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Summary

Criteria for determining the quality of river sediment arc necessary to ensure that concen-
wations of contaminants in aquatic systems arc within acceptable limits for the protection of aquatic
and human life. Such criteria should facilitate decision-making about rcrncdiation, handling, and
disposal of contaminants. Several approaches to the development of sediment quality criteria
(SQC) have been described and include both descriptive and numerical methods. However, no
single method measures all impacts at all times to all organisms (U.S. EPA 1992b). The
U.S. EPA's interest is primarily in establishing chemically based, numerical SQC that are
applicable nation-wide (Shea 1988). Of the approaches proposed for SQC development, only

arcbeingconsideredfornumericalSQC onanationallevel.Theseapproachesinclude,an
Equilibrium Partitioning Approach, a site-specific method using bioassays (the Apparent Effects
Threshold Approach), and an approach similar to EPA's water quality criteria (Pavlou andWeston
1984). Although national (or even regional) criteria address a number of political, litigativc, and
engineeringneeds,someresearchersfeelthat protection ofbenthiccommunitiesrequiresite-
specific,biologicallybasedcriteria(Baudoetal.1990).Thisisparticularlytrueforareaswhere
complexmixturesofcontaminantsarepresentinsediments.Otherscientificallyvalidandaccepted
proceduresforfreshwaterSQC includeabackgroundconcentrationapproach,methodsusingfield
orspikedbioassays,ascreeninglevelconcentrationapproach,theApparentEffectsThreshold
Approach,theSedimentQualityTriad,theInternationalJointCommissionSedimentAssessment
Strategy,andtheNationalStatusandTrendsProgramApproach.The varioussedimentassess-
mcntapproachesareevaluatedforapplicationtotheHanfordReachandrecommendationsfor
HanfordSite_iimcm qualitycriteriaarediscussed.Itappearsthatapplicationofscv.cralcomple-
mentarymethodswillbcttcrassessthenatureanddegreeofscdimcmcontaminationatHanford
thancanbeachievedbyasingleapproach.An importantbenefitofcomplementarymethoduseis
theindependentverificationofsedimentcontaminationaffordedbythedifferenttests,ifthe
conclusionsofthetestsarethesame.Iftheydiffer,importantinsightcanbeobtainedrelativeto
site-specificcircumstancesthatmay come intoplay(U.S.EPA 1992b).Inaddition,anassessment
strategythatinvolvesseveralapproachesmoreeasilyaffordstheuseofatieredprogressionof
testing,whichreducescostandfocusesdirectlyonsite-specificconditions.
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1.0 Introduction

This document compiles and summarizes the dominant approaches for assessing sediment
quality currently in use and those being developed in theUnited States and Canada. Westinghouse
Hanford Company (WHC) requested Pacific Northwest Laboratory (PNL)(a) to prepare this
document in response to requirements set forthin the Tri-PartyAgreement milesone document
"Columbia River Impact Evaluation Plan" (U.S. DOE/RL 1993). Specifically, the plan identifies
the need to develop recomn_ndations on approaches for developing sediment quality criteria
(Activity 3-1 and Activity 4-1). This plan identifies the need for several tasks to provide informa-
tion for human health and ecological risk assessments. The compilation and summary is intended
to provide a backgroundsourceof informationforCERCLA unit managersandtechnicalcoordin-
ators. This background information compilation is the first step in working with regulatory
agencies in choosing appropriate methodology for the Columbia River sediment quality criteria.

1.1 Sediments

Sediments arc accumulations of mineral and organic particles found at die bottom of rivers,
lakes, bays, estuaries, and oceans. Bioactive sextimentsmay also be located in non-submerged
areas within the hydrologic zone of the water body (See Section 3.2). The composition of aquatic
sediments can vary widely within a small area. Among the constituents commonly found in
aquatic sediments are detritus, carbonate precipitates, plant material, clays, inorganic and organic
erosional materials, fumic acids, iron and manganese oxides, crystalline and amorphous sulfides,
and calcarious organism remains. This chemically complex and dynamic matrix is animportant
component of the aquatic ecosystem, providing habitat for a wide variety of benthic organisms,
and feeding and rearing areas for water-column dwellers. Many of these species are important
components of food chains that include wildlife and human consumers.

1.2 Contaminated Sediments

Sedimentsreceivechemical andparticulateinput from groundwater, surfacewaterand
atmospheric sources. Chemicals from these sources can sorb to particulate matter and become
concentrated in the sediments and sediment porewater (Tessier and Campbell 1987). Because
sediments tend to accumulate both inorganic and organic chemicals, they can become a source of
direct contaminant exposure to benthic organisms (Tessier and Camplell 1987) or affect other
aquatic species by becoming bioavailable through leaching, resuspension, or food chain accumu-
lation (Malucg et al. 1983; Allan 1986; Belton et al. 1986). However, site-specific factors can
influence the bioavailablity and potential exposure of sediment contaminants to aquatic life. For
example, the organic carbon content of the sediment is a key factor influencing the bioavailability
of nonpolar contaminants. Metal availability is influenced by metal oxides (Fe and Mn) and
sulfides in addition to organic content in the sediment. Grain size, hydrodynamic factors, and
residence time also influence the exposure of aquatic organisms to _nt pollutants (Zarba
1988). Although sediments accumulate pollutants and contaminated sediments have resulted in
adverse impacts to aquatic systems (U.S. EPA 1990), there is no generally accepted definition of a

(a) Pacific Northwest Laboratoryis operated for the U.S. Department of Energy by Battelle
Memorial Institute under Contract DE-AC'06-76 RLO 1830.



contaminated sediment ( U.S. EPA 1992a; NRC 1989). Working definitions include the presence
of pollutants above levels expected in the absence of human influence (U.S. EPA 1992a) and the
presence of contaminants at concentrations that pose a known or suspected environmental or
human health threat (NRC 1989). These definitions differ significantly relative to the potential
levels of contaminant in sediment that would trigger consideration of remedial action. In practice,
the former definition considers the absolute concentration of the contaminant in the sextiment
regardless of its availability to aquatic organisms, whereas the latterdefinition focuses on the
bioavailable fraction. Different strategies for assessing and interpreting sediment contamination
have been develope£1in response to these different definitions.

1.3 Hartford Sediments

The strong currents and frequently fluctuating water levels of the Columbia River as it passes
through the Hartford Site result in a scouring hydrologic environment. Sediments do accumulate in
slack-water areas such as the White Bluffs Slough, the slough area downstream of the 100-F Area,
the Hartford Slough and several deep holes in the channel. Other important areas of sediment
accumulation occur below Coyote Rapids and 100-D Area as a result of the daily fluctuation in the
fiver level and the spring freshet. Radionuclide and trace metal contamination have been docu-
mented in the shoreline softs and sediments of the Hanford Reach (Cooper and Woodruff 1993).

Sextittmntsof the Columbia River support representatives of all major freshwater taxa. The
dominant benthic organisms in the Hartford Reach are insect larvae of the Trichoptera (caddisflies),
Chironomidae (midge flies), and Simuliidae (black flies) families. Numerous fish species inhabit
the Hartford Reach, all of which rely on the benthic biota as an important food some. Of
particular economic importance arc the salmonid species (chinook salmon, sockeye salmon, coho
salmon, and stcclhead trou0 that migrate through or spawn in the area (Cushing 1990).

1.4 Sediment Quality Criteria

Management of contaminated sediments requires criteria for interpreting the significance of
contaminant levels in sexlimcnt as they relate to ecosystem and human health protection and to
remcdiation choices (e.g., the risk of disturbing sediment for rcmcdiation activities weighed against
the risks of leaving it in place). Interpretation of the degree of contamination must take into
account technical results, societal values, the potentially exposed food webs and populations, and
the current use and proposed uses of the contaminated area. Unfortunately, acceptable contamin-
ation limits that establish the extent of sediment cleanup necessary to protect the environment and
public health have not been determined for most toxic substances. Initially, the U.S. Environ-
mental Protection Agency's (EPA's) well documented water-quality criteria were thought to be
capable of protecting aquatic systems in themselves. However, ecosystem degradation has been
observed in aquatic systems where the water quality criteria have not been exceeded (Lyman
1987). It is now generally accepted that water quality criteria must be augmented with sediment
quality criteria (SQC) to protect epibcnthic and benthic infaunal organisms and their associated
food webs. Ideally, sediment criteria would produce guidelines that provide threshold effect levels
for sensitive and ecologically important benthic and epibcnthic organisms and take into account
site-specific factors including the hydrologic environment, physicochemical conditions of the
sediment, the potential for human exposure, and subsequent land or water uses.



2.0 Approaches for Determining Sediment Quality

Sediment quality assessment is a relatively young science. One of the fast efforts by the
scientific community to address sediment assessment issues was the Pellston workshop on the
"Fate and Effects of Sediment-Bound Chemicals in Aquatic Systems" in 1984, the proceedings of
which were published in 1987 (Dickson et al. 1987). Assessment techniques have progressed
significantly since this first effort and several approaches to evaluate sediment quality have been
published. In recent years, a number of programs have been initiated in the United States and
Canada to specifically develop SQC for the protection of aquatic enviromncnts and human health.
Of particular importance to the identification, development, and evaluation of SQC methods has
beenthePugetSoundEstuaryProgramandthePugetSoundDredgedDisposalAnalysisinitiative
supportedbytheStateofWashingtonDeparunentsofEcologyandNaturalResources,theU.S.
EPA, andtheU.S.Army CorpsofEngineers(PTI1988),theCanada-OntarioAgreementforthe
protection of Ontario aquatic systems supported by Environment Canada and the Ontario Ministry
of the Environment, and the large effort by the Criteria and Standards Division of the U.S. EPA,
asauthorizedbytheCleanWaterAct(CWA, 1972,Sections104and304),todevelopand
implementSQC analogoustoEPA waterqualitycriteria.Generally,theapproachesidentifiedand
evaluatedasaresultoftheseprogramsfallintooneoracombinationofthefollowingcategories:
1)backgroundapproaches,2)porewaterapproaches,3)equilibriumpartitioningapproaches,and
4)biologicalsamplingapproaches.Severaloftheseapproachesarebeingconsideredforinclusion
inregulatoryprogrmns.An equilibriumpartitioningapproach,amethodusingbioassays,andan
approachsimilartoEPA'swaterqualitycriteriaarecurrentlylacingevaluatedbyU.S.EPA foruse
onanationallevel.OtherscientificallyvalidandacceptedproceduresforfreshwaterSQC includea
BackgroundConcentrationApproach,aScreeningLevelConcentrationApproach,theSite-
SpecificSedimentQualityAssessmentApproach,theSpikedBioassayApproach,theSediment
Quality Triad, the International Joint Commission Sediment Assessment Strategy, and the National
Status and Trends Program Approach. Each of these SQC approaches arc summarized in the
following sections. The advantages and disadvantages to the application of the procedures to
Hartford Site sediments are discussed in Section 3.0.

2.1 Numeric Approaches Under Consideration for Application at
the National or Regional Level

Three approaches to sediment quality assessment are being considered for application at the
nationalorregionallevelbytheU.S.EPA andlocalregulatoryagencies.Theseapproacheshave
beendesignedtoprovidegenericcriteriathat ideallycanbeappliedtoallsedimentstoprovide
realistic(oratleastconservative)assessmentsofecosystemhealthandadequateprotectionof
benthicspeciesandhuman health.Two oftheseapproaches,theWaterQualityCriteriaApproach
andtheEquilibriumPartitioningApproach,make useofthelargedatabaseincorporatedinambient
waterqualitycriteriatoassesssedimenttoxicity.Theuseofwaterqualitycriteriaforsediment
assessmentisbasedonthestrongcorrelationbetweenconcentrationsofcontaminantsinporewater
(theinterstitalwaterofthesediment)andboththeobservedexposureofbenthicorganismstosedi-
mentcontaminantsandtheobservedtoxicitytoaquaticorganisms.Thecorrelationbetween
contaminantconcentrationsinsedimentparticlesandtoxicityislow(Luoma1983;DiTore1989).
Theequilibriumpartitioningapproachisapredictivemethodthatestimatesthebioavailablecontam-
inantconcentration(i.e.,contaminantconcentrationinporewater)frombulksedimentcontaminant
levelsandcomparesthesetoexistingwaterqualitycriteria.Inthewaterqualitycriteriaapproach,
directmeasuresofporewatercontaminationaremade andthesevaluescomparedtothewater
qualitycriteria.The thirdnumericapproach,theApparentEffects11Lresholdmethod,usesfield



data on sediment contamiant concentration and at least one indicator of biological-effect_ioavail-
ability to determine the contaminant concentration in sediment above which statistically significant
biological effects always occur. The threshold values arc empirically derived from field data of
biological effects paired with sediment chemistry. More detailed descriptions of these methods are
provided in the following sections.

2.1.1 Equilibrium Partitionin_ Approach

The Equilibrium Partitioning (EP) Approach uses existing water quality criteria together with
estimated bioavailable concentrations of the chemical to predict toxicity to benthic organisms. It is
based on the observation that, for the most part, concentrations of contaminants in porewater
correlate closely with toxicity, whereas concentrations in sediment do not (Luoma 1983; Di Toro
1989; Adams et al. 1985; Kemp and Swartz 1986; Swartz et al. 1990). Indeed, the toxicity of
different sediments can differ by factors of 50 or more for the same total concentration of chemical.
Several equilibrium partitioning approaches have been proposed to quantify the bioavailability of
chemicals in aquatic systems. Each method attempts to model the tendency of a chemical to move
from the .solidphase of the sediment to the porewater. The equilibrium partitioning approach
assumes toxicants in the solid phase of sediments will reach an equilibrium with the .porewater, that
equilibrium has been reached at the time of sampling, and that equilibrium concentrauons can be
predicted from the chemical and physical propertiesof the sediment.

The partitioning of a contaminant between sediment and water is expressed mathematically as
a sum of the surface interactions that associate a contaminant (C) with a sediment (S). The total
surface concentration of the contaminant ([CS]T) is expressed as:

[CT]T = X 5".KCi Sj [Ci][Sj] with Ci + Sj<=> qSj with Kcisj = [CiSj]/[CiSj] (1)

where Ci represents the different forms of the contaminant and Sj the components of the sediment
capable of binding the contaminant. CiSj is the number of surface sites of component j associated
with the contaminant form Ci and where K CiSj is the eq-ilibrium constant (i.e., the intrinsic
adsorption constant for the reaction). For nonpolar hydrophobic organic chemicals, bioavailability
is largely controlled by the amount of organic carbon in the sediment. Metal bioavailability is not
only influenced by organic carbon, but by the large sorptive capacity of oxides of Fe and Mn,
which coat sediment particles (Jeanne 1968, 1977; Luoma and Bryan 1981; Oaldey et al. 1980).

Substituting the appropriate chronic water quality criteriavalues for [Ci] and measuring all [Sj]
with known values for KCiSj will give the SQC for the contaminant. The appropriate water
quality criteria arc usc_to estimate the potential biological effects of the contaminant concentration
in the sediment. Thus, the SQC generated by this method is a sediment concentration of a
particular contaminant that corresponds to a porewater concentration equivalent to the U.S. EPA
water quality criterion.

General Advantages

The EP Approach is useful for establishing general sediment criteria and provides a standard
basis for comparison within and among sites. It incorporates a large toxicity data baseby making
use of the water quality criteria effects data. By using simple chemical parameters of the sediment,
such as organic carbon content and the sediment-water partition coefficient, the method accounts
for contaminant bioavailability and can be used to evaluate most sediments. This method provides
better prediction of biological impact than do bulk sediment concentrations and could be used to
predict bioaccumulation potential from the bioconc, ntration factor once the concentration in



porcwat_"hasbeenpr_cted fromthebioavailableironnormalizationcoefficient(Tessier 1984)
and/orthe carbon-normali_dpartitioncoefficient(SwindollandApplchans1987).

General Disadvantages

TheEP methodcannotbe usedfor chemicalsfor which there is no toxicitydata. It is further
limitedto contaminantsforwhichbothwaterqualitycriteriaandsediment-waterpartitioning
coefficientshaveb_n determined. Also, directapplicationof the waterqualitycriteriato this
_nt method is validonly ff thereis a singledominanttoxicant in the sediment. This approach
does not accountfor unmeasuredtoxicants,complex mixtures,or chemical interactions. Exposure
of benthic organisms to sedimentcontaminants by ingestion of particlesor direct
absorption/adsorptionfrom sediment is also unaddrcsscd.

Because each environmentalcompartment(sediment,porcwater,biota) is made up of a
number of componentsthat influence the partitioningof chemicalsbetweencompartments(see
equation 1)or for which little orno partitioninginformationexists, it is difficuit to accura_ly
describe the partitioningin a generic aquatic system. However,this problemmay be minimizedby
site-specific information.The complicatingfactorsof the biotic compartmentincludethe number
of species and individuals present and the variousgrowth stages of the organisms. Sediment
componentsof concern arc the presence of oxides or hydrousoxides of Fe, Mn, AI, and Si, metal
carbonates,metal sulfides,re,active particulateorganic carbon,and the clay Wpcs. Although the
technical approachesfor developing SQCfor nonpolarorganicsarcavailable and have been evalu-
ated, the methodsfor metal contaminantsarcstill underdevelopment.

The assumptionthat porcwateris the sourceof contaminantuptake in benthicbiota can be
challengedbecause,inmanysediments,theporcwaterisahostileenvironmenttoaquaticbiotain
thatitisdevoidofoxygenandcontainshighlevelsoftoxicsulfidesandammonia(I.e.cetal.
1992).Itcanbereasonablyarguedthattheorganismsmustbcobtainingcontaminantburdens
from some sourceother than the sedimentporcwater.

Although equilibriumis assumed, in the aquatic systemof interest,sediment and water
concentrationsof the contaminantmay actuallynot bc atequilibrium(Lecet al. 1992).

Extent of Use

This method is widely accepted and will be adopted by U.S. EPAfor developing national
SQC (U.S. EPA 1992b). Five criteria for nonionic organiccontaminants have been developed for
protection of benthic organismsand will bc proposed forpublic conancnt in 1994. A total of 12
interimand draftSQC areavailable at this time. The Science AdvisoryBoardis currcndyreview-
ing methodology for developing SQC for metal contaminantsusing this approach.

Reliability of Results

Reliabilityof the data generatedby the EP Approachhas only been evaluated for nonionic
chemicals. This approachis applicableto sedimentsonly if the organic carbon content of the
sediment is > 0.2% (Kempand Swartz 1986; Swartzct al. 1990). The uncertaintyassociated with
thepartitioncoefficientsandthewaterqualitycriteriaarctheprincipaluncertaintiesassociatedwith
theEP Approach.Fornonpolar,organicchemicals,thelogl0standarderrorofthepartitioning
coefficientis0.38(DiToro1985).ThedraftandinterimSQC developedthusfararcbracketed
withuncertaintyvalues.Thewaterqualitycriteriaarcusedforeffectlevelsandthelevelof
uncertaintyof each of these criteriaarcestablished. (Thewater quality criteriaareconsideredto bc
protective of 95%of the organisms.) However,Kruegerct al. (1987) reportthat uncertatinty for
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individualcontaminantsvaryfrom less thatoneorderof magnitudeto six ordersof magnitude.
Fieldvalidationof the EP Approachappearsto be consistentwith the SQCbeing testedatthis time.

Level of Effort

No biologicaldataarerequiredfrom the site. Effortis relatedto the collection of represen-
tativesedimentsamplesand chemicalanalyses. If thesedim_:ntconcentrationof a particular
contaminantis withinthe degreesof uncertaintythat bracketthe waterqualitycriterian,then
additionaltestingmay be neededto clarifythe risk.

Relative Cost

Costsare largelyassociatedwiththecollection of site-specificchemistrydata.

2.1.2 Water Quality Criteria Approach

IntheWaterQualityCriteriaApproach,sedimentporewateris analyzedfor individual
contaminantsandthe concentrationscomparedto existingwaterqualitycriteria. The basisfor
usingthis approachto assess sedimenttoxicityis the sameas that for theEP Approach,i.e., the
strongcorrelationbetweenconcentrationsof the contaminantsin the porewaterand boththe
observedexposureof benthicorganismsto sedimentcontaminantsand the observedtoxicityto
aquaticorganisms.

Thisapproachis bestusedin combinationwith theToxicity IdentificationEvaluation(TIE)
methodsdevelopedby the U.S. EPA (Mountand Anderson-Carnahan1988a, 1988b;Mount 1988;
U.S. EPA 1991) to identifyandquantifycontaminantsresponsiblefor sedimenttoxicity. These
proceduresinvolvechemical andphysicalmanipulationsof the porewaterthat, in conjunctionwith
toxicity tests, separatethe toxic fractionsfromnontoxicfractionsandfurtherdistinguishthe
genericclass of toxic compoundspresent (e.g., oxidants, volatiles,cationic metals, nonpolar
organics,polarorganics,substanceswith pH-dependenttoxicity). Chemicalanalyses areper-
formedon theisolatedtoxicantsfor identificationof potentialtoxic components,thena seriesof
toxicantconfirmationtestsareconductedto confirmthe suspectedchemicalsor elementsarethe
actualtoxicants, followed by standardanalysesof the concentrationsof the toxins in the samples.

General Advantages

Thereis an extensivedata baseon the toxicityof manychemicalsand theireffect on a number
of aquaticspecies. Therearemore waterqualitycriteriaestablishedthan there arc for sediment
quality. In addition,thismethodcan be usedto predictacuteand chronic(growthand
reproduction)effects of the sedimentonaquaticorganisms. In combinationwith the TIEproce-
dure,this approachcanidentifycontaminantsresponsiblefor the observedeffects andevaluate
interactiveeffects (synergistic,additive,antagonistic)amongvarioustoxicantspresent in pore-
water. However, the TIEproceduresareapplicableto acutelytoxic sampleso_y. The Water
QualityCriteria/1_ approachis the only approachcurrendyavailablethat allows for the identifi-
cationof specific toxicants. The methodis suitablefor evaluatingnonpolarorganics,ammonia,
and cationicmetals (Adamset al. 1985;Swartzet al. 1985, 1988, 1990;Knezovichand Harrison
1988;ConneUet al. 1988"US. EPA 1989a;Anldey et al. 1990, 1991;DiToro et al. 1990).



General Disadvantages

Because few studieshaveevaluatedporewatertoxicity, no standardmethodsforporewater J
preparationareavailable. Thisapproachis furtherlimitedby thecriteriaavailablefor waterquality;
thus far, there arewatercriteriafor only 50 chemicals. Even fewerhavebeen established for
sedimentquality. Anotherlimitationof thismethodis the relianceon nectonic organismresponse
for waterqualitycriteria,whereassedimentqualityis basedonthe responseof benthicorganisms.
SQCdevelopedfrom thisapproachwill likely be overprotectivein thatthe waterqualitycriteria
wereestablishedin sediment-fr_ systems. This is becausemanycontaminantsbindto sediments
suchthattheirbioavailabilityis greatlyreduced. On theotherhand, this approachprobablygreatly
underestimatesthe riskto benthicorganismsthatingest particlesor arein directcontactwith
contaminatedsediments. Also, the compounds identifiedas being toxic to test organismsin the
laboratorymustbeverified as theones causingtoxicityto organismsin the field. The Water
QualityCriteriaApproachcannot beused to addressbioconcentratabletoxicants. TIEprocedures
have only recentlybeen developedforaqueous samples and have not yet been widely used for
sediment toxicity assessment. Because TIEproceduresrelyon acute toxicity tests, this method
cannot be used to identifysedimentcontaminants that result in chronictoxicity.

Extent of Use

The WaterQualityCriteriaApproachhas been usedfor sedimenttoxicity assessment (Adams
et al. 1985; Swarmet al. 1985, 1988, 1990; Giesy et al. 1988; U.S. EPA 1989; Hoke et al. 1990;
Schubauer-Beriganand Ankle},1991). The TIEprocedureshave also been successfully applied to
sedimenttoxicity evaluation (Ankleyet al. 1990, 1991b; Schubauer-Beriganet al. 1990;
Schubauer-Beriganand Anldey 1991).

Reliability of Results

Accuracyandprecision areusually high for this laboratoryapproach. The complexityof the
sampleandthe numberof contaminantscontributingto sedimenttoxicity may complicate
interpretationof theresults of the TIEmethods;however,resultsof theWaterQualityCriteria
Approachitselfarestraightforward.TIEprocedureshavesuccessfullyidentifiedacutelytoxic
contaminantsinover90% ofthesedimentstested.Littlefieldvalidationhasbeenconductedfor
this procedure.

Level of Effort

Field sampling,porewaterpreparation,toxicity tests andTIEprocedures,includingchemical
analyses,are requiredto generateresults. The level of effortis largely dependenton the TIE
proceduresneeded.

Relative Cost

Costof conductingthe WaterQualityCriteriaApproachproceduresis relatively low.
However,costs will escalatewith applicationof TIEandincreasing complexityof the toxicant
mixtureandchemicalidentificationand quantificationmethods.

2.1.3 Apparent Effects Threshold Approach

The apparenteffects thresholdcriteriaarcbasedonobservedrelationshipsbetweensediment
contaminantconcentrationand biologicaleffects (Barrick¢t al. 1989). Biological effects maybe
determinedby bioassaysor evaluationof benthicinfaunalcommunitystructure. Specifically,for
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eachchemicalof concernthe concentrationof the chemicalabovewhich a statisticallysignificant
biologicaleffect (relativeto referenceconditions) is observed(theapparenteffects threshold
concentration)is used as the criterion(TetraTech 1986). The criterionis establishedon a defined
speciesusinga defined endpoint. The informationneededto establishthe criterionis obtained
fromfieldand reference samples. First, matchedchemicalandbiological-effects dataon sub-
samplesof the same field sampleare obtained. These data are then compared to those obtained
fromreference sediments(uncontaminatedsediments). The apparent effects thresholdvalue is
determinedto be the highestdetectedconcentrationamong the secant samples that did not exhibit
statitisically significanteffects for a given bioindicator,but abovewhich significanteffects occur.
The assumptions on whichthis method is based are: 1)if the tla_shold concentration of a chemical
or element is exceeded,any observed effects are caused by that chemical or element, 2) effects
observed at concentrationsbelow the thresholdconcentration areattributable to other toxicants,
3) all the observed adverse effects are caused by a single toxicant (i.e., the most toxic chemical or
element in a mixuzre),4) the most toxic contaminant in a mixture of contaminantscan be identified
and its concentrationdetermined withouterror.

This approach has been used for management decisions concerning marine di-edging,
superfundcleanup, pollution control efforts, and classifyingmarine sediments by both the
U.S. EPA and the Washington State Department of Ecology (Albrightand Malek 1990). There is
a strong impetus by North American governmentsto use the ApparentEffects ThresholdApproach
for establishing marine SQC.

General Advantages

Criteriaarcfield basedusingbothchemicalandbiologicaldata.The method is applicableto
any quantifiablechemicalandsedimenttype andcan be used topredicteffects on any life stagefor
which there is a measurableresponseassay. It does not assumea specificrouteof uptakeand
effectively uses existingdata(e.g., data fromTRL_ studies). There is historicalprecedencefor
its use for establishing SQC.

General Disadvantages

The Apparent EffectsThresholdApproachis similar to the screeninglevel concentration
approach and/or the field bioassay approaches,and suffersfromthe samelimitations (see
Sections 2.2.2 and 2.2.3). The criteriaaredevelopedon a toxicant by toxicant basis, not
accountingfor multiplechemicaleffects. It is unlikelythat the assumption that all theobserved
adverseeffects are caused by a single toxicant is oftenmet in the field. This approachis limitedto
_nts that do not contain contaminantswith similarmodes of toxicity, a condition that is not
met, for example, in sedimentscontaining severalmetals orradionuclides. GiUam(1990) showed
that sedimentspredictedto be toxicby ApparentEffectsThresholdApproachcriteriafor several
metals and PAHs werenot toxic to aquatic invertebrateswhen tested, indicating that assumption
that sediment toxicitycould be attributedto individualcontaminantsin a complex mixturewas not
valid. In addition,a large data base is requiredpreferablyfor the same species,endpoint and
collection protocol. Thisdata base doesnot currentlyexist for many benthicspecies, or for many
toxicants. Normalizationof the data to eliminatevariationcaused bylocal sedimentparametersis
difficult. Indeed, the indicatorspecies arenot independentof the sedimentand are known to
c.ovarywith severalparametersincludinggrain size andorganiccarboncontent of the sediment.
Choice of the biological effectsindicatoralso greatlyinfluences the ApparentEffectsThreshold
value.



Extent of Use

The Apparent Effects Threshold Approach is accepted by federal and state agencies to provide
guidelines for regulatory decisions. It has wide application in sediment management program in
the Pacific Northwest. This approachhas be used in several projects to generate SQC for the
protection of Puget Sound aquatic biota. Washington State has promulgated over 60 SQC from
this approach, which have been approved by EPA, Region X. These standards include values for
PCBs and I0 metals in the Puget Sound area.

Reliability of Results

In practice, two sets of values are usually generated from the Apparent Effects Threshold
Approach. One set identifies low contaminant concentrations below which no biological effects are
likely to occur;,the other set describes concentrations above which multiple effects are likely.
Direct biological testing of concentrations between these two values serve as a means accounting
for the uncertainty of chemical predictions.

The accuracy with which the Apparent Effects Threshold Approach predicted the presence or
absence of adverse biological effects in field samples from the Puget Sound ranged between 85 to
96% (Mount and Anderson-Carnahan 1988a). Barricket al. (1988) evaluated the reliability of this
approach using Puget Sound data. These researchers found that 68 to 83% of all the stations
predicted to have adverse effects were found to be impacted. The magnitude of the uncertainty
associated with SQC generated by this method is typically less than one-thi_ to one-hatf of the
value of the SQC. Field validation in the Puget Sound has been extensive (Barrick et al. 1989).
However, threshold values determined by this method have been found to be confounded by
correlated distributions of other contaminants within the same seAiment. Therefore, application of
SQC determined by the Apparent Effects Threshold Approach must be restricted to areas where the
co-occurence/coneclation relationships among contaminants are similar.

This approach is most accurate when developed from a very large data base that includes a
diverse group of measured contaminants and a wide range of contaminant concentrations. Small
data sets with large concentration gaps or narrowcontaminant conconcentration ranges will
increase the uncertainty of the thresholdlevels.

Level of Effort

Generation of SQC by this method is labor-intensive. To ensure adequate predictive capa-
bilities a minimum of 50 stations should be sampled for chemical and biological effects (Barrick
et al. 1989). In addition, suitable reference areas must also be sampled. Chemical tests over a
wide range of chemicals most also be conducted.

Relative Cost

Costs can be very high for this method. However, limiting the range of chemicals tested (if
contaminants are known) and the numberof biological indicators for each station greatly reduces
the cost.



2.2 Other Important Approaches to Sediment Quality Assessment

In addition to the three methods thatare being considered by the U.S. EPA and other
regulators for establishing numeric SQC, several other assessment strategies have been or are
being used for sediment management and remediation criteria. Two of these methods use
bioassay techniques to determine dose-response relationships between surrogate aquatic species
and contaminated sediments. In the Site-Specific Sediment Assay Approach, field-collected
sediments with known concentrations of contaminants are used. The Spiked Bioassay method
uses sezliments spiked with known amounts of contaminants. A third strategy, the Screening
Level Concentration Approach, uses field data to delineate the relationship between the occurrence
of endemic benthic species and specific levels of sediment contamination. The Background
Approach has been used to set concentrations standardsbased on existing concentrations in local
unimpacted sediments or on concentrations in pristine sediments. The three remaining approaches
integrate sediment chemistry data with toxicity bioassays, and benthic infauna assessments to
establish SQC. More detailed descriptions of these assessment strategies are provided in the
following sections.

2.2.1 Background Concentration Approach

In this approach the concentrations of contaminants in a suspoct sediment are compared to
"background" concentrations in reference sediments determined to be unimpacted (Mudroch et al.
1986). The suitability of a reference or "background" sediment is determined by the presence of
indicator organisms and is often obtained from a remote site (Persaud et al. 1989). However,
historic concentrations, as determined from sediment cores, must be used for metal backgrounds
because of the geographic variability of natural concentrations of heavy metals.

General Advantages

The background concentration approach has little application to synthetic organic contaminants
but is advantageous in that it requirer little information and provides benchmark values for
evaluating heavy metal accumulations.

General Disadvantages

This approach is generally not useful because its lacks a strong biological base, cannot be
applied to synthetic organic compounds, and pivots around the use of an acceptable reference back-
ground sediment that is often difficult to establish. The approach also suffers from inconsistent
definition of background and lacks explicit rationale for environmental protection goals (Fitchko
1989). Note: the Background Concentration Approach can be applied to naturally occurring
organic compounds such as polycyclic aromatic hydrocarbons (PAH)).

Extent of Use

Sediment criteria established by regulatory agencies typically is based on this approach
(Fitchko 1989).
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Reliability of Results

Becausethis approachis basedon comparisonsto areferencesediment,adequacyand
acceptibilityof thereferencestandardgreatlyinfluencesthereliabilityof the results. Becausethe
methodisnotbasedonbiologicaldamanddoesnotaccountforbioavailabilityofthe contaminants,
its abilityto predictbiologicalimpactis limited.

Level of Effort

The level of effort is minimal,requiringonly chemicalanalysis of suspect and reference
sediments.

Relative Cost

Because of the minimalamountof informationrequiredcomparedto most of the other
approaches,the relative cost of the BackgroundConcentrationApproach is minimal.

2.2.2 Screening Level Concentration Approach

The ScreeningLevel Concentration approachis basedon the comparisonof contaminant
concentrationswith the benthicorganismdistributionsin the same seAiment(Neffet al. 1988). It
attemptsto estimate the greatestconcentrationof a toxicant that will be toleratedby about 95% of
the benthic infaunal species (i.e., the thresholdconcentration). To accomplish this, the frequency
distribution of toxicant concentrationsat a minimumof twenty locations and fora minimumof ten
species is determined(Neff et al. 1988). Theconcentation below which 90% of the samples
contain a particularindividualspecies is determined.This value is the Species ScreeningLevel
Concentration(SSLC). The SSLCfor at least ten species arethen comparedto determinethe
contaminant concentrationabove which 95% of the SSLCs occur (i.e., the ScreeningLevel
Concentration). Because a thresholdconcentrationis being determined,the sampling locations
must encompass the full range of concentrationsforeach contaminant toleratedby the organisms.
Calculationsare basedon a graphicplot and cumulative frequency distributionof species occur-
rence versusconcentrationof specific contaminants.

General Advantages

The Screening Level ConcentrationApproachprovidesthresholdtoxicity data and,because
synergismsand responsesto unidentifiedor unquantifiedcontaminants arenot considered,this
approach results in SQC that areconservative. Because it is basedon directmeasurementsof"
benthic organisms,this method is directly applicable to the protection of aquatic biota. It provides
anaccuratepictureofthehealthofthesystembeingassessed.Beingacorrelationmethod,little
biasintheresultsisobtainedfromsedimentparametersorsimultaneousexposuretornultiple
contaminants.(Thiscanalsobeanegativeattribute;seebelow.)

Normalizationofthedata(e.g.,tothetotalorganiccarboncontentofthesediment)tocorrect
forcontaminantavailability,allowsforthederivationofmoreglobalSQC ifthespecifictoxicants
areknown.

GeneralDisadvantages

TheSQC developedbytheScreeningLevelConcentrationApproachmustbedevelopedona
chemicalbychemicalbasis.Exposurestomultipletoxicantsarcnotaccountedforinthis
procedure.Ifseveralcontaminantsoccurinthesedimentsatconcentrationsnearthethresholdof
effects,theaccuracyandprecisionofcriteriadevelopedbythismethodwouldbeadversely
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affected. In addition, differences among benthic populations and/or endpoint responses cannot be
concluded to result from, or be solely due to, contaminants in the sediments. This is because a
wide range of natural physicochemical parameters (e.g., grain size, temperature, ammonia, pH)
thatare usually not fully quantified for the test sediments can alter, even eradicate, invertebrate
populations. Other uncertainties involve extraction and analysis efficiency, and bioavailability of
the toxicants in situ. (BeUaret al. 1980; Hoke and Prater 198_, Samoiloff et al. 1983). Therefore,
the predictive power of this approach is low and threshold values determined by this method may
either have little potential for protecting local populations or could be too protective. Criteria
established by this method would have to be verified by a bioassay approach.

This approach is data-intensive and involves a numberof uncertainties that render this method
less useful compared to other methods for establishing SQC.

Extent of Use

The Screening Level ConcetrationApproach on its own has received little use in sediment
quality assessments. However, it has been used to verify results of the Sediment Quality Triad
Approach.'

Reliability of Results

If several contaminants occur in the sediments at concentrations near the threshold of effects,
theaccuracyandprecisionofcriteriadevelopedbythismethodareadverselyaffected.No
comparabilitystudieshavebeenconductedtodete,w_e accuracyandprecisionofthemethod.

Level of Effort

This method is relatively labor-intensive. The separation, sorting, preparationand identifi-
cation of benthic macroinvertebrates typically takes about 11 hours per station after sample collec-
tion. Dependingonthepotentialnumberofcontaminantsinthesediment,thechemicalanalyses
can also be extensive.

Relative Cost

Chemical analyses can be costly, unless relatively few toxicants are present in the sediment.
Combinedwiththenumberoflaborhoursnecessarytoestablishspeciesoccurrence,thismethodis
moderately cosily.

2.2.3 Site-Specific Sediment Quality Assessment

Site-specific SQC are based on a multiphase chemical and biological assessment of the site.
The first phase determines the general suitability of the site for colonization by benthic organisms
by measuring simple chemical and physical properties of the sediments. For example, the presence
of sulfides or ammonia will restrict benthic invertebrates from colonizing sediments and may mask
the effect of other contaminants (Ankley et al. 1990). Indeed, as a common contaminant of sedi-
ments, the effects of ammonia should be accounted for before other causes of toxicity can be
determined (Baudo et al. 1990). Those properties to be measured or obtained from historical data
should, at a minimum, include dissolved oxygen, pH, total ammonia, total sulfides, and particle
size of the sediments (U.S. EPA 1988). Values of these sediment properties that may influence
site-specific bioassays are listed in Table 2.1.
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Table 2.1 Sediment Properties that Influence Site-Specific Bioassays

Ammonia (LD50_(a) Aci¢l Volatile Sulfides (AVS) Particle Size

Species

Fatheadminnows Concentrationof metal._VS = no toxicity Concentrationof contaminants
(Pimephalespromelas) Molarsumof all metalsin sediment< molar decreasewithincreasingparticle

1.04 rng/L acidAVSconcentration= notoxicity(b) size.

8 mg/Lc Toxicityassociatedwithparticles
particles< 63 _tand> 300 _t(c)

(a) Valuesarefor48-honrand96-hourexposures.Ammoniais moretoxicathighpHvaluesthanatlow values
(e.g.,at levelscausing50%mortalityin minnowsand C.dubia whenthe pHwas8.5. no mortalitywasseenat
pH6.5; Ankleyel al. 1990).

(b) DiToroet al. 1992.
(¢) Contaminantsassociatedwithparticles> 300 _tareretainedlongestingivenlocationbecausetheyareless

affectedbyscourandtransport(WilherandHunter1970).

The second phase involves a batteryof bioassays to determine the toxicity of the field-
collected sediments (not laboratory-spiked sediments) and is referred to as the "field bioassay"
approach. Surrogate species are used in the tests and the response of these species to the field-
collected sediments are then compared to their response to reference sediments. The test battery
includes bioassays to determine direct toxicity of the sediments, long-term effects, such as
teratogenicity and rnutagenesis, bioaccurnulation potential, and biochemical effects. Table 2.1
provides a relative rankingof the usefulness of currently used and proposed sediment toxicity
screening bioassays as adapted from Giesy and Hoke (1989).

Because no single assay has been shown to adequately project the impact of contaminants in
an aquatic system, a battery of bioassays is usually recommended to maximize the predictive
capability of the Field Bioassay Approach (Williams et al. 1986). Table 2.2 provides a relative
ranking of the characteristics of currently used and proposed sediment toxicity screening bio-
assays.

General Advantages

Because of its ability to identify sediments of toxicological concern, the Field Bioassay
Approach by itself can be used to direct cleanup efforts. Screening bioassays have been found to
be useful, cost-effective tools for mapping sediment toxicity, both horizontally and vertically, for
identifying and prioritizing toxic sites for additional tests or remedial action, andfor monitoring
rernediation efforts (Praterand Anderson 1977; Hoke andPrater 1980; Malueg et al. 1984a,b;
Chapman et al. 1987; Giesy et al. 1988).

In general, sediment bioassays for screening purposes are simple, rapid, and inexpensive. In
addition to the screening assays, definitive tests that evaluate sublethal effects (e.g., growth and

• reproduction), can provide predictive information for ecological impacts such as altered species
distribution and community structure. The discriminatory power of the assays can be increased by
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Table 2.2 Relative Ranking of Sediment Toxicity Screening Bioassays (adapted from Giesy
and Hoke 1989).

Charactexistlc

_y _table Relatabletobmzx fat itt_t _ R_,bl_ _ V:u/dY,f_ BMuitl_o..,q_ R_f_n_s

MICROBIAL

Polym_® 4(a) 4(b) 4 2 2 I I I Elnabartwy et aL 1988
M/mtox@ 4 4 4 4 3 I I I Bul/ch 1984

Gimy et tl. 1988b
ProUNmanAssay 2 3 2 2 3 4 2 1 Cairns 1979
A_tl FlaskAssay 3 3 3 3 3 2 2 2 U.S.BPA 1978

"__""_sa"_"_" 3 4 3 3 3 2 2 2 Blaise e, aL1986
AlS./Flow

Cymmeeny 1 4 2 3 3 2 2 2 Berglund a al. 1988
Algtl ETS Aaay 4 4 4 2 3 2 2 2 Rawmn et al. 1987

INVER'n_RATES
OlJgoehaeteAmy 3 3 3 2 2 4 4 2 Homing 1980

Keflty et tl. 1988a
Chapman & Brinkhum 1984

Mollusk Amy 2 1 2 2 2 4 4 2 Daubte et tl. 1985
Amphipod Assay 2 2 2 2 2 4 4 2 Neheket et tl 1986

Daphxia Malxa
A,fflay 3 3 3 4 3 3 3 4 Sc,huytema et al 1984

Nebeker et al. 1984
Ceri_odaphnia
dub/a Assay 3 3 2 3 4 3 3 3 Heke et a£ 1990

HexaBenia Assay I 2 1 2 4 4 4 2 Prater& Ande_cm 1977
MaIueg et al. 1983
Gimy et al. 1990

BENTHIC INSECTS
Chivonomu,_
_ataM Amay 2 2 2 3 2 4 4 2 Wmuusl et al. 1977

Adams et aL 1985
Giesy et tL 1988a

FISH
Pimephal_
promelaa Assay 2 2 2 3 3 3 3 4 Hoke et al. 1990

Dawson et _ 1988

(a) 1 = very expensive, 2 = expensive, 3 =modczate cmt, 4 = inexpemivc
(b) 1 = poor, 2 - fair, 3 = good, 4 = excellent

using a continuous response variable (e.g., weight gain) instead of a quanta] response variable
(e.g., mortality) (Giesy et al. 1988a).

The ability to test the actual sediments in question allows for more reliable prediction of impact
totheextantaquaticsystemandisadirectmeasureoftheintegratedtoxicityofthecontaminants.
Thisapproachcanbcusedforanychemicalcontaminantandallc!agsesofsediments.Useof
sexlimcntporewaterwouldenabledirectcomparisonswithexistingwaterqualitycriteria.

Datacanbcnommlizedtofactorssuchasacid-volatilesulfidesandorganiccarbon(Note:
thesenormalizationproceduresarcstillinthedevelopmentstage.)

Theoretically,anyorganismcanbeusedinthesite-specificbioassayapproach.Surrogate
_es areoftenusedinscreeningteststoreducetheuncertaintyandvariabilityobservedin
endemicorganismresponsebecausesurrogates,generally,areofamoredefinedandsimilar
geneticstock,nutritionalstatus,andtoxicantexposurehistory.However,surrogatespecies
responsemay notaccuratelyreflectimpactsonendemicspecies.Wheneverpossible,themost
sensitivebenthicspeciesinthecommunitybeingevaluatedshouldbeusedasthetestorganismto
protectthestructureandfunctionoftheentireecosystem(Beckeretal.1990).Inadditiontothe
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choice of test species, the selection of the biological endpoint allows the tests to be made as
sensitive or protective as needed. There are established bioassay procedures already in use for
dredged material characterization.

. General Disadvantages

The site-specific bioassays cannot be used by themselves to generate SQC. Identification of
the toxic agent or agents is not direct by this method andrequires additional chemical and physical
fractionation information. However, SQC can be established when the bioassay approach is
combined with the TRIAD or the ApparentEffects Threshold Approach (see below). Also, use of
the tiered TIE guidelines developed by the U.S. EPA for characterizing and identifying sources of
acute toxicity in complex effluents (Mount and Anderson 1988a,b) show promise as a method for
determining causes of toxicity in sediment porewater assays (Baudo et al. 1990).

Extent of Use

Site-specific bioassays are widely used by both research and regulatory communities and have
been tested in court. Because of their wide acceptance, standard procedures have been developed
for bioassay testing (ASTM 1990a, 1990b, 1990c). It is the basis for dredged material disposal
regulatory programs, effluent testing, and discharge monitoring (PSEP 1991; Reish andLeMay
1988; U.S.EPA/USACE 1991). Field bioassays find particular use when the effects of chemical
interactions are of interesL

Reliability of Results

As a laboratory-controUed method, the accuracy and repeatability of the test are high. More
than one type of organism should be used to ensure a range of sensitivity to various contaminants
that may be in the sexiiment. Some field validation of the Site-Specific Bioassay Approach have
been reported (Chapman 1986b; Plesha et al. 1988; Swatz et al. 1982, 1986, 1989). Using
multivariate principal components analysis to compare data from several bioassays of _nts
from the Detroit River, Giesy et al. (1988a) showed that any combination of two of the assays
used (Microtox®, Daphnia rnagna, and Chironomus tentans) accounted for greaterthan 95% of the
explained variance, whereas each separatetest accounted for only 60 to 70% of the explained
variance. Therefore, conducting more than two sediment bioassays appears to increase the cost of
a screening program without providing significant additional information. Baudo et al. (1990)
suggest that the minimum set of assays for screening _nts include Microtox® and Daphn/a
magna tests. These tests are suggested because the responses of algal assays have been found to
be highly correlated with the responses of the Microtox assay, indicating that both assays are not
needed (Baudo et al. 1990). The fish assays are not included because of the high correlation
(r = 0.98, Maid 1979) between the no observable effect level (NOEL) of D. magna and the
fathead minnow (Pimephales promelas) for chemicals of similar structure. A chronic, whole-
sediment assay that may be substituted for one of Microtox® or D. magna tests is the C. tentans
assay, which is a sensitive assay with good predictive power (Table 2.2). The more expensive
7-day fathead mirmow,Ceriodaphnia dub/a tests and chemical analysis can then be judiciously used
to potential causes andecological effects of the sediments identified as toxic in the screening tests.

Level of Effort

Lacking extensive chemical analysis or benthic community surveys, the level of effort is
small, involving field sampling and laboratory toxicity tests. Effort levels increase when this
approach is combined with other methods to identify and quantify contaminants responsible for the
observed effects.
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Relative Cost

This method is comparatively inexpensive and cost-effective because laboratory tests are
relatively simple, do not requirechemical measurements or analysis of benthic community struc-
ture, and integratethe effects of all toxic contaminants. Only readily available equipment and
standard procedures are needed for field sampling (ASTM 1990b).

2.2.4 Spiked Bioassay Approach

In the Spiked Bioassay Approach, dose-response relationships are determined by exposing
organisms to sediments thathave been spiked with known amounts of contaminants. Results are
compared with results from reference sediments. These laboratory concentration-response values
are then used to predict harmful levels to resident biota under field conditions.

General Advantages

The effects of both single toxicants andmultiple toxicants in _nts can be assessed by this
method. It is the only method that can directly quantify the interactive effects of combinations of
contaminants. Bioaceumulation and therefore uptake into food webs that ultimately affect human
health can also be predicted by this method. If the most sensitive species within the benthic
community can be determined and used in the tests, the criterion developed would then be protec-
tive of the structure and function of the entire ecosystem (Hansen and Tagatz 1980). A species
with comparable sensitivity could provide equivalent information. The Spiked Bioassay Approach
can be applied to all classes of sediments and any chemical contaminant. This method can be used
to determine the bioavailable component of the contaminants and can be used to validate other SQC
generated by other approaches if the normalization factor is known.

General Disadvantages

If the normalizing factor for bioavailability is unknown, the data produced by the Spiked
Bioassay Approach can be difficult to interpret. The assumptions that chemical behavior in the
laboratory test system is the same as that found in the natural sediments of interest and laboratory
results for a given sediment are representative of biological effects of similar sediments in the field
may, in some cases, be incorrect Also, laboratory-spiked sediments often have different sorption
properties than aged field samples.

Extent of Use

Procedures for standardizing the Spiked Bioassay Approach method are being developed in
several laboratories by ASTM's sediment toxicology subcommittee (ASTM 1990b). This method
can be used to validate SQC generated by other approaches.

Reliability of Results

Because of the laboratory control, Spiked Bioas_y Approach criteria have a high degree of
accuracy. However, laboratory bioassays, particularly short-term assays, are limited in their
ability to represent field conditions; therefore, SQC generated by this approach should be field
validated.
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Level of Effort

Although the laboratorytoxicity tests required by this approach are straightforward, the
laboratoryeffort to generate SQC by this method ranges from moderate to considerable. The effort

. increases with the number of sediment types, chemicals, and combinations of chemicals.

Relative Cost

Cost of the individual toxicity tests arelow because of the minimal effort and inexpensive
equipment needed. However, the chemical analyses needed can substantially raise the cost of the
overall testing program. The cost to generate a global criterion is high; however, criteriafor
specific sites could be substantially less ff sediment types do not vary greatly.

2.2.5 Sediment Quality Triad Approach

The Sediment Quality Triad Approach is a combination approach consisting of three
components: 1) a measure of chemical contamination (sediment chemistry), 2) a measure of
toxicity (sediment bioassays), and 3) a measure of in situ biological alteration. Chemistry and
bioassay estimates are based on laboratory tests with field-collected sexiiments. Sediment toxicity
tests generally include four bioassays covering measures of mortality, reproductive impairment,
sublethal behavioral impacts, and mutagenic effects. In situ measures generally include studies of
resident benthic community structurein the same sediment. Complete taxonomic analysis of
benthos are commonly conducted in quintriplicate at each of several stations. As a minimum,
species richness, total abundance, abundance of individual species, and community similarity
indices are evaluated. Each component is weighted equally and, taken together, provide a
preponderance of empirical data (burdenof evidence) of both contamination and effects. The
chemical and biological response data are then integrated andthree criteria established for each
contaminant. The criteriadefine chemical concentrations below which biological effects are
"minimal," and above which major biological effects would be expecte_ The third level incorpor-
ates theconcentration range between the minimal and severe effects levels in which the occurance
andmagnitudeofthebiolgocialresponseisuncertain.

General Advantages

The Sediment Quality Triad Approach provides empirical evidence of sediment quality and
allowsinterpretationofbiological,chemical,andphysicalpropertiesattheecologicallevel.This
comprehensiveapproachtosedimentqualityevaluationusuallyprecludestheneedforadditional
follow-upstudies.Indeed,theTriadmethodprovidessufficientobjectiveinformationon whichto
judge the extent of contaminant-induced degradation. The size of degraded and nondegraded areas
can be estimated with the Sediment Quality Triad Approach. It can be used to describe the
ecological relationships between sediment properties and organisms at risk from sediment
contamination. All sediment types can be tested by this method and physicochemical
characteristics of the sediments that influence interpretation of the results are measured. This
approachtakesintoaccountallroutesofuptakeofcontaminantsbybenthicorganismsandis
applicabletocomplexmixtures.

• General Disadvantages

Fieldsurveysmay beconfoundedbyorganismmotilityandspatialvariablity(e.g.,bio-
avallablityfromsitetositeisnotconsidered).Becauseofthelargedatasetrequiredandthenature
ofthesamplesneeded,samplecollection,analysisanddatainterpretationarelabor-intensive.
A studyteamwithbroadexpertise(analyticalchemistry,toxicology,andbenthicecology)is
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required. The presence of unmeasured toxicants may or may not covary with measured contamin-
ants. This can potentially bias single-chemical criteriagencrateMby the Sediment Quality Triad
Approach. In addition, statistical criteriafor use with this approach have yet to be fully developed
and selection of an adequate reference site can be difficult. Bioconcentration is not measured;
therefore, food chain effects and human health impacts are not addressed by this method. .

Extent of Use

Although development of the formalized Sediment Quality TriadApproach concept is recent,
it is gaining a high degree of acceptance (Forstner et al. 1987; U.S.EPA 1992). A number of
assessments perfortnedin various regions in the United States have used this approach. Over 400
stations have been studied and measmvxi thus far. The approach has been used to establish SQC
and Apparent Effects Threshold values (Tetra Tech 1986; PTI 1988a, 1988b).

Reliability of Results

No quantitative assessment of the accuracy and precision of the Sediment Quality Triad
Approach has been conducted. Field validation is built into the framework of the approach.
Available data from studies using this Triadapproach show a relatively large degree of uncertainty
and variation in the relationship between chemical contamination and biological effect on a station-
to-station basis. There is often a wide range in contaminant concentration at stations with similar
toxicity and benthos alterations.

Level of Effort

Sampling, chemical analysis, toxicity testing, taxonomic identification, and data interpretation
are all labor-intensive activities, making this approach one of the most labor-intensive. Data
evaluation is also difficult and new approaches for treating andevaluating the data arc needed.

Relative Cost

Because of the large amount of data needed and the high level of chemical and biological
expertise required to obtain the data, the Sediment Quality Triad'Approach is very expensive in
terms of both time and money. However, a tiered use approach of the Triad components is
possible and would reduce costs. While cost-effective on a large scale (e.g., regional projects)
relative to environmental remediation efforts, it is not used for smaller projects because of the cost
and expertise required.

2.2.6 International Joint Commission Approach

This approach is an integrated strategy proposed by the International Joint Commission for
assessing contaminated sediment problems in the Great Lakes (IJC 1988). It is composed of two
phases. The first phase consists of gathering sufficient data to determine ff further study (i.e.,
progression to Phase H) is needed. The determiners for proceeding to Phase II include above
background levels of metal in sediments, detectable concentrations of hazardous persistent organic
compounds in sediments, fish, or benthos, the absence of a healthy benthic community, or
presence of external abnormalities in fish. Existing data may preclude the need for Phase I testing.
Phase II is the detailed assessment and consists of four steps. Step I defines the areas of homo-
geneity within a study area by obtaining data on the physical composition of the sediments. In
Step 2, benthic community structureis determined along with the surfical sediment chemistry
(e.g., total organic carbon, pH, redox potential, metals, extractable organic compounds).
A battery of laboratory bioassays are conducted on sediments collected from the area in Step 3.
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AlsoinStep3, stratifiedchemic=danalysesandbioassaysareperformedonsedimentcoresections
andhistopa_ologicalexaminationsforinternaltumorsonadultfish.Thefinalstep(Step4) sedi-
mentdynaxmcs(re,suspension,accumulation)arequantifiedtoaidin selectionof remediation
options.

General Advantages
I

The InternationalJointCommitteeapproachprovidesdirectmeasuresof benthicinfaunaland
fish effects. In sire communityanalysis anduse of site-relevantspe_es in the bioassaysprovidea
highdegreeof enviromnentalrelevance. Tissueresiduedammayaid in the preliminaryevaluation
of contaminantexposureto wildlife and humans.The approachis suitablefor any sedimenttype
or chemicalclass. It is a flexible strategy,relyingon the expertiseof the investigating
organization.

General Disadvantages

Thiscomprehensivemethodis costly andlabor-intensive.Althoughan integratedapproach,
the comp6nentprotocols (bioassays,chemical analyses, benthiccommunitystru_tu_, etc.) suffer
fromthe limitationdescribedin the above approaches.It is anapproachbest appliedto only major
projects.

Extent of Use

Althoughcomponent protocols arein wideuse, this comprehensiveapproachhas only been
appliedto the ARCSprogram. It will likelyhave widespreaduse in the Great Lakesbasin.

Reliability of Results

Accuracyandprecisionare difficultto define in an approachthatis comprisedof many
optionalproceduresand designpossibilities. Thiswas a concernof the jointcommitteeandthe
recommendedmethods wereselectedfor theirrelevance to the Ca_t Lakesecosystem. Field
validation of theapproachwas conductedin 1989 to 1991. Resultsarenot yet available.

Level of Effort

The level of effortrequiredto completethisapproachis veryhigh andnotreconunendfor
otherthanmajorevaluationprojects.

Relative Cost

Costs for detailedassessmentsare highfor both PhaseI andPhaseII. However, thetiered
approachallows forcost minimizationif data gatheredin PhaseI indicatesthatno furthertesting is
needed. PhaseI maybe omittedif existingdatais availableto indicateif a sedimentcontamination
problemdoes or does notexist.

2.2.7 National Status and Trends Program

The NationalStatusand TrendsProgramwas initiatedin 1984 by the Ocean Assessments
Divisionof the NationalOceanicand AtmosphericAdminstrations's(NOAh=)Officeof Oceano-

• graphyandMarineAssessmenttoevaluatethestatusandtrendsofchemicalcontaminantsandtheir
effects in estuarineandcoastalwaters. Althoughmostof the data collectedthus far arefor marine
waters,the approachis easily adaptableto freshwatersystems. In general,theapproachevaluates
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existingdamfrom manystudies(burdenof evidence)to identify threeconcentrationrangesassoc-
iatedwith biologicaleffects. Dam aregatheredfrom acuteandchronictoxicity testsandfrom
analysesof benthiccommunitysu'ucmrc.The threerangesidentifiedfor eachchemicalare: the
no-effectsrange,therangein concentrationsfor whichtoxic effectsarerarely observed;the
possible-effectsrange,the rangeforwhichtoxiceffectsareoccasionallyobserved;and the
probable-effectsrange,the rangein concentrationsthatfrequentlyor alwaysshowtoxiceffects.
The guideline provide a means of numerically estimating the frequency of bxological effects over
the three concentration ranges. The National Status and Trends Program Approach is strucuaext
around a three-tiered design. The first tier establishes a monitoring program or collects dam from
existing monitoring programs to establish baseline data of contaminant concentrations and assoc-
iatedbiological effects to which subsequent measurements at the same sites will be compared.
Tier 2 synthesizes available literature to evaluate extent (spatial and temporal) of degradation in
environmental quality (i.e., proposes current status). The third tier tests uses bioassays to confh-m
proposed status and trends.

General Advantages

The National Status and Trends Approachis applicable to all sediment types and chemical
species for which sufficient information is available. Although sufficient data is not available
currently, the guidelines can be normalized to account for bioavailability when that information
becomes available. Much of the labor-intensive assembling of the database, called BEDS, had
been completed. Therefore, expansions of the database are anticipated to be relatively rapid, and
inexpensive. The guidelines are easily used and interpreted and provide an estimation of the
probability of biological effects for each chemical.

General Disadvantages

This method assumes that data from all the studies from which data are taken are equal in
weight and credibility, which is unlikely given the many different methods and end points used in
the individual studies. This approach provides no information for protection of wildlife or human
health at this time because sufficient data on bioaccumulation are not available.

Extent of Use

The National Status and Trends approach has received extensive peer review. The approach
has been used by the State of Florida and California and by Environment Canada. NOAA
routinely uses the guidelines for ecological risk assessments of National Priority List hazardous
waste sites. The method has also been used for data interpretation in court cases.

Reliability of Results

The degree of certainty in the data is reported along with the data from the studies. It has been
determined (McDonald 1992) that if a minimum of 40 data sets were obtained, the variability of the
guidelines becomes minimal. The accuracy of the guidelines in predicting toxicity has not been
quantified. No field validations of the method have been conducted.

Level of Effort

Little effort is required to use the guidelines for any of the over200 chemicals or chemical
classes documented in the data base. If additional data must be entered, the labor required is still
relatively small, generally requiring only a few days. (The original effort and subsequent
expansion of the data base eachrequired a man-year of labor.)
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Relative Cost

If appropriatedata are available in the data base, this method is extremely inexpensive.
However, if data must reviewed and entered into the data base, the costs increase. If de novo

. studies are needed for a chemical or to f'fll a data gap, additional costs are accrued.
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3.0 Recommendations for Hanford Site Sediment Quafity
Criteria

The fundamental goals of sediment quality assessmentat_ord will focuson determining
whethersedimentcontaminantsareexertingbiologicalstressin benthicbiota,if the toxicantsare
being bioaccumulated,where"unsafe"sedimentsarelocatedandtheir horizontaland vertical
distributionin these areas(i.e., the spatialzone of impact),and whetherremediationeffortsare
necessaryand successful. No single SQCapproachappearsto provideall the informationneeded
to attainthese goals. However, a combinationof approachesand methods shouldprovidea defen-
sible, site-specific assessment. The assessment strategyselectedmust accountfor the constraints
on sedimentqualityproceduresimposedby thehyrologicenvironmentof the HanfordReach.

3.1 Hydrologic Constraints on Establishing Sediment Quality
Criteria

Thehydrologicenvironmentisanimlxrrtant,butoftenignored,factorintheimplementationof
sedimentqualityassessmenttechniquesandintheinterpretationoftheirresults.Important
hydrologicissuesrelativetosedimenthazardassessmentstrategiesincludedefiningtheboundaries
oftheaquaticenvironment,accountingforthedepositionalenvironment(i.e.,heterogenoussedi-
menttypesandcontaminantlevelswithinevensmallareas),andobtainingrepresentativesamples
relativetohydrologicevents(e.g,lowwaterorhighwater).Theseissuesshouldbeconsidered
whenselectingandimplementingany,oranycombinationof,sedimentassessmentstrategies.

3.1.1 The Hydrologic Boundaries

ForriversexfimentssuchasthoseoftheColumbiaRiver,theboundariesofthehydrologic
environmentshouldincludetheislands,sloughs,andfloodplaintoensurethatallinsitu,poten-
tiallybioactive sedimentsareevaluated. Floodplainsexlimentsareimportantto sedimenthazard
assessmentsbecause they are deposited by aquaticprocesses,are important biotic zones (terrestrial
and aquatic),receivemuchof their contaminationfromfluvial sources,and oftencontainsediments
with contaminantconcentrationsanorderof magnitudehigherthanchannelsediments. These sedi-
ments also release slug-likeinjectionsof contaminated_ents intoactive channelsedimentsby
ground water percolationand/or erosion (Marcus1989). Therefore, applyingSQC to these spor-
adicallyfloodedsedimentswouldreducepollutantinputtothe pemmnentlyinundatedsystemvia
erosion, groundwater, and biological routes. Determiningthe distance from the perennial water
body that includesthe floodplaincanbe difficult;however,delineationof the aquaticenvironment
canbemadeonafrequencyratherthanspatialbasis.ThelO0-ycarfloodplainhasbeensuggested
asaboundarybecauseitwouldincludemostofthesedimentsthathavebeendepositedor
reworked since the agriculturaland industrialsettlement of the United States (Marcus 1989).
Considering the history of the Hartford Site, a 50-yearfloodplainof the river should account for
"aquatic" sedimentsassociatedwith the ColumbiaRiver in the vicinity of the Hartford Site that may
have been contaminatedfrom site activities and contribute,through leaching, run-off or erosion, to
the contaminated environmentof the benthic biota. As a mirdmum, those shoreline sediments of

• the HartfordReachthat areinundatedfrom the daily fluctuationsin river level and from the spring
freshet should be included within the hychologie boundary within which sediment quality is
assessed.
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Because no water or organisms are available for sampling much of the time in floodplain
areas, SQC approaches based on porewater concentrations (Water Quality CriteriaApproach) and
benthic organism assessments are not feasible for sporadically inundated sediments. However, the
Background Concentration Approach or EP Approach could be applied as they do not rely on
water analysis or benthic community structure. Procedures using bioassays could be applicable;
however, questions relating to the length of time to rehydrate the sediments and to allow chemical
transferbetween the sediment and water would have to be addressed.

3.1.2 Spatial Variability within the Depositional Environment

Another hydrologic constraint on SQC in river _nts is the variation within the deposi-
tional enviromnent and the difficulty of representing that variablity by sampling. The composition
of _nts relative to density, size, and contaminant loading can vary greatly within very small
distances. How a given depositional environment is sampled (i.e., the number, depth, and
location of the samples) will greatly influence the assessment of the hazard of those sediments.
For example, most of the channel sediments of the Hanford Reach tend to be mobile and sampling
only from these sediments is likely to miss "hot spots" of accumulated chemicals that are poten-
tially more environmentally damaging. However, sampling from only accumulated sediments does
not portray the overall conditions in the river sediments. Therefore, probably the most important
physical assessment that should be made of the suspect environment is a three-dimensional
mapping of sediment zones to provide for sample-site selection and, later, delineation of
contaminated areas. Mapping data should include location, areal extent, thickness, sediment
volume, and depths of overlying water. Spatial resolution of the sediment zones and bottom
features should be obtained by applying cluster analysis to these data. Used in conjuction with
benthic population effects-based SQC, this spatial information will be important to the application
of remedial technologies. However, for those sediment quality methods that rely solely on
sediment contaminant concentrations (i.e., the Background Concentration Approach, and the EP
Approach), it is unclear how sample data should be interpreted. For example, allowing any
individual sample whose concentration exceeds backgroundto trigger remedial action would
potentially be overly restrictive by allowing a very small amount of sediment (i.e., "hot spots") to
cause the total sediment to exceed the criterion, whereas calculating a weighted average
concentation for an area would potentially mask "hot spot" effects.

3.1.3 Impact of Hydrologic Events

In addition to spatial variablility in depostional zones, the timing and frequency of sample
collection also affects whether or not sediment quality assessments are representative. The impact
on sediment assessments by hydrologic events is largely because of the predominant sorption of
contaminants to fine-grained clays and colloids. These small particles are more mobile than coarser
sediments. Thus, sampling during low-water periods could yield sediments with high chemical
burden compared to sediments collected during high-flow periods when fine-grained materials are
in suspension in the water-column. As with the problems associated with spatial variability,
temporal changes in contaminant concentrations in the sediments make use of reference or
partioning methods for SQC problematic. However, benthic population sampling approaches and,
to some extent, the Water Quality CriteriaApproach using porewater, integrate environmental
effects through space and time and appear to be better able to provide acceptable SQC. Time-
integrated effects could also be conservatively represented by sampling only during periods of
stable low-flow conditions (Bradfordand Horowitz 1988).
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3.2 Applicability of Existing Sediment Quality Approaches to
the Hanford Site

To aidin the developmentof an assessmentstrategyappropriateto theHanfordSite,
approachesto sedimentquality criteriadescribedin Section2.0 arerankedin Table 3.1 accmding
tothereliabilityof results,relativecost,abilityto predict contaminant-spc_fic effects, integrate
multiplechemicals,protectbenthicorganisms,andpredictfood chaintransferof contaminants.
The higherthe totalaccumulatedscore,themorereliable,informativeand/orcost-effectivethe
approachis forsettingSQCatcontaminatedareassuchastheHartfordReach.

3.2.1 Chemical.Specific Approaches

Thechemical-specificapproaches(the BackgroundConcentration,theEP, andtheWater
QualityCritera)havelimitedapplicabilityto theHartfordReachsediments.These sedimentshave
beenanalyzedfor specificchemicals(buthave notundergoneexhaustiveanalysisfor all aquatic
toxins)and havebeenfoundto containmultiplecontaminants.Thechemical-_c methodsdo
notaccountforthe toxicityof unmeasuredcontaminantsor for synergistic,antagonisticor additive
interactionsof multiplecontaminants(e.g., theadditiveeffectsof severalchemicalsmaybe
harmfulto benthicorganismsalthough,individually,the chemicalsarebelow concentrationsthat
aretoxic). Not only canusingchemical-_c ratherthaneffects-basedcriteriaresultin
inaccuratesedin_nt qualityassessments,butecologicaldamagecanbe attributedto thewrong
chemical(s). Implicatingthewrongchemicalcouldgreatlyimpactselectionof cleanupmethods
andthe subsequentqualityof theremediatedsedimentto benthicbiota. However,the chemical-
specificapproachesmay be usedfor first-cutscreeningof sedimentcontaminants,thusreducing
subsequentuseof themoreexpensivebiological-effectsapproachesto sedimentquality
assessment.

Table 3.1 Rankingof SedimentQualityCriteriaApproachesRelativeto SuitabilityforHartford
Site Use

Relative Site Chemical Intqlntm Predicts Pmtoc_ Re.liabilitvof Result •
_ _ _ _mniah aimamm, lbam/ua Ilamaim EitkL.._t_t_ Zattt

Bquilibdum Pmitimia8 4(8) 0(b) 1(b) 0(©) 1(d) 0(e) 10) 1(g) 8

WaterQualityCriteria 3 1 1 1 0 1 2 1 10

AppmmmRtfecla Thtmheld 1 1 1 0 0 1 3 2 9

Site-Specifia Biommayt 4 1 0 1 2 1 3 1 13

Spiked Bimmmy 3 1 1 2 2 1 2 1 13

Scmming Level Ceac. 2 1 1 ' 0 0 1 1 0 6

Sediment Quality "['dad 1 1 1 0 1 1 0 1 6

Int. Joint Commi_ion 1 1 1 1 1 1 0 1 7

Nat. Status andTnmds Psm ,4 0 1 0 1 1 2 0 9

Background Omc. 3 1 1 0 0 0 0 0 5

(a) 1 -vezy hilh, 2-hith, 3- modmalz, 4- low.
fo) 0-too 1 -y_
(c) 0 - no. I - pmmislly. 2 - ym
(d) O-no.l - potmtially,2- ym
(e) O-no, I = ym
(f) O-unknown, 1 -hulle, 2- mederate,3- low
(1_ 0 - no, 1 - pmtlaUy,2 - ym
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Background Concentration Approach

Appliedat theregionalor nationallevel, criteriaestablishedby the BackgroundConcentration
Approachwouldface seriouslegal andenvironmentalquestionsrelativeto theirapplicabilityto
local sediments. Thisapproachis difficultto defendlegally or technicallybecauseit has nofound-
ationin biologicaleffects,does notaccountfor bioavaflability,andrelies on the relatively subjec-
tive selection of a referencestandard.Sdection of the referencesedimentis criticalto the outcome
of anyevaluationmadeusing the BackgroundConcentrationApproach.Forexample,grossly
over-restrictivecriteriacan bedevelopedfromthe useof remote pristine sediments thatdiffer in
naturalmineral,metal,andorganiccarboncontentfromthe suspectsedimentsat the HartfordSite,
resultingin unnecessaryremediationefforts. However, thismethod, when appliedat the local
level usingsite-specific reference sediments(i.e., sedimentsof the samenaturalphysicochemical
compositionassuspectsedimentsand that support unimpacted benthicpopulations)can providea
simpleand relativelyinexpensivemeans of screeningsuspectsedimentsfor certainpollutantssuch
asradionuclides.Thosesedimentswith contaminantconcentrationsat or below levels foundin the
referencestandardwould not needto undergofurtherstudy andresourcescould be more effec-
tively appliedtowardassessingthe biologicalandecologicalhazardsassociatedwith the contamin-
atedsediments.To the extentthatsedimemson the HartfordSitehave been previouslyanalyzed
for contaminantcontent,the expenseof thisprocedure would be furtherreduced. The majordraw-
back to thisapproachis thatno biologicallydefensibleconclusioncan be drawnaboutthe hazardor
safetyof sedimentsdeemed"contaminated"by comparisonto thereferencesediment.

Equilibrium Partitioning Approach

It is unlikelythat even a screeningfunctionfor Hanfordsedimentscouldbe adequately
obtainedfromthe EP Approach. Few criteriahavebeendevelopedfor chemicalsof concernto the
areaandnormalizationmethods for metalandradionuclidecontaminants(contaminantsof greatest
concernin the ColumbiaRiver _nts) havenot beenvalidated. Moreover,conclusionsabout
sedimenttoxicityusing thismethodwouldbe extrapolatedfromdata notderivedfrom local
sedimentsand, therefore, may notprovidea truemeasureof in sire biologicaleffects in the
HartfordReach.

Water Quality Criteria Approach

The WaterQualityCriteriaApproachsuffersfromlimitationssimilarto those of the EP
Approach.In addition,thismethod does notaccountfor the bioavailabilityof contaminantsand
fundamentallyignoresthe organismsof greatestconcernrelative to sedin_nt contaminantexposure
and aquaticfoodchainimportanceatHanford,i.e., benthicbiota.

3.2.2. Biological.Effects.Based Approaches

Generally,effects-basedSQCapproaches(i.e., methodsrequiringbioassaysand/ormoni-
wringof benthic infaunalpopulations)aremoredefensiblefroman environmentalprotectionstand-
point. These approaches(SedimentQualityTriad,Site-SpecificSedimentAssessment, Screening
Level ConcentrationApproach,ApparentEffectsThresholdApproach,SpikedBioassay
Approach,the InternationalJoint CommissionApproach,and the NationalStatusand Trends
ProgramApproach)integratethecomplexnatureof sedimentcompositionand contamination,
potentiallyaccountfor allpossibleroutesof uptakeby aquaticandbenthicorganisms,and provide
directinformationon the biotic significanceof sediment-associatedcontaminants.Unlike the
pass/failinformationobtainedfromchemical-specificapproaches,biologicaleffectsmeasurements
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can allow forrelative comparisonsof impactand,thus,prioritizationforcleanup/mitigation.How-
ever, theydo notestablishthecause(s)of anyobservedbiological effectsand areusuallyrelatively
expensive to perform.

Bioassays

The two sedimentqualityassessmentmethodsbasedsolely onbioassayproceduresare the
Site-SpecificSedimentAssessmentApproachandthe SpikedBioassayApproach. As bioassay
procedures,both approachesprovideinformationon thebiologicalsignificanceof contaminantsin
the sedimentbutsuffer frombeingartificialsystemsthatmay notaccuratelyreflect thebiotic
responsesthat would be observedin the naturalenvironment.The Site-SpecificSedimentAssess-
mentApproach,whichuses the suspectsedimentsand well-established bioassaymethods, would
probablyprovidethemostexpedientanddefensibleapproachto screeningsedimentsin the
HanfordReachfor ones of toxicological concern(Table3.1). Data from thisapproach,however,
will not providecause-effectdataneeded for remediation. The SpikedBioassayprocedurecan
providecause-effectdataandis theonly method thatcandirectlyquantifyinteractiveeffects of
multiplecontaminantsituationsas may be foundin Hartfordsediments.

Alternatively,use of appropriatesequencesin theTIEprocedurecouldbe used to resolve the
identificationof the harmfulchemical class(s)presentin the sediments. The tierednatureof the
TIEprocedureminimizesthe tests necessaryforidentifyingpotentialcausativeagentsin the
sediments. Once the suspectchemicalclasses areidentified,the sedimentsor the porewatercan be
analyzedfor specificcontaminantswithin these classesas indicatedby historicinformation.This
greatlyreducesthe otherwisebroadrangeof chemicalsthatwould have to be investigated. The
concentrationof the contaminantssuspectedfromthe TIEprocedurecould then be comparedto the
NationalStatusandTrends(NS'I) guidelinesor waterqualitycriteria(afterappropriate
normalization),ff values havebeenestablishedfor the toxicantsin questionto determinethe
potentialculpabilityof the contaminant.The NST guidelinesprovideno-effects,possible effects,
and effects levels. Otherstandardscan be usedbydeterminingtheratiobetween the sediment
concentrationand the guidelinevalue. If it is 10 or greater(a safetymargin)then thatcontaminant
is no longer suspect. If,however,the ratio is less than 10, then thatchemicalwould proceed to
furtherconfirmatorytestingwith relevant aquaticorganisms. Whenno guidelinesareavailablefor
comparison,the toxicitymay be establishedby using spiked-bioassaymethods. For both bioassay
methods, selectionof representativesedimentcan be both difficult and controversial.Significant
cost can be associatedwith attemptingto establisha representativeseain_nt for reference or testing
(see Section 3.2).

Because bioassaymethodscannotassurethat in situ benthicinfaunalcommunitiesare
affected,a more completeassessmentof sedimentqualitycan be made whencombinedwith
approachesthat collectbenthicinfaunaldata(e.g., the SedimentQualityTriadApproach,The
ApparentEffects ThresholdApproach,the ScreeningLevel ConcentrationApproach).

In situ Benthic Community Assessments

Benthicinfaunal assessmentapproaches(e.g., the ScreeningLevel ConcentrationApproach,
theApparentEffectsThresholdApproach,andthe SedimentQualityTriad)can directlyindicate
whether sedimentsin the HanfordReachdetrimentallyimpact benthiccommunities. However,
theyreally canserveonly a screeningfunctionand definesedimentsof poorenoughquality to
meritfurtherstudies. This limitationis becauseof the inabilityof in situ assessmentsto sortout
communityresponses topollutantsintroducedbyhumanactivitiesfrom thoseinduced by environ-
mentalconditions(sedimenttype, localflow rates, slope gradients,etc.) and contaminantsof
naturalorigin(e.g., ammonia,sulfides,oxygen, and other gasses). Whenused in combination
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with bioassayproceduresthisdeficiencycanbe overcome. TheApparentEffects Threshold
A_P_oeachandSedimentQualityTriadApproacharesimilarmethodologiesthatincorlxzmtetheuse

ld bioassaysandsegment chemistrytoenhancetheinterpretationof results frombenthic
de_ation studies. The two approachesdifferin thattheApparentEffectsThresholdApproach

es a thresholdcriterionabovewhichharmwillalwaysoccuranduses bioassaysandbenthic
infaunalstudies independentlytodeterminethe criterion,whereastheSedimentQualityTriad
Approachestablisheschemicalconcentrationsof minimalharmand severeharmusing bioassays
andpopulationstudiestogetherin a burdenof evidencemanner.The InternationalJoint
CommissionApproachalso uses a combinationof fieldbioassaysand benthiccommunitystructure
toevaluatesedimentquality,butapproachestheevaluationin a tieredfashionto reducecost.
Spikedbioassaysarestillneededto delineateandconfirmthat anyenvironmentaldamage
determinedby these threeapproachesis, indeed,causedby thesuspectcontaminantand to address
the problemof potentialmulticontaminantinteractions.The problemof selectingreference
sedimentsand adequatelysamplingsuspect_nts is as difficultandimportantas it is for site-
specificbioassays. Becauseof the databasemagnitude(multiplestations,multiplesamplesper
station,and multiplespecies assessments)requiredto establisha criterionor indicatedamage,
studiesof benthiccommunitystructurearelabor-intensiveand can be veryexpensive to conduct.
Thiscost issuearguesstronglyfor thejudicialuse of in sire populationstudiesto augmentother
screeningefforts.

The NationalStatusand TrendsProgramis anotherapproachbasedon biological-effectsdata
but,becauseit is notsite-specific,has less applicabilityto the HanfordSite. Itcan be useful to
comparesedimentcontaminantconcentrationsto these guidelinesif the suspecttoxicantis one of
the 200 or so chemicalsfor whichcriteriahavebeenestablished.

3.2.3 Overall Approach to Exploratory Sediment Quality Assessment on the
Hanford Site

No single approachto sedimentqualityassessmentappearsto beable to adequately
discriminatesedimentsof poorquality,assign the causativeagent(s),and providecriteriafor clean-
upgoals and strategiesfor the HartfordReach. The morecomprehensiveproceduresthatincorpor-
ateboth bioassayandbenthicinfaunalassessmentsareverycosdy withoutprovidingsufficient
informationto makeremediationdecisions. Thiswouldsuggest thata combinationof methodsthat
capitalizeon availablesite-specificsedimentchemistrydata, the integrativenatureof biological
systemsto screenfor sedimentsof poorquality,andthe cost-effectivenessof a tieredapproachto
identifyingtoxicantsshouldbe used. Althougha veryconservativeapproach,the use of existing
sedimentchemistrydata with theBackgroundConcentrationProcedurecould significantlyreduce
the area(s)of _nts nee_ng furtherstudy. The remainingareacould be screenedmore
accuratelyby use of field bioassays and/orbenthicinfaunalsurveys. The Site-SpecificBioassay
Approachor ScreeningLevelApproachwould providea moreeconomicalmeans of screeningthan
the morecomprehensiveApparentEffectsThresholdor SedimentQualityTriadApproaches.
Thesecomprehensiveprocedurescould be usedforareasnot passingthe initialbiological-effects
screening. However, becausematchedsedimentsamplesfor bioassays,chemistry,andbenthos
assessmentsareneeded and a wide range of contaminantconcentrationsarerequiredto observe
concentration-relatedeffects, it maybemore economical,in thelongrun, todesign the screening
effortsafterone of the comprehensiveapproachesto avoidre-samplingor toconduct thescreening
with the TriadorApparentEffects Thresholdmethods. Subsequently,tiered toxicological studies
(e.g., SpikedBioassays), extensivechemical surveys,andsourceidentificationinvestigations
could be conductedusingTIEguidelinesor thephilosophyanddesignof theInternationalJoint
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Commission Approach to delineate thecausative toxic agents and their distribution in the Hanford
Reach. All of these studies should be conducted against a background of hydrologic concerns that
ensure all bioactive sediments areevaluated and necessary sampling is designed in a manner that
will provide a truly representative assessment.
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