NOEC LOEC e Reference
Species Madium (D) Parameter APPL APPL Dec
As KHIALOY Eiscria fctids soil & manure 36 cocoonsWorm 6SLCY 56 Fixhak
Koszorus.
1992,
i . >
Cd Cds0o, Aporreciodea Foyptian 705 108 56 cocoon production o 25 Khahlct DA
caliginosa 3. 1996
Cd C4C12 Fiscriaandra OECH sl 6 5 21 cocoonswoimjuve 10 18 2322 yan
nilesWerm Gostel, et
sl 1992
Cd CAHSCI0Y Fiscra fetrda hotse manere %6  cocoon praduction 251CT 52 Malxliet
al 1982,
Cc3 coq2 Eiscria andra OECD scxd 6 5 81  scanldavedopmerd 27 50  sanGestd
EC50 etal
19912
cd CiC12 Fiseris andrel O (sl 6 5 84  grouth 10 Ly 40 van Gesid
ctal
9912
cd CaNO32 Fiseria fetida OECD sxl 6 56 covoon production 453 5)  Spurgeon
EC50 ctal
1994
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Takle A.1 (continued)
Chemical / Form Earthwoim Growth pH  %.0C Exip Response NOEC LOEC Ye Reference
Species Medium (D) Paramneter APPL APPL Dec

Cu CuC12 Apporeciodea sandy loam 5 25 cocoon praduction 63 50 DMa 1988,

caliginesy

Cu Dendrobacrarubida sl & dung 5 57 120 cocoons™wormhaie 100LCT 706¢ Benglsson

hlings’ ctal
coceon 1986,

Cu CuCi2 Eiscaaandra OECD sl & 5 81 growth 32 100 32 vanGeuted
ctal
1951a.

Cu Cu-sulfy‘e Aponieciodea Egyplian 705 108 56 cocoon producton 50 100 36 Khat] ot

caliginnsa al. 1996
Cu Alolobophnea polkder seil 60 coceon prodxcton 1IMCT 27  vanRkce
caliginmsa 1975. >
total hatcHlings 7 @

Cu CuCi2 Lumbricus nutxilus sandy Joam 5 25 cocoon production 122 50  Ma §S83.

Cu CuCi2 Lunbricus rubcilus foamy sand 5 29 42 cocoon production 5% 131 42 Ma 1984

Cu CuSOY  Lumbeicusrsbelus  boamy sand 5 29 18 cocoon prodiction 83 113 %6 M 1934,

Cu CuSO} Octolasiumcyarcum Brown sad 3 14  sivilLCX 180 50 Stre&
Jaggy.
1983,

Cu CuCl2 Eiscréa fetida OECD soil 6 5 21 covoon rodixction 120 180 35  vanGestd
ctal
1989

Cu CuSO1 Eumbricus rubellus foamy send 6 29 I8 cocoon prodiction 148 278 33 M 19534

Cu Dendrobacnarubids sl & dung 6 37 120 cocoonstwormbatc 10 500 96,100  Bergtsson

Hirgs' ctal
cocoon 1986.
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Table A.1 (continued)

Chembcsl f Form Earthworm Eip Response NOEC Reference
Species (D) Parameler APPL

*s hatching success

Cu Dendrobecns rubida soit & dung 7 57 120 cocconswormhate 100 500 90,100 Benglssen
Hlinrgs’ ctal
[ i936.
%5 hatching success 100
Cu C4H6CuO Eiscris fetida horse manure 56  cocoon prodixtion 300 500 24 Moalechiet
al 1982
Cu Curitrate Eiscrza fetide OECD soit 6.1 21 growth 601 50 Spurgeon
ad
ibplin
1995
Cu CuNO3 Faseria fetids OECD soil 6 5 14 sunival LC50 613 50  Neuhauser z l
ctal
1985.
Cu CuSO§ Octolsssumn cyarcum Rendana sail 14 4 sunival LC50 850 0 Suct&
Jazgy.
- . 1983.
Cu C4HECuY Fiscnia fztida horse manure H0  cocoon production 500 1000 25 Mileclict
al. 1982,
Cu CuCl2 Lumnbricus subellus sandy Joam 7 4 84  sunival 150 1000 82 Ma 1982
Cu Solutle forms Ezscria fetida hofse manure 42 growtheocoon 1000 2000 2785 Neuhauser
profiction ctal
1984,
Cu CuSO4 Octolasiszmcyancem Peat soid 13 14 sunivalLC5O 3500 50 Swat&
Jrzav.
1983
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Table A.1 (continued)

Chemicalf Form

Esithworm Grunth
Species Medium

plt

ar
o

ocC

Eip
M)

Response NOEC
Parameter APPL

LOEC
APPL

%o Reference

2 4-dickioroanttine

2 4-Jichoroarsline

34 JcHorosraline

3 4-dichloroaniline

3. 4-dickloroaratine

2.4 Strichoroanaline

24 5 tnchoroanline

24,5 trickdoroaniting

2.4 5tncKorcantine

Lurzhricus rubeltus peaty sodd

Eiscrea andrei peaty soil

Eiscria andrei sanly sod

Fiscria andrad sandy sod

Easeria andral OFECD sal

Fiseria andral sandy sod

Lumbricus ribedlus sandy soit

Lumbricus rubeltus OECD 3ail

Eiscris andra OECD sanl

ColEr & LU IToi)

78

78

09

09

39

59

i9

2

t4

14

14

8]

H

14

oy m

-

sunvival LCSO

sunvivy] LC50

stnival LC50

sunival LC30

sunival L.C50

sunvival LCS0

sunival LC50

sanival LCS)

sunvinal LC30

Gbipa e ka2

580

824

140

140

250

134

174

2i3

S0 vanGes'el
& Ma.
1990.

50  v11Gesel
& Ma.
1990.

50 vanGestel
&L yvan s
1988

50  vanGosted
& vaalXs
1988

pl-v

50  vanGesiel
& vanDis.
1988

50  »waaGostel
& Ma
1993.

50 vanGested
& Ma
1993.

0 vinGevid
&My
1993.

50  vanGestel
& Ma
1993.

0 e QWP GET - IO




Table A (continued)

Chemical! Form

Earthworm
Species

Grumth
Medium

pH %0C Ejp Response NOEC
D} Parameter APPL

LOEC
APPL

Reference

23 5,6 tetrachloroanifine

235 6-ictiracHorcanline

23,5 6-tetrachloroanatine

2,35 6-tetrachloroanline

Pertachloroaniline

Pentachlorosnitioe

Pertachloroanline

Pentachloroarghine

Eiscria andra

Eascray andrel

Lumbgcus rubelius

Lumbnicus rubellus

Lumbnicus rubellus

Lumbsicus rubeltus

Fiseris andra

a £ B SN RS

sandy sod

sandy soid

OECD sl

sandy sod

sandy sl

OECH scit

sunval LCS0

sunival LCS0

sunvivd LC50

sunvival LCS0

sunival LC50

sunival LCS50

snival LC30

suninzl LCS)

GG e LN« b
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Table A.1 (continued)

Chemical? Form Earthworm Gromih Eip Respouse NOEC LOEC Relerence
Species Medium M Parameter APPL APPL

3 4-achiorophenal Lumbricus rubcllus humic sand 14 sl LCS0 186 van Gestel
&Ma
19388

3 4-&cHorophenod Lumtricus rubxtlus peaty sod . sunivadl LC50 van Gested

& Ma
19%0.

2.4 5 tackorophenol Fiscriaanira ! sunival LC50

2.4 5-tricKorophencl Fiscria antrei b sunival LC50

2.4 5-trichlocophenol Fiseriy andei sunviva] LC50

2,4 S-trickloroptienct : sunival LCS0

2,4 5-tochlorophencl Fiscria andrai sunival LC50

2.4 5 tichhonghoncd Eisersa andret y . sunvival LCS5G

2.4 S trchioroptendd {umbacus rulctlius ! syl 1C50
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Table A.1 (continued)

Chemlcal! Form Earthnorm Gruwth rH %0C  Esp Response NOEC 10EC %o Relerence
Specits Medium (D) Parzmeter APPL APPL Dec

Pentachlorophenct Fisenia andra hurdc sand 5 19 14 sl LC50 9« 50 s2aGeostel
&M
1988.

Fertschlorophenct Fiseria andrel sandy sad 6 3 14 sniniLC30 142 50 van Gested
& Ma
1970.

PertacHlorophenct Eiscrda andrai humic sand 6 3 13 snivadl LC50 143 30 vanGestd
& My
1938

FPentxhlorophenad Fascnia cusercae artifical 15 14 mortality 168 50 Fitzgerald
ctal 1936

Pertachorophencd Lumbricustarrestis atifiaal 75 4 mogtality 91 50 hitrgaald
ctal 1956

9TV

FPentachlorophenol Eiscnia andrei peaty sod | 738 14 sl ECS50 502 50 van Gestel
& Ma
1950.

PentacHorephenl Lumbricus rubdlus huamic sand 6" 3 14 sunvival LCSO 883 30  van Gestel
& Ma
1988,

Pentschlorophe nol Lumnbricus rubellus sandy soll & 3 14 sunivA LC30 1013 50 waaGestd
& My
1990

Pertscorophenol Lumbricus rutcllus hamic sand 5 19 14 senvivtLC50 104 59 vanGestel
& Ma
1958

Pertschorephenol Lumbricus rubdlus sandy sod 5 19 14 savival LCSO 1205 50 vainGeswl
& Ma
1990.
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Table A.1 (continued)

Cheinical f Form

Earthworm
Specizs

%OoC  Exp
(D}

Response
Parameter

Reference

Pentachlorophenot

1 4-dichlorobenzene

1 4-&chlocobenzene

1 A-dchorctenzene

1 4dichlorobenzene

Lumbricus rubcllus

Eiseria felida

Fiscnia fetida

Lunbricus rubellss

Lunbricus rubellus

Lumbricus abellas

Lumbricus rubeilus

18 14

sandy scil

OECD sl

sandy soil

OECD soil

OECD sail

-, ja s et .
ol DL e POl

sunal LC50

sunival LC5)

sunival L.C50

suniyval LC50

sunival LCS)

sunival LC50

sunival LC30

sunvival .C50

sunvival LC30

van Gested
&M
1990.

van Gestd
ol
1991b.

san Gested
ctal
1991b.

van Gestel
ctal
1991b.

a1 Gested
ctal
1991b.

»an Gestel
ctsl
1991b.

ven Gestel
cta)
1991b.

van Gestel
cial
1931b.

van Gested
clal
1991b.
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Table B.1 (continued)

a A 4.

Chemical Organksms Gronth pil %:0C Eip Respense NOEC LOEC Reference
Mediumn {d} Parameter

Aluminum native scal microflora foam 55 01  ARaline phosphatase 615 675 b &
activity Tatatabai.
1977.

rative soul microflora . Amidase sctivity Frarenberser
& Tabatabyi
1931

Ne2HAO4 nathve sal microflora T . Acid phosphatase hbma &
activity Tehatshai,
1977.

native sosl micreflors . . Allaline phosphetase hma &
sctivity Tabatsbai.
1971

native soil microflora y } . Argdase activity Frantenberger
&Tabauba
1981

rathve soil microflora . . Amidase activity - Frarkenrger
&Tabatshai.
1581

native sosl microfiora . . Alaline phosphatase hima &
actinity Tabatabar.
1977,
native soil micreflora . - Allalinc & hm &

xid phosphatase Tatatahei.
activity 1977.

rative sl microfiora . Acid phosphatase hma &
activity g Tatatshai
19717,
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Table B.1 (continued)

Chemical Chemical

Organisms

Groath
Medium

pH

14
Ll

oC

Eip
{d)

Response
Parameter

NOEC LOEC

Relerence

Czdmium

Cadmium

Cxdmiumn

Cadmium

native sad ricroflors

nathve sl microflora

nafive sail mxreflora

native sotl microflora

nath e soxl mcroflors

ratve satl mxcroflora

native sl microflors

native soil microfkva

rative sorl microflors

native sal microflora

sty Joam

sutlxe sl

clay

42

35

58

Urcase activity

Nigrificaion

Anfsdfatase activity

Anlulfatase activity

Anlsufitase sctivily

Anlsulfitase sctivity

Alatine &

acid phosphatase
activily

Acd phosphatase

activity

Anfsufatase activity

Anlsufrtase activity

9N
ED30

1063

1016
EDS)

1793

Dedman &
Iasnstra 1985,

Beuley &
Stotzky. 1983

Hisnstra &
Doelman
1991.

Hasnstra &
Doclman
1991.

Hasnstra &
Doclman
1991.

Hasanstra &
Doelman
1991,

Juma &
Tabatshal
1977.

hma &
Tehatabai.
1977.

ALKhafzi &
Tatatahsi
1979

AlKhafsi &
Tabstabai
1979.
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Table B.1 (continued)

Chemical Chemical Organkms Grownth rH %0C Eip Response NOEC LOEC %o Refecence
Form Medium {d) Pararieter Dec
Cadmivm Cdso4 native soil microfloea foam 6 26 01  Acid phosphatase 281 2310 44 hma&
activity Tabatabai.
1977
Csdmium CdsOl rative sl microfloca faam 7 29 0t Anlsufatase acthity 281 2310 55  AlKhfyi &
Tabatabsi.
1979.
Cadmium CdsOd rative scel microtlora clay Joam 8 3> 01  Anisufatise sctivity 281 2810 23 AlKhafai &
Tabatabai.
1979.
Cadmiun CdCl12 native sorl micrefiosa sandy peat 4 635 42 Anlsulfatase activity 3192 50 Hastn&
ED30 Doelman
1591.
Calmium Caciz nafive sail microfiora sandy peat 4 65 42 Urecasc activity 3260 50 Dodman&k
ED50 Haanstra 1986.
Cadmium CaC12 mtive sal micreflora clay 8 15 $2  Urcasc activily 4160 50 Dodmun&
ED30 Haanstra. 1986,
CsImivm CdCn2 Native soill microfloea - clay 8 15 548  Phosphatase activity - 5305 50 Dodman&
ED50 Haarstra. 1989,
CxImiun CdaCi2 Native sasl mxcroflora Silty foam S 1 42 Phosphatase activity 5485 50 Decimun&
ED50 Haanstra 1989,
Calmiun cdQiz mtive sall microflors clay 8 15 42 Anfsufatase sctivity 9520 50 Hashn&
ED50 Doclman.
1991.
Cadmium CaCn2 Native sak micreflona cley 8 L5 42 Fhosphatsse sctivity 9779 56 IDedman&
EDSO Haanstra 1989.
Cadmium CdC12 nztive scil mxcroflora sandy loam 6 3 548 Phosphatase activity 9863 50 imsn &
ED5O Haaastrs 1939,
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Table B.1 (continued)

Chemical Ckemical Organbms Growth pil %oC Eip Response NOEC LOEC %e Reference
Form Medium (d) Parameter Dec
Chromiun CCl3 native sxl microflors clsy boam 6 27 01  Anlsufatase sctivity 1300 51 AMKRfgi &
LCT Tehatabei. 1
1979
Chromium CC13 native sail microflora foam 7 33 01  Anfudiztase activity 1300 32 ARG &
LCT Tahstabai.
1979.
Chromium CCi3 native sold microfkors cliy Joam 8 k¥ 0.1 Allshine & 1300 27235 hum&
acid phosphatase LCT Tahatahai.
activity 1977.
Chromium CrCi3 rative soil microthora fcam 7 55 01  Acd phosphatsse 130 27 hmak
activity 1CT Tabstahai.
1977.
o
Chrosnium 13 native sl microflors foam 7 29 01  Anflsufatase sctivity 130 1300 43 AlKhefsi& A
Tebatshai. i
1979.
Chromium <13 mative sail mikreflora clay Joam 8 32 01  Anlsulfstise sctivity 130 1300 35 AlKhafsgi&
Tahytabai.
. . . §979.
Chromium crC13 native sail microfkora toam 6 26 01  Aciiphosphatase 130 1300 30 Fkmak
sctiviy Tabatahat
1977.
Chlromiunm CrCi3 mtive soil mxrofkora foam 7 55 0.1 Allsline phosphatase 130 1300 39 lma&
activity Tahatatai.
1977. -
Chlromium 3 rative sail microflora sandy peat 1 65 42 Urcase sctivity 1350 50 Dwiman&
ED50 Havestra 1936,
Chiomien 13 rstive sodl micreflora clny 8 15 528  Phosphatase sctivily 2652 50 Dodmin&
ED30 Hasnstra 1989,
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Table B.1 (continued)
Chemical Cheraical Organiuns Gronth pH 2WacC Exp Response NOEC LOEC %e Relerence
Form Medium {d) Parameter Dec
Copper Cu(NO3)2 Pseudomonas sp. silt foam 7 2 4 Denitrfication 10LCT 53 Bdiagz&
Banabasz.
1979.
Copper CuSO1} nitive soil microtlora surface sl 13 1 Dehydrogerase 3I0LCT 28 Regas& Li
activity 1985,
Copper Cu(NO3)? Psewdomonas siit koam 7 2 4  Denitrification 10 56 43  DBollnp&
seruginoss Banstasz.
1979.
Copper CuSO! mative soil microflora sandy loam 5 2 21 Nmineralization 100LCT 20 Quashi&
C(‘ nl’ld'j_
1973.
Copper CuCi2 native scil microflora sanly sod 7 i 42 Phosphatase schivity 140 30 Dodman&
EDS0 Haanstra 1987
Copper CuCl2 rative soil microflors sandy sod 7 i 548  TIhosphatase scthiiy 170 50 Poxcdmané&
EDS50 Haarnstrs 1989,
Copper Cu(N03)2 rative sal mkroflora st Joam 7 2 2 I)ain-i;icaﬁm 100 250 H Bollay &
Benatasz
1979.
Copper Cu(hO3)2 Psculomonas shkam 7 2 4 Dxmification 100 250 22 Bollaz &
denitrificans Banbasz
1979
Copper CuCi2 native soil microflora sandy sad 7 1 42 Uscasc sctivity 260 50 Docdran&
ED30 Haarnstra 1935.
Copper CuCi2 native sovd microflora sandy said ? 1 548 Anlsulfstise sctivity 287 59 Harstn&
ED5S0 Duociman
1991
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Table B.1 (continued)

Chemical Chemical Organkims Gronith pH %ocC Esp Response NOEC LOEC e Reference
Form Medium (d) Parameter Dec
Copper CuSO1 rative soul microflona siity clay Joamn 7 6 20  Nmineralization 320LCY 82 Ling&
Tabatabai.
19772
Copper CuCl2 mative soil mixcrofiora sandy soil 7 1 42 Anlsulfatase sctivity 331 50 Hunstris &
ED30 Doddman
1931
Copper 12 native soil microfkry st loam 5 Nitrificaion 500 >2  Sutcrand
Sharples. 1934,
Copper CuCl2 native soil microfkocs sandy loam 6 3 548 Anlsdfatase scivity 548 50 Hunstn&
FD350 Poclman
1991
Copper CuC12 native soil microflora sandy foam 6 3 42 Urcase sctivity 370 50 Dxlmank o
ED30 Haanstra 1986, L
"
Copper w2 native soil microflora sandy sod 7 1 548 Urcase activity 630 30 Dxdman&
ED3O Haanstra 1586,
Copger CuC12 native seil microflors sifty lcam ] I 58 Fhosphatase sclivity H 30 Doemank
- ED30 - Haanstrs 1989,
Copger CuC12 native sotl microflora siity loam 3 i 548 Anlsulfatase sctivity 763 50 Hanstra &
ED30 Declman
1991.
Copger CuCl2 native soil microflora sandy Joam 6 3 42 Anftsufitase activity 967 50 Huanstn&
ED30 Doclman
1991
Copper CuO mative soil microfloa sanhy sod 6 2 3!  Cminchzzon F000 33 Bluha&
LCTY Comnficld
1972
Copger CuSOd rative sotl microflors sandy loam 8 2 56  Ntificatoa 100 1660 3B Pemi&k
Comrficld
1969°1970.
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Table B.1 {continued)

Chemical Chemical Organiums Gromth rH %:0C Eip Response NOEC LOEC %e Reference
Form Medium {d) Parameter Dec
Copper CuSOt natve sl microtkora sandy laam 6 2 21 Nmincnlization 100 1000 75 Qunaishi &
Comficld
1973.
Copper CuSO1 rative sail micretlora sandy Joxm 5 2 21 Nminenlization 100 1000 100 Quash &
Cornfield.
1973.
Copper CusSO} rath e sal miroflors sandy laam 7 2 21 Nmrkralization 100 1000 39 Quraishi&
Cornficld.
1973.
Copper CuCi2 native sail microflora clay 8 is 543 Urcasc sctivity 1080 5  Docdman&k
ED30 Haanstra 1985
Copper CuCl2 rative sl microflona clay 8 15 42 Ureascactnity 1370 30 Docdman& o
ED30 Haanstra 1956, '
o
Copper CuSO4 mtive soil micrefkora clay boam 6 27 01  Anlsufitase activity 1550 22 AlKhafs5i&
LCT Trbatahai.
1979.
Copper CuCR2 namve sad microtlora foam 7 55 01  Acidphosphatase 1590 43 Juma &
activity LCT Tabatahai.
1977
Copjes CuSO4 native sl microflora leam 7 55 0.1  Acd phosphatase 1590 36 Jum&
activiy LCT Tahatabas.
1977
Copper CuCi2 r2tive soil microflora chy bam 3 317 Gl Allinc & 1590 3028 Juma&
acid phosphatase LCY Tabatabai
sctivity 1977
Copper CusSO1 rative sovl mi- roflory clay Joam 8 37 03 Acdphosphatase 1550 2% Jum &k
activity (T Tahatatss
1977.
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Table B.1 (continued)
Chemical Chemical Organisms Growth pH %0C Ep Response NOEC LOEC %% Reference
¥Yorm Medium {4} Parameter Dec
Lead Q2 nathve s mxcioflora sanfy soit s 3 1 Exhydrogenase 750 1500 78  Poxelman &
sctivity Hasnstrs 1979,
fead a2 native sail microflora sandy sl 7 i 548 Urcase activity 1590 50 Dodmm&
ED30 Haarstrs 1985,
Lead | & naiive sail mxcrotlona sltlam 2 Amlase sctivity 200 1800 58 Cole 1977
Lead FLC 11160 native sail microfkora silt Joam 4 afphapglucosidase 20090 38 Cole. 1977,
synthess Lcrt
Lead PEC41601 native soxl microflora silt karn 2 Anmnlase sctivity 2000 74 Cole. 1972
ict
Lead PoCAH50) native sal microflora silt Joam 5  Dacterial population 2000 37 Cole. 1977.
size ECT
w
Lead PeCi2 natihve sof microflora sandy loam 6 3 38 Urcase actinity 2370 0 Dodman& pid
EDSO Hzanstrs 15386,
Tesd reCi2 native sord microflors sandy loxm 6 3 518 Anlsulfstase activity 3004 50 Hixstn&
EDSO Doclman
- 1991.
Lead PeCh2 native sl microfiona silty foam 8 | 548 Anlsulfatase activity 4533 50 Hastnk
ED30 Doclman
1991.
Lead 2 nathve sl mxcroflora sandy koam 6 3 42 Urease sctivity 5060 50 Doclmank
ED50 Hainstra 19865,
Lead FLC41604 eative sl microflora cliy boam 3 37 0.1 Al alire phosphatase 5175 33 hma&
activity LCcT Tahatabat
1977
Lend P03 native sl microflora cliy foam 8 37 01  Allalinc phosphatase 3175 33 hmak
athvity T Tahatabai.
1977.
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Table B.1 (continued)

Chemical Chemical Orgznisms Gronth pH “0C Eip Response NOEC LOEC %% Reference
Form Mediun () Parameter Dec
Mercury HgCr2 n2tive scil microtlors clay kam 8 2 28  Cmincaaliration 01LCT 87 Laahah&Fara
1978
Mercury FMA* native soil micreflon Sune sard 3 1 Nitrification 10LCT 57 sanFassan
1913,
Mercury HeCi2 mthe soil micreflona clay loan 7 3 02  wease sctivity SOLCT 33  Bremner &
Douglas 1971
Mcrcury HeSO4 native soil microflora clay boam 7 3 02  wease ktvily S0LCT 35 Brenr &
Douglas 1971,
Mercury HegC12 nainve soil microfiora sty dny koam 7 22 02  wease sctividy S0LCT 42 Bremncr &
Doezlas 1971,
- o
Mereury HeSO4 nstive soil microflors silty dry kem 7 22 02  wrcascactinly 50LCT 36  Bremxr & 2
Douglas 197l
Memury HgCi2 native soil microflora clay boam 8 2 28  Cmincraliration 10 100 45  Lania& Farp
1978
Mcercury HeCi2 native sofl microflors sifty clay 7 7 28 Cmincnlizaton 10 100 28  Lands & Fanz
1978
Mercury HgC12 mtive soil miczoflora <y 8 3 Nitrification 10 100 40 vanFzassen
1973.
Mercury PMA* rative soil micreflora clyy 8 3 Nitrification & 10 100 9442 sanFawssen
ammonification 1973.
Mercury HC12 native sl microflora dune sand 8 1 Nitrification & 10 100 9531 aFauxn
ammorificadon 1973
Mercwy Hg(32 eative soll microflora koam 7 29 0.1 Anfselfatyss activity 5015 33 AMKhfgi &k
1CT Tabatahat
1979,
I L & Gl N 1S DI AL % 30 1 . -
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Table B.1 (continued)

Chemical Chemical Organisms Grownth rH “0C Exp Response NOEC LOEC %o Reference
Ferm Medium {d) Parameter Dec
Mercury Hz(12 native scil microfloca cliy loam 8 32 0.1 Apnlsulfatase sctivily NS 3 AlKhefsi&
LCT Tahatatai.
1979.
Mercury HeC12 rative soil mxreflors chy bam s 32 0.1  Anlsufatase sctivity 5013 31 AlKhfyi&
LCT Tabatabai.
1979.
Meroury HeCi2 native soil microtlors loara 6 3 20 Nmincralization 1003 73 Linmg &
LCT Tahatahar.
1977.
Mercury HeC12 native sarl miroflora shy clay 7 3 20 Nmincalization 1603 39 Liang&
LCT Tabatahai.
1977.
Mercury Hz (12 native soil mixcreflora cly loam 8 4 20  Nmineralization 1003 35 Liang&
1LCT Tabatahai.
1977.
Mercury HgCi2 native soil micreflora silty clay loarn 7 6 20  Nmineralization 1003 32 Lizng &
LCT Tabatabai.
1972
Mercury HzC12 rative soif microflora clay loam 8 32 01 Amidasc activity 5015 30  Frarkenherger
LCT & Tabatbai
193]
Mereury HgC12 native sotl microflosa Joam 7 42 01  Amidase activity 5015 27 Frarkerkerper
LCT & Tabatstal,
1581
Mercwry Hx12 native sl mikroflora clay bam 6 27 01 Anlsufatase sctivity 5015 95 AFKRafgi&
1CT Tabatahei
1979.
Mercury HzQ12 rative soil micreflna kam 7 53 0.1  Anlsaiatase activity 5015 85 AtKhfyji&
LCT Tatataby
1979,
AP R ™ 4 A A et B 1N DA P ;
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Table B.1 {continued)

Chemical Chemicsl Organisms Grownih pll *.0C Eip Response NOEC LOEC Ye Reference
Form Medium (4) Parameter Dec
Nickel NiCi2 Rhizopus stelonifer sandy koarn 5 3 7  Growthnle 250 S00 24 Babich&
Stotdy. 1982
Nicld Cl2 Glioclshium p. sandy loam 5 3 7  Grouwthnt 250 500 23 Rsbich&
SwtAdy. 1982
Nickel NSOt Scriatia marcescens sandy loam 5 3 7  Growth 350 500 87 BRabch&
Stotzhy. 1582,
Nickel NisOd Nocardia rhodochrous sandy loam 5 3 7 Growth 250 500 25 Dabch&
Stotzdy. 1982
Niclel NSO Aspergillus flavipes sandy 6 25 7  Growth 7501LCT H  Babich&
foam montmo Stotzdy. 1982
i
Nichel iSO Asperpilus cinaus sandy 6 25 7  Growth 750LCT 31 Babich& g
Joam+mont Stet/dy. 1982, ©
Nickel NiSO4 Perdcllivm sandy 6 a5 7  Growth 7501LCT 27 Bihch&
vermicul stum foam+mond Stotsly. 1982
Nickel NiSO4 Trichoderma virde sandy 6 25 7  Growth 750LCT 40  Batich&
Joam+mont Swtdy. 1982
vacked KisOd Aspergillus flavipes sandy 6 235 7  Growth 7301.CT 61 Bahch&
foamtbkaol Swouly. 1582,
Nickdd NisO4 Asperglius clavatus sandy 6 25 7  Growth 730LCT 61 Babich&
loam+ksol Swotdy. 1982
Rkl MNSO4 Rhizopus stolonifer sandy .3 25 1 Growth T50LCY 54  Bakich&
foamilact Stotly. 1982
Nickdd NS Pericdlium sandy 6 25 7  Grouth 750LCT 39 Bbch&
vermiculztum foamtisol Siotzdy. 1982,
Nickel NisO4 Trichoderma vinde sandy 6 25 7 Growth 750LCT 73 Batich&
Jaam+haol Stotrhy. 1982,
SRR R T S P TP TR FoS
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Table B.1 (continued)

Chemical Chemical Orgsnisms Growih pH %0C Exp Response NOEC LOEC % Reference
Form Medium ) {d) Parameter <

Nechel NisO4 Aspergillus fisvipes sandy kam 5 3 7 Growthnte 150LCT 93 Babich&
Stotzhy. 1952

Nickel NSO Asperglius clavatus ssndy foam 5 3 7  Growthnle F50LCT 8% Batich&
Stotzly. 1582,

Nicked NSO Rhizepus stolonifer sandy keamn 5 3 7  Growthnte 7501LCTY 78 DBakich&
Stotzdy, 1982

Nickel MSO4 Perécillium sandy loam 5 3 7  Groawthnte 750LCT 82 Babich&
vermzculatum Stotzky. 1582

Nicked NisO4 Trichoderma vinde sandy boam 5 3 7  Growthmte 7501CT 85 DBabich&
Stotzhy. 1582,

Neckel NisOd Gliccladium sp. sandy foarmn 5 3 7 Growthn'e TSOLCT 52 Batch&
Stotzly. 1982

Nickel MO Bacillus cereus sandy loam 5 3 7  Growth 500 750 32 Babich&
Stotzhy. §982.

Nickel NisO4 Rhodotonda rutxa sandy baam 5 3 7  Growth 500 150 29 Babich&
- Stotrdy. 1982

Nickel NCR2 Trichoderma vinde sandy keam 5 3 7  Grouthnle 500 730 85 Bakch&
Stotzhy. 1982

Nickel NCi2 native soil micreflora sand 7 08 548 Phosphatise activity 769 50 Dodmnm&
ED3) Hasnstrs 1989,

Kickel NSO Baciflus mezaterium sandy foam 8 1 Groath 750 1000 22 Bahkch&
Stotzhy. 1532

Nickel NSO Crny ptococcus terrcus sardy boamn 3 1 Groath 750 1060 21  Babich&
Stotzhy. 1532,

Hickd N.C12 native sl microfloca sand 7 038 42 FPhosphatase activity N S0 Decdman&
ED530 Haarstra 1989,
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Table B.1 {continued)

Chemical Chemical Organisms Growth pH %:0C Exp Response NOEC LOEC e Reference
Fomm Medium H Parameter Dec
Nicked N mative soil mxroflors cliy boan 6 27 0.  Anisulfatase activity 1448 26 Alkfnf.ﬁi &
LCT Tabstabai.
1979.
Nicked NiCi2 native sail micreflora cliy boam 8 33 0.1  Allaline phosphatase 1468 22 Juma &
ativity Kol § Tahenabai.
1971
Nickel NiCi2 native soil microflors loarn 7 55 01  Acidphosphatase 1468 N huma &k
activity LCT Tahatahai.
1971
Nickel NiC2 native soil mxroflon Joam 6 26 03  Acidphosphatase 1468 1468 23 hum &
activity Tabatabat.
1977
o
Nickel NiCi2 native sl mxroflors sand 7 0% 12 Anlsulfatase activity 219 50 Hawsta&k iy
ED30 Doddman -
1991.
Nickel N native soil microflora st ham 8 12 543 Phosphatasc achivity 2131 50 Dodnaad
ED30 Haanstra 1989,
Nickel nNC2 mthe soil mxcroficra sandy kam 6 28 42 Anlsulfatase activity 2348 50 Huacsin&
ED30 Declman
1991
Nicked NiCi2 native soil mmicroflosa clyy .3 16 518 Anisdfatasc acivity p2% ) 50 Haastn&
ED30 Doddman
1991
Niekd NC12 native soil micreflora sttkoam 8 12 12 Phosphatase scfivity 1232 50 Dodman&
EDS0 Haanstra. 1989,
Nschel NiC12 native sced niercflons siltlan 8 12 12 Anplsidiatase activity 5400 0 Hantn&
ED50 Doclman.
1991.
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Tahle B.1 (continued)
Chemical Chembkeal Organlms Growth pH %0C Eip Response NOEC LOEC % Refesence
Form Medium (d) Parameter Dec
Sclenium 1125¢03 natve sorl miceoflora surface soal 6 26 01  Amgdase sctivity 1975 1975 21  Frrlenberger
&Tabatabai.
1981
Sclenivm H2S<03 rative sol microflora clay boam g 32 01 Anlsulfatase activity 1275 1975 26 AlKhafgi&
Tahatahai.
1979.
Sclenium H2Sc03 mative soil microfiora Soam 6 26 0.1  Adadphosphatase 1975 1975 24 lmé&
=ctinvity Tahatzhai.
19717.
Seleriun H25¢03 native soil microflora loam 7 55 0.1  Alkaline phosphatase 1915 1975 3 hm&
acthvity Tabatshai.
1977.
3]
<
DAY
Silver AgSO1 nathve sosl microflora chry koo 7 3 02  wecax sctivity SOLCT 6] Bremnes &
Douglas. 1671,
Silver AgNO3 native soil microflors sty day boem 7 22 02  wwesse sclivity S01CT 65 Bromxr &
- Douglas 1971,
Sibver AgSO$ rative sl microflora 7 22 02  urcax actinty S0LCT 63 Bremmer&
Dougles. 1971,
Silver AghO3 rative soil microtlora clsy Joam 7 3 02  wrcasc activity S0LCT 60 DBremna&k
Douglas. 1971,
Siher AgSOH nathve soll microflora foan 7 29 01  Anlsudfatase sctivity 2698 53  AtKhafxid
LCct Tabatatai.
1979.
Silver AgSO rathve scel microflora clay lamn 8 32 01  Antsdfitise xtiviy 2598 83 AlKkfsid
LCT Tabatahai.
1979.
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Table B.1 (continued)

Chemical

(bemial
Form

Organitsms

pll

%:0C Exp Response NOEC LOEC Refcrence
{4) Parameler

Silver

Titsrzum

ApSO4

Crbedp + O GUT » fuile

native soff microflon

native sl microflora

native sosl microflona

native soil microflors

native sail microfiona

natihve soil microfloa

rative sarl mxcrothon

native soil microflors

native soil microflors

26 0.t Amidase activity 2698 2698 2 Frarlenberger
&Tabanabai.
1931

Anlsifatase activity AtKhfsi&
Tabetabai
1979.

Anylsulfatase activity ALKhsfsi &
Tahatshai
1979

Allaline phosphatase Fama &
actisvity Tahatatai.
1977.

Acid.ﬂnsﬂnhsc hma&
sctivity 'Il'ab;ta‘.m.
971

Antsulfatase sctivity AlKhafgi &
Tabotatai
1979.

Acid phosphatace . Juma &
activity Tatatabai.
1977

Alaline phosphatase . Juma &
sctivity Tabatabai.
1977.

Antsulfatase activity ALKrafgi&
Tabatahay,
1979.
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Table B.I (continued)
Chemical Chemical Organisms Gronth pH %:0C Eip Response NOEC LOEC %e Reference
Fcrm Mediam () Parameter Dec
Fitaum Ti504 mive sol microflora foaxn 7 29 01 Antsulfatase sctivity 1198 1193 31 AKRfagi&
Tabatabai.
1979,
Tungsten N2WO! ratihve sail microflora loara 6 26 0.1  Acdphosphatase 4598 75 &
sctivity LCT Tahatshaj.
1977.
Turgsten Na2WO! rative soik microflora clay kam 6 21 0.1  Anftsdfatase activity 4598 2} AKRfgi&
LCT Tabatahai.
1979.
Turgsten N22Wod mative soil microflora clay toem 8 37 01  Alsfinc & 4598 2945 Jums&
achd phosphatass 1T Tabatabai. w
ity 1977. o
&
Tungsten Na2Wol nytive soil microflora foam ? 55 0.1 Aadpbosphatase 4598 67 Jumak
sctivity LCT Tahatabai.
19717.
Tungsten N2WO1 ntive soil microflors foam - 7 29 01  Antsulfatise activily 45938 4598 38 ARKhfyik
Tahatsbai.
1979
Tungsten HOWO! native soil mecroflona clay koam -] 32 01  Anpisudfstase sctivity 4598 4598 25 ARKhafyi&
Tahatahai.
1979.
Tungsten N22WO! mative sol microflors Loam 7 55 0.1 Afaline phosphatase 1598 4598 32 Jumn &
2hvity Tahatahai.
1971
Vanxdium V205 native sal micreflora sotd T:tter Respration nICcT 31 Lighthartetal
microcosm 1977
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Table B.1 (continued)

Chemical Chemical Organkms Growth rH %20C Ep Response NOEC LOEC %o Relerence
Form Medizm {d) Parameter i€
Vanaditm NiVO3 nathe sail microflora Forest mor 16 01  Acid phosphatase 30 50 40 Tyler. 1976
(Btter) 2cthrvity
Vanadium VsSOi native soil microfloca laam 7 29 01  Anlsuffatise sctivily 1273 76  AMKhfzik
LCT Tatatabai.
1979.
Vansdivn VSO4 rathe soil microflon clay Joarn 8 32 01  Anfslfatase sctivity 1273 32 AlXhigi&
ECT Tatatabai.
1979.
Vanadium VSOl native sl microflora loam 6 26 01  Acdphosplotase 12713 30 hma&
activity 1ct Tabatahsi
1977.
Vanadiun VIO rative sl microflora clay koam 6 27 01  Anlsulfatise sctivly 1273 87 AlXhafgi& o
1t Tatatabai. o
1979. =
Vanadiun V30 rative sotl microfloca loam 7 53 01  Anbulfatisce sctivity 1273 33 AMKhfyi&
LCT Tabatabai.
1979.
Vanadivm V304 nathve soil microflora clay laam 8 37 01 Alainc& 1273 6145 hma &k
acid plosphatase LCT Tabatabai.
activity 1977.
Vanadium VSOl rath ¢ sail microflora Joam 7 55 01  Acidphosphatase 1273 55 hmak
activity LCT Tabatabai.
1977.
Vaadium VSO rative sotl microthora Joam 7 55 01 Allafine phosphatase 1273 1273 60 hmak
activity Tahatahai.
1977,
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Table B.1 (continued)
Chemiesl Chemical Organisms Gronth ptl 2%0C Ewp Response NOEC LOEC % Refereoce
Form Madium (d) Parzmeter Dec
Zinc ZuC2 native sl microfora ssndy sod 7 i 548  Urcsseactivity 290 50 Docdman &
ED3) Hasnstra 1936.
Zine ZnSO1 native sotf microffora surface soil 13 1 Ixhydrogenise 150 300 30 Reges&Li
actvily 1935.
o ZnC12 rative scil microflora sandy sodd 7 i 548 Anfsulfatase sctivity 3is 50 Haanstra &
ED30 BDoclman,
1991,
Zine ZrCi2 native scil microflors sandy sod 7 1 42 Urcase activity 420 50 Doclman&k
ED30 Haanstra 1686,
Zire ZaC12 nati ¢ sot} microfhora sosd Tizter 23 Respintion 47 479 2} Chancyctel
RLCrocosm 1978.
Zinc ZnCh2 mive sotl mrcreflora sandy loam 6 3 42 Urease activity 480 50 Poxdman& g
ENs0 Hasnstrs 1986, ©
Zinc ZrQ12 native sail micrellors sandy sod 7 1 42 Aplsufatase activity 909 30 Hursin&
ED30 Do¢lman
1991.
Zinc ZrC12 mfiesolmiroflors sandy loam 6 3 518 Anlsifitse actiily 918 50  Hunstn&
ED30 Docdman
1991.
Line Zn0O native savl microflona sandy sol 7 81 Nmieralizaton & 1000 2831 Bhupa&
ritrfication £CT Cornficld.
1976.
Zine Zn0 rative solf microflors sandy sod 3 42 Nmircrlinton 1600 32 Bhupar &
LCT Comficld
1974
Zine 7nC12 rative soil microfloca Forest mor 4 30  Respinstion 200 100G 26  Lashowskict ol
(Etter) 1994.
Zinc ZnSOd native soil macreflora clay boam 6 12 49 Ntification 100 1000 99  Wilsen 971
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Table B.1 (continued)

Chemical Chembcal Osrganisms Growth rH 230C Exp Response NOEC LOEC %% Reference
Form Medium (4) Parameter Dec
Zinc oSOt nitive sotf micrcfion sandy loam 6 (133 49  Niuificaton 100 1000 93 Wilson 1977.
Zinc 7SO native soil microflors leamy sand 5 06 49  Nitification 100 1000 100 Wilson 19772,
Zinc rC12 rative sail microflora silty loam ] 1 42 Urcase activity 1039 50 Doclmaak
ED50 Haanstrs 1986,
Zin ZrC12 rative sail microflora sifty loam b 1 42 Anlsulfatase activity 1295 50 Hoanstra &
ED50 Doelman
1991.
Zinc 7SOt native soil microflors clay boam 8 37 01 Alldinc& 1635 3932 hma &k
acid phosphatase LCT Tatatsbai
activity 1972,
Firc 7nSO1 rative sotl microflora loam 7 55 0.1  Acid phosphatase 1635 33 Fhma&
activity LCT Tabatahai.
1977,
Zinc ZrCi2 rative sl microflon loamn 7 29 0.1 Anlsulfatise activity 1635 1635 33 AlKhaigi&
Tatotabad.
1979.
Zinc nC12 native soil mxreflora clay Yoam 8 32 0.1  Anlsulfstase activity 1635 1635 36 AlKhfzik
Tabatabai,
1979.
Zinc ZnSO! native sail microflora toam 6 26 0.1  Add phosphatase 163.6 1633 30 hlmak
sctivity Tabatabai.
1977.
Zint ZnSO} native soit micreflora loam 7 55 0.1  Afaline phosphatise 1635 1635 28 Juma &
sctivity Tabatabar
1972.
Zie ZnC12 nsthe sotl microflon clry g 15 42 Urcase xtivity 1780 0 Docdman&
EDSO Heaarnstra 1986,
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Table B.1 (continued)

Chemical Chemical Orgznims Growth pll %0C Eip Respense NOEC LOEC % Reference
Form Medium (d) Parameter Dec
Zinc ZnC12 native sail microflora sandy peat 4 65 548 Anisulfatise sctivity 9679 50 Husstn&
ED30 Doclman
1931.
xnlonitrile rative sl mxrofiora silt Joam 5 15 4 Respintion 1000 41 Weloactal
LCT 1989.
anlocitnie nzth e sl microflora sandy loam 5 0.7 4 Respirtion 1000 59 Waloactal
ILCT 1959
carbon tetrachloride rative soit microflora sandy loam 5 07 4 Pespintion 1000 21 Wiwnctal
LCT 1589,
cis-§ A-dicKloro- native scil micreflora sltbam 5 15 4 Rospination 1000 4 Wikadsl
2-butere : LCT 1989.
cis- 1 4-dickloro- native soil microflora sandy loam 5 0.7 4 Respintion 1000 43 Wiluactal
2-butene LCT 1989
hexachoroberwene nathve soil microflora st loemn 5 LS 4 Respinion 1000 37 Wilinctal
LCT 1589.
ntiobenzene niztive soil microflora st loam 5 1.5 4 Respinton 1000 22 Wilkenctal
LCT 1983
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APPENDIX C
TOXICITY DATA FOR OTHER SOIL AND LITTER INVERTEBRATES
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Table C.1 (continued}

Chembkal Form Species Food Exp Respoase NOEC LOEC %o Dec Reference
(d) Applied Apoliad
pnitrophenol rxmatode-bacterivores soil OM 7 sunivd 20LCT 40  Psrmale ctal 1993
pnitrophenol nematode-fungivores sotf OM 7 suiv 20 40 55  Parmalecctal 1993.
p-ritrophenct ncmatode-herbivotes soil OM 7 sunivd 20 40 51  Pamakectsl 1993
prtrophenal nema-omnivere predator sail OM 7 sunivyd 20 30 Parmalee et 2l 1993.
p-nitrophenol ncmatode-hatcHlings soil OM 7 sunival 20 40 61 Parmaleccetal 1993,
pruirophenod ncmatode-total soil OM 7 suniva 20 40 56  Parmalee ctal 1993
pritrophenct Prostigmata soil OM 7 sunhal 40 80 24 Parmaleectal 1993.
p-rutrophenol Oribatda soil OM 7 sunival 80 160 36 Pamlec ctal 1993,
p-mtrophenol ot microantropods sotl OM 7 sunivd 80 160 35 Pammaleeetal (993
pentschlorophenol Tylernchus clegans sclution 3 sunival LC50 12 50 Ksmmengaetsh 1994,
peritachosophenol Rhahditis specics solution 3  sanivadLC50 24 50  Kamrengacial 1994,
peatachlorophencd Cephalobus persegris sofution 3 sanivdlIC30 26 50  Kammerngactal 1994
pertachiorophenot Diplogasteritas spp. solution 3 sninallC50 68 50 Krmmengactal 1994,
trinitrotolucne Frostigmata soil OM 7 suvhal 160 200 71 Parmalee ofal 1993.
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