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DearIVfike:

We understand that you provided informal comments on the response to comments
(RTC) on the Draft Final Phase II Site-Wide Ecological Assessment (DF Phase II
SWEA) Report in a meeting on December 11, 1996. We have prepared this letter and
enclosure clarifying our RTC and suggesting resolution of outstanding issues.We have
summarized the verbal commentsyouprovidedon the DF Phase IISWEA Report RTC
and we have proposed specific text changes to the subject document. It is our
understandingthat this completesour comment and response period with the EPA
regardingthe DF Phase II SWEAReport.Pleasecontactus, or Brace Narloch,at (510)
975-3400, if you wouldlike to discussthe RTC packageorthis submittalfurther.

Sincerely,

KimWalsh
ProjectManager

John Dowdakin
ProjectScientist
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94598-2427
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RESPONSE TO VERBAL COMMENTS BY MICHAEL GILL/EPA
ON THE DF PHASE II SWEA REPORT

The EPA's verbalcommentsareshownin boldfaceprintbelow. The suggested
resolutionof each of the issues follows the comment.

Regarding Response to Specific Comment (SC) 2: We agreed to change
the terminology for the Final Phase II SWEA Report from
"multispecies" to a number of different single species.

SuggestedResolution:The Navy concurswithEPA's request. TheNavy will revise
theDFPhaseII SWEAReportto excludetheterm"multispeciesapproach".
Thetextwill be revisedto statethat a numberof single species testswere
conducted.

Regarding Response to SC 7: The EPA requests that tables be provided
in RTC packages in the future as documentation of requested
changes.

SuggestedResolution: TheNavy concurswithEPA'srequest. The Navy will provide
revisedtablesin futureRTCsrelatedto the SWEA. The revisedTable8-4

_, will be includedin the Final PhaseII SWEAReport.

Regarding Response to SC 15: We agreed to change the terminology for
the Final Phase II SWEA Report from "potential COCs" to
"COCs".

SuggestedResolution: The Navy concurswith EPA's request. TheNavy believes that
the uncertaintysurroundingthe identificationof chemicalsof concern is best
conveyedinthe uncertaintydiscussionsin thereportandnot in qualifierson
the term"chemicals of concern".For theFinal Phase II SWEA Report,the
Navywill removequalifierssuchas"potential"or "most likely" fromthe
discussionsin Section 8.

Regarding Response to SC 18: Are there needed text changes to
accompany the addition of polychaete growth expressed as a
"percent of control" to Table 8-14? If so, what are they?

SuggestedResolution: The Navy anticipatesno changesto the text on page 8-17 that
referencesTable 8-14.



Regarding Response to SC 31: There is no mention of high uncertainty
or contacting EPA's Office of Water Policy to obtain additional
information that can be used to evaluate the protectiveness of
the Navy's approach for fish and invertebrate exposures to
metals.

SuggestedResolution: TheNavy concurs withEPA's requestforadditional
information.TheNavycalculatedall risks using totalmetalconcentrations.
Thisapproachis believedto be protectivebasedon informationprovidedin
theenclosedmemodatedOct. l, 1993fromMarthaProthro,EPA's Acting
AssistantAdministratorfor Water. The enclosed informationindicatesthat
the approachtakenby theNavy, i.e., using totalmetalsvalues for
calculatingrisks,is likelyprotectiveforfishandinvertebratesas well as
algae (see page2 of the enclosedmemo). TheNavy acknowledgesthat
sediment-boundmetalsarea separateand importantissueatMFA. As
such,metalsinsedimentwere evaluatedusing othercriteriaand food chain
modeling.

Regarding Response to SC 55: What is the remainder of the response?

SuggestedResolution: Theresponseshouldread:

"Table9-11 willbe revisedto clarifythe information.Forstatistically
significantcorrelations,the correspondingprobabilityvalue, p<O.10, is
denotedbythe footnote"a". All othercorrelationswerenot statistically
significantat p<O.10. The columnheading"ClusterAnalysisand
Comparison"is intendedtorepresentchemicals thatwere presentin the
mediumsurvivalgroupat overtwo times the concentrationsin the high
survivalgroup. The purposeof this column is to presenta rapidsummary
of the most importantresults fromthe clusterandprincipalcomponents
analysesconductedduringthe preparationof theDraft Phase II SWEA
Report."

Regarding Response to SC 67: Was this the response that we agreed to?

SuggestedResolution:TheNavy believes thatthis was the responsethat we agreed to.
In brief, the Navydidconsidersurfacewateras partof the ingestion
pathwayfor avianspecies.

Regarding Response to SC 79: "Comment noted" does not address the
issue of a relevant benchmark for significance of effect or the
issue of where the data were presented to demonstrate that
there was a range of responses at similar concentrations.

Suggested Resolution:TheNavy presenteddata fromthe surfacewaterbioassays in
Section8.2.2 andAppendixK of the DF Phase IISWEAReport. A
benchmarkthatwasclearly relevantto the receptorsandguilds investigated
was notavailable.Therefore,the Navy will deletethe last threesentences of
the firstfull paragraphin Section 10.2.2for the finalreport.
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Regarding Response to SC 81: There is no reference to surface water
hydrology discussed in the Phase I SWEA Report. Some
explanation needs to be provided to describe the Navy's
understanding of the mechanism of contaminant deposition in
the wetlands (i.e., outfalls are sinks for surface water borne
contaminants).

Suggested Resolution: The Navy will expand the text to state: "The distribution of
organic chemical contamination and metals in sediment is discussed in detail
in the Final Phase I SWEA Report, Supplement 1, Section 6.3, and in
Section 5.2 of this report. The general pattern of distribution of these COCs
in sediment is suggestive of deposition of particulate contamination carried
in storm water runoff. Therefore, it was hypothesized that surface water
receptors might be at greater risk nearer the source of contamination, that is
nearer the storm water ouffalls. In many cases the data will indicate the
spatial extent of the impacts, usually as one moves from the source of the
contamination. For the surface water receptors, as evidenced in the bioassay
data, there was not a clear spatial distribution of risk."

Regarding Response to SC 83: The EPA requests that the text be
expanded to better address the agency's comment.

Suggested Resolution: The Navy concurs with EPA's request. The Navy will expand
_, the text on page 10-12 to state: 'q'he previous sections have noted the extent

of the impacts that have been observed in the surface water bioassays.
Based on the evaluation presented in Section 10.1, it does not appear that
the reduction in growth that has been predicted will have a significant impact
on the community. However, as discussed in Section 5.1, it is anticipated
that since most of the sources of COPECs have been or are scheduled to be
controlled, any resulting contaminant loading to surface water will decrease.
A reduction in contaminant loading to the surface water will improve the
chances for the habitat to recover."

Regarding Response to SC 90: Will the text on page 11-4 be changed?
If so, please state bow.

Suggested Resolution: The Navy will revise the text on page 11-4 to state: "The
measurement endpoints include toxicity endpoints represented by bulk
sediment HQs for COPECs, and bulk sediment and pore water toxicity tests
with four benthic receptors."



Regarding Response to SC 96: The EPA requests that the report be
changed to indicate that the data discussed is not Moffett-
specific.

SuggestedResolution: TheNavy concurswithEPAandwill provideadditional
clarificationin thetext. The fLrStparagraphon page 11-8 will be expanded
to includethesefinalsentences: "Itshouldbe notedthatthe information
presentedbelow is generalinformationon the ecology of estuarinetidalflats
of San FranciscoBay. Theassumptionthat MFA supportsa similarbenthic
communityis madein an attemptto evaluatethe potentialimpactof chemical
contaminationseparatefromthe impactsresultingfromphysicalalterationof
the habitat. Clearly,thehabitatatMFAhas beensubstantiallyalteredand
doesnot supporta typicalecologicalcommunity."

Regarding Response to SC 99: Please expand the response to better
address EPA's comment.

SuggestedResolution: The Navyconcurswith EPA's requestand will expandthe text.
Thediscussionof the amphipod,Ampelisca abdita, as numericallydominant
is againin referenceto thegeneralinformationon estuarinetidalflatsof San
FranciscoBay. Thetext onpage 11-11will be expanded to state: "The
amphipod,(Ampeliscaabdita), is numericallydominantin estuarinetidal
flats of San FranciscoBay. This is not the case atMFA, as a resultof
physical alterationof habitat,presenceof contamination,or a combinationof
factors. Based on the life history of the amphipod (Ampeliscaabdita),
amphipod abundance (numberof organisms) in MFA sediments may be
suppressed, due to increased mortalityin juveniles and the subsequent
reduced recruitment of sexuallymature adults."

Regarding Response to SC 103: Will this be clarified in report text? If
so, how?

SuggestedResolution: The text inthe firstfullparagraphonpage 11-14will be
expanded with a final sentencestating: "No data has been gatheredduring
the Phase I or PhaseII SWEAto estimate futuresedimentationratesor the
quality of futuresedimentsrelativeto existing sediment quality."

Regarding Response to SC 106: The EPA requests that the text on page
11-18 be changed to reflect EPA's concern.

SuggestedResolution: The Navyconcurswith EPA's request. The text in Section
11.3.4.1 will be modifiedto state: "As such,the designwas biasedto find
contamination(i.e., themaximumconcentration)and was not intendedto
yieldan unbiasedestimateof the meanof the statisticalpopulation(and 95%
UCL) in each of the habitats."
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Intro_uctiorl

The implementationofmetalscriteriaiscomplexduetothesit_-specificnatureof
metals toxicity. We have undertaken a number of activities to develop guidance in this area,
notably the Interim Metals Guidance, pubfishedMay 1992, and a public meeting of experts
held in Annapolis, MD, in January 1993. This memorandumtransmitsOffice of Water
(OW) policy and guidanceon me interpretationand implementationof aquatic fife crimriafor
the managementof metals and supplementsmy April I, 1993, memorandumon the same
subject. The issue covers a numberof areas including the expression of aquatic fife criteria;
total maximum daily loads (TMDLs), permits, effluent monitoring, and compliance; and
ambient monitoring. The memorandumcovers each in turn. Attached to this policy
memorandumare threeguidance documents with additional_hnical details. They are:
Guidance Document on Expressionof Aquatic Life Criteriaas Dissolved Criteria
(Attachment//2), GuidanceDocument on Dynamic Modelingand Translators (Attachment
#3), and GuidanceDocumenton Monitoring(Attachment#4). These will be supplemented
as additional data become available. (See thescheduleinAttachment#10

Sincemetalstoxicityissignificantlyaffectedby site-specificfactors,it presentsa
numberofprogrammaticchallenges.Factorsthatmustbeconsideredinthemanagementof
metalsintheaquaticenvironmentinclude:toxicityspecifictoeffluentchemistry;toxicity
specifictoambientwaterchemistry;differentpatternsoftoxicityfordifferentmetals;
evolutionofthestateofthescienceofmetalstoxicity,fate,andtransport;resource
limitationsformonitoring,analysis,implementation,andreseamhfunctions;concerns
regardingsomeoftheanalyticaldatacurrentlyon recordduetopossiblesamplingand
analyticalcontamination;andlackofstandardizedprotocolsforcleanandultra=leanmetals
analysis.The"Stateshavethekeyroleintheriskmanagementprocessofbalancingthese
factorsinthemanagementofwaterprograms.Thesite-specificnatureofthisissuecouldbe
perceivedasrequiringapermit-by-permitapproachtoimplementation.However,we believe
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that this guidance can be effectively implemented on a broader level, across any waterswith
roughly the same physical and chemical characteristics, and recommend that we work with
the States with that perspectivein mind.

Exoressionof AouaticLifeCriteria

o Dissolvedvs. TotalRecoverableMetal

A majorissue is whether, and how, to use dissolved metalconcentrations ("dissolved
metal")or totalrecoverablemetalconcentrations('totalrecoverablemetal=) in settingState
water quality standards. In the past, States have used both approacheswhen applying the
same EnvironmentalProtectionAgency (EPA) criteria numbers. Some older criteria
documents may have facilitated these different approachesto interpretationof the criteria
because the documents were somewhat equivocal with regards to analyticalmethods. The
May 1992 interim guidancecontinued the policy that either approachwas acceptable.

It is now the policy of the Office of Water that the use of dissolved metal to set and
measurecompliance with waterquality standardsis the recommendedapproach, because
dissolved metal more closely approximates the bioavailable fraction of metal in the water

column than does total recoverablemetal. This conclusion regardingmetals bioavailability is
supportedby a majorityof the scientific community within and outside the Agency. One
reason is thata primarymechanismfor water column toxicity is adsorptionat the gill surface
which requiresmetals to be in the dissolved form.

The positionthatthedissolvedmetalsapproach is moreaccuratehasbeenquestioned
because it neglects the possible toxicity of particulatemetal. It is true thatsome studies have
indicatedthatparticulatemetalsappearto contributeto thetoxicityof metals,perhaps
becauseof factorssuchasdesorptionof metalsat thegiUsurface,butthesesamestudies
indicatethetoxicityofparticulatemetalissubstantiallylessthanthatofdissolvedmetal.

Furthermore,anyerrorincurredfromexcludingthecontributionofparticulatemetal
willgenerallybecompensatedbyotherfactorswhichmakecriteriaconservative.For
example, metals in toxicity te_ are added as simple salts to relativelyclean water. Due to
the likely presence of a significantconcentrationof metalsbindingagents in many discharges
and ambient waters, metals in toxicity tests would generallybe expected to be more

•bioavallabile than metalsin discharges or in ambient waters.

If total recoverablemetal is used for the purpose of water qualitystandards,
compounding of factors due to the lower bioavailability of particulatemetal and lower
bioavaflability of metalsas they are discharged may resuit in a conservativewater quality
standard. The use of dissolvedmetal in water quality standardsgives a more accurate result.
However, the majorityof the participantsat the Annapolismeeting felt that total recoverable
measurements in ambientwater had some value, and thatexceedences of criteria on a total
recoverablebasis were an indicationthat metal loadings could be a stress to the ecosystem,

"_ particularlyin locations other than the watercolumn.
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The reasons for the potenual consideration of total recoverablemeasurementsinclude
risk management considerationsnot covered by evaluation of water column toxicity. The
ambient water quality criteria are neitherdesigned nor intended to protectsediments, or to
preventeffects due to food webs containingsediment dwelling organisms. A risk manager,
however, may consider sediments and food chain effects and may decide to take a
conservativeapproachformetals,consideringthatmetalsareverypersistentchemicals.This
conservative approachcould include the use of total recoverablemetal in water quality
standards. However, since considerationof sediment impacts is not incorporated into the
criteriamethodology, the degree of conservatism inherentin the total recoverableapproachis
unknown. The uncertaintyof metal impactsin sediments stem from the lack of sediment
criteriaand an imprecise understandingof the fate and transportof metals. EPA will
continue to pursue researchandother activities to close these knowledge gaps.

Until the scientific uncertaintiesare be_r resolved, a range of differentrisk
managementdecisions can be justified. EPA recommendsthatSuU¢waterquality standards
be based on dissolved metal. (See the paragraphbelow and the attachedguidancefor
_chnical details on developing dissolvedcriteria.) EPA will also approvea State risk
managementdecision to adopt standardsbased on total recoverablemetal, if those standards
are otherwise approvableas a matterof law.

o DissolvedCriteria

_' In the toxicity tests used to develop EPA metals criteriafor aquaticlife, some fraction
of the metal is dissolved while some fraction is boundto particulatemam:r. The present
criteriawere developed using total recoverablemetal measur-anentsor measuresexpected to
give equivalent results in toxicity tests, ana are articulatedas total recoverable. Therefore,
in order to express the EPA criteriaas dissolved, a total recoverableto dissolved correction
factormust be used. Attachment#2 provides guidance for calculatingEPA dissolved criteria
from the published total recoverablecriteria. The dataexpressed as percentagemetal
dissolved are presentedas recommendedvalues and ranges. However, the choice within
ranges is a State risk managementdecision. We have recently supplementedthe data for
copperand are proceeding to furthersupplementthe datafor copper and other metals. As
testingis completed, we will mak_ this informationavailable and this is expected to reduce
the magnitudeof the ranges for some of the conversion Pactorsprovided. We also strongly
encourage the application of dissolved criteria across a watershed or wambody, as
technically sound and the best use of resources.

o Site-Specific CriteriaModifications

While the above methodswill correctsome site-specific factors affectingmetals
toxicity, furtherrefinements arepossible. EPA has issued guidance (Water Quality
StandardsHandbook, 1983; Guidelinesfor Deriving Numerical AquaticSite-Specific Water
QualityCriteria by Modifying National Criteria, EPA-600/3-H4-099, October 1984) for three
site-specific criteria development methodologies: recalculationprocedure, indicator species
procedure(also known as the water-effectratio (WER))and resident species procedure.
Only the first two of these have been widely used.
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In the National Toxics Rule (57 FR 60848, December 22, 1992), EPA identifiedthe
WER asanoptionalmethodforsite-specificcriteriadevelopmentforcertainmetals.EPA
committedintheNTR preambletoprovideguidanceondeterminingtheWER. A draftof
this guidance has been circulated to the States and Regions for review and comment. As
justified by water characteristicsand as recommendedby the WER guidance, we strongly
encourage the application of the WER across a watershedor waterbodyas opposed to
applicationon a discharger by dischargerbasis, as technically sound and an efficient use of
resouIv,_.

In order to meetcurrentneeds,butallowforchangessuggestedby protocolusers,
EPAwill issue the guidanceas "interim."EPAwill acceptWERsdevelopedusingthis
guidance,as well as by usingotherscientificallydefensibleprotocols. OWexpectsthe
interimWERguidancewill be issued in thenexttwo months.

TotalMaximum DallyLoads_I'MDLs)andNationalPollutantDischargeEliminationSystem
_'PDES_ Permits

o Dynamic WaterQuality Modeling

Althoughnot specifically part of the reassessmentof water quality criteria for metals,
dynamicor probabilisticmodels are another useful tool for implementing water quality
criteria, especially for those criteria protectingaquaticlife. These models provide another
way to incorporatesite-specific data. The 1991Technical SupportDocumentfor Water
Quality-basedToxics Control (TSD) (EPA/505/2-90-001) describes dynamic, as well as static
(steady-state)models. Dynamic models makethe best use of the specified magnitude,
duration,and frequencyof water qualitycriteriaand, therefore, provide a more accurate
representationof the probabilitythata water qualitystandardexceedence will occur. In
contrast, steady-statemodels make a numberof simplifying, worst case assumptions which
makes them less complex and less accuratethan dynamicmodels.

Dynamicmodelshavereceivedincreasedattentionover thelastfewyearsasa result
of thewidespreadbeliefthatsteady-statemodelingisover-conservativedueto
environmentallyconservativedilutionassumptions.Thisbeliefhasled tothemhconception
thatdynamicmodelswillalwaysleadtolessstringentregulatorycontrols(e.g.,NPDES
effluentlimits)thansteady-statemodels,whichis nottrueineveryapplicationofdynamic
models.EPA considersdynamicmodelstobea_ approachtoimplementing
waterqualitycriteriaandcontinuestorecommendtheiruse.Dynamicmodelingdoesrequire
commitmentofresourcestodevelopappropriatedata.(SeeAttachment#3andtheTSD for
detailsontheuseofdynamicmodels.)

o Dissolved-Total Metal Translators

Expressingwater quality criteriaas the dissolved form of a metalposes a need to be
able to translatefrom dissolved metal to totalrecoverablemetal for TMDLs and NPDES

permits. TMDLs for metals must be able to calculate: (1) dissolved metal in order to
ascertainattainmentof water quality standards,and (2) total recoverable metal in order to
achieve mass balancenecessary for permittingpurposes.
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EPA's NPDES regulationsrequire that limits of metals in permits be statedas total
recoverable in most cases (see 40 CFR §122.45(c)) except when an effluent guideline
specifies the limitation in another form of the metal, the approvedanalytical methods
measureonly dissolvedmetal, or the permit writer expresses a metals limit in mother form
(e.g., dissolved, valent, or total) when requiredto carry out provisions of the Clean Water
Act. This is becausethe chemical conditions in ambient waters frequently differ substantially
from those in the effluent, and there is no assurancethat effluent particulate metal would not
dissolve after discharge. The NPDES rule does not require that State water quality standards
be expressedas total recoverable;rather, the rule requirespermit writers to translatebetween
different metal forms in the calculation of the permitlimit so that a total recoverable limit
can be established. Both the TMDL and NPDES uses of waterquality criteria requirethe
ability to translatebetweendissolved metal and total recoverablemetal. Attachment#3
provides methods for this translation.

Guidanceon Monitorin2

o Use of Clean Samplingand AnalyticalTechniques

In assessing waterbodies to determine the potential for toxicity problems due to

metals,thequalityof thedatausedis animportantissue.Metalsdataareusedtodetermine
attainmentstatusforwaterqualitystandards,discerntrendsin waterquality,estimate
backgroundloads for TMDLs, calibrate fate and transportmodels,estimateeffluent

_' concentrations (includingeffluentvariability),assesspermitcompliance,and conduct
research.Thequalityoftracelevelmetaldata,eslx_iallybelowIppb,may be
compromisedduetocontaminationofsamplesduringcollection,preparation,storage,and
analysis.Dependingonthelevelofmetalpresent,theuseof"clean"and"ultraclean"
techniquesforsamplingandanalysismay becriticaltoaccuratedataforimplementationof
aquaticlifecriteriaformetals.

Themagnitudeof'thecontaminationproblemincreasesas the ambientandeffluent
metalconcentrationdecreasesand,therefore,problemsaremorelikelyin ambient
measurements."Clean"techniquesreferto thoserequirements(orpracticesforsample
collectionandhandling)necessarytoproducereliableanalyfi,-.'.a]datain thepartper billion
(ppb)range. "Ultraclean"techniquesrefer to thoserequirementsor practicesnecessaryto
producereliableanalyticaldatainthepanpertrillion(ppt)range.Becausetypical
concentrationsof metalsin surfacewatersandeffluentsvaryfromone metalto mother,the
effectof contaminationon the qualityof metalsmonitoringdatavariesappreciably.

We plan to develop protocols on the use of clean and ultra-clean techniquesand are
coordinatingwith the United States Geological Survey (USGS) on this project, because USGS
has been doing work on these techniques for some time, e..-peciallythe samplingprocedures.
Weanticipatethatourdraftprotocolsforcleantechniqueswifibe availableinlatecalendar
year 1993. The development of comparableprotocols for ultra-cleantechniquesis underway
andwillbeavailablein 1995. In developing these protocols, we will consider the costs of
these techniquesand will give guidance as to the situations where their use is necessary.
Appendix B to the WERguidance document provides some general guidance on the use of
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clean analytical techniques. (See Attachment #4.) We recommend that this guidance be used
by States and Regions as an interim step, while the clean and ultra-clean protocols am being
developed.

o. Use of Historical Data

Theconcernsaboutmetalssamplingandanalysisdiscussedaboveraisecorresponding
concernsaboutthevalidityofhistoricaldata. Dataoneffluentandambientmetal
concentrationsarecollectedbya varietyoforganizationsincludingFederalagencies(e.g.,
EPA,USGS),Statepollutioncontrolagenciesandhealthdepartments,localgovernment
agencies,municipalities,industrialdischargers,researchers,andothers.Thedataare
collectedfora varietyof purposesas discussedabove.

Concern about the reliabilityof the sample collection and analysis procedures is
greatest where they have been used to monitor very low level metal concentrations.
Specifically, studies have shown data sets with contaminationproblemsduring sample
collection and laboratoryanalysis, that have resulted in inaccuratemeasurements. For
example, in developing a TM'DLfor New York Harbor, some historicalambient datashowed
extensive metals problemsin the harbor,while other historical ambient data showed only
limited metals problems. Carefulresamplingand analysis in 1992/1993 showed the latter
view was correct. The key to producing accurate data is appropriatequality assurance (QA)
and quality control (QC) proc_ures. We believe that most historical data for metals,
collected and analyzedwith appropriateQA and QC at levels of 1 ppb or higher, are

'_' reliable. The data used in developmentof EPA criteria are also consideredreliable, both
because they meet the above test and because the toxicity test solutionsare created by adding
known amounts of metals.

With respect to effluent monitoring reportedby an NPDES permittee, the permittee is
responsible for collecting and reportingquality data on a Discharge Monitoring Report
(DMR). Permittingauthoritiesshould continue to consider the informationreported to be
true, accurate, and completeas certified by the permittee. Where the permittee becomes
aware of new informationspecific to the effluent discharge that questions the quality of
previously submitted DMR data, the permittee must promptly submit that information to the

- permittingauthority. The permittingauthoritywill considerall informationsubmittedby the
permitteein determiningappropriateenforcementresponsesto monitoring/reportingand
effluentviolations. (SeeAttachment#4 for additionaldetails.)

Eummm

The managementof metalsin the aquaticenvironment is complex. The science
supportingour technical and regulatory programsis continuing to evolve, here as in all
areas. The policy and guidance outlined above representthe positionof OW and should be
incorporated into ongoing programoperations. We do not expect thatongoing operations
would be delayed or deferredbecause of this guidance.
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_' If youhavequestionsconcerningthisguidance,pleasecontactJimHanlon,Acting
Director,Officeof ScienceandTechnology,at 202-260-5400.If youhavequestionson
specificdetailsof theguidance,pleasecontacttheappropriamOWBranchChief. The
BranchChiefsresponsibleforthevariousareasof thewaterqualityprogramarc: BobApril
(202-260-6322,waterqualitycriteria),ElizabethFeLlows('202-260-7046,monitoringanddata
issues),RussKinerson(202-260-1330,modelingandtranslators),DonBrady(202-260-7074,
TotalMaximumDailyLoads),SheilaFrace(202-260-9537,.i_rmits),DaveSabock
(202-260-1315,waterqualitystandards),BillTelliard(202-260-7134,analyticalmethods)
andDaveLyons(202-260-8310,enforcement).

Attachments



ATI'ACHMENT #I

TECHNICAL GUIDANCE FOR MEFALS

Schedule of Upcoming Guidance

Water-effectRatioGuidance- September1993

Draft"Clean"AnalyticalMethods- Spring1994

DissolvedCriteria- currentlybeingdone; as testingis completed,we will releasethe
updatedpercent dissolveddata

DraftSedimentCriteriaforMetals- 1994

Final SedimentCriteriaforMetaLs- 1995



ATTACHMENT _2

GUIDANCE DO_
ON DISSOLVED CKff_ttIA

Expression of Aquatic Life Criteria
October1993



10-1-93

Percent Dissolved in Aquatic ToxicityTests on Metals

The attachedtable contains all the data that were found
concerningthe percent of the total recoverablemetal that was
dissolved in aquatic toxicity tests. This table is intendedto
contain the availabledata that are relevantto the conversionof
EPA's aquatic life criteria for metals from a total recoverable
basis to a dissolvedbasis. (A factor of 1.0 is used to convert
aquatic life criteriafor metals that are expressedon the basis
of the acid-solublemeasurementto criteriaexpressed on the
basis of the total recoverablemeasurement.) Reports by Grunwald
(1992)and Brungs et al. (1992)providedreferencesto many of
the documentsin which pertinent data were found. Each document
was obtainedand examined to determinewhether it contained
useful data.

"Dissolved"is defined as metal that passes through a 0.45-_m
membrane filter. If otherwise acceptable,data that were
obtained using 0.3-,mglass fiber filtersand 0.1-,mmembrane
filters were used, and are identifiedin the table; these data
did not seem to be outliers.

Data were used only if the metal was in a dissolved inorganic
form when it was added to the dilutionwater. In addition,data
were used only if they were generatedin water that would have
been acceptablefor use as a dilutionwater in tests used in the
derivationof water quality criteriafor aquatic life; in
particular,the pH had to be between 6.5 and 9.0, and the
concentrationsof total organic carbon (TOC)and total suspended
solids (TSS)had to be below 5 mg/L. Thus most data generated
using river water would not be used.

Some data were not used for other reasons. Data presented by
Carroll et al. (1979)for cadmium were not used because 9 of the
36 values were above 1509. Data presentedby Davies etal.
(1976)for lead and Holcombe and Andrew (1978)for zinc were not
used because "dissolved"was defined on the basis of
polarography,rather than filtration.

Beyond this, the datawere not reviewed for quality. Horowitz et
al. (1992)reportedthat a number of aspectsof the'filtration
proceduremight affect the results. In addition,there might be
concern about use of "clean techniques"and adequate QA/QC.

Each line in the table is intendedto representa separatepiece
of information. All of the data in the tablewere determinedin
fresh water, becauseno saltwaterdata were found. Data are
becoming availablefor copper in salt water from the New York

1
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Harbor study; based on the first set of tests,Hansen (1993)
suggested that the average percent of the copper that is
dissolved in sensitivesaltwater tests is in the range of 76 to
82 percent.

A thorough investigationof the percent of total recoverable
metal that is dissolvedin toxicity tests might attempt to
determine if the percentageis affected by test technique
(static,renewal, flow-through),feeding (werethe test animals
fed and, if so, what food and how much), water quality
characteristics(hardness,alkalinity,pH,'sallnity),test
organisms (species,loading),etc.

The attached table also gives the freshwatercriteria
concentrations(CMC and CCC) because percentagesfor total
recoverableconcentrationsmuch (e.g.,more than a factor of 3)
above or below the CMC and CCC are likelyto be less relevant.
When a criterion is expressedas a hardness equation,the range
given extends from a hardness of 50 mg/L to a hardness of 200
mg/L.

The following is a summary of the availableinformationfor each
metal:

ArsenicfIII)

The data availableindicatethat the percent dissolved is about
100, but all the availabledata are for concentrationsthat are
much higher than the CMC and CCC.

Cadmium

Schuytema et al. (1984)reported that "therewere no real
differences" betweenmeasurementsof total and dissolved cadmium
at concentrationsof I0 to 80 ug/L (pH - 6.7 to 7.8, hardness -
25 mg/L, and alkalinity- 33 mg/L); total and dissolved
concentrationswere said to be "virtuallyequlvalent".

The CMC and CCC are close together and only range from 0.66 to
8.6 ug/L. The only availabledata that are known to be in the
range of the CMC and CCC were determinedwith a glass fiber
filter. The percentagesthat are probablymost relevant are 75,
92, 89, 78, and 80.

ChrQmium(III)

The percent dissolveddecreased as the total recoverable
concentrationincreased,even though the highest concentrations
reduced the pH substantially. The percentagesthat are probably
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most relevant to the CMC are 50-75, whereas the percentagesthat
are probably most relevantto the CCC are 86 and 61.

Chromium(Vl)

The data available indicate that the percent dissolved is about
100, but all the available data are for concentrations that are
much higher than the CMC and CCC.

Cooper

Howarth and Sprague i1978)reported that the total and dissolved
concentrationsof copperwere "little different"exceptwhen the
total copper concentrationwas above 500 ug/L at hardness - 360
mg/L and pH = 8 or 9. Chakoumakoset al. (1979)found that the
percent dissolveddependedmore on alkalinitythan on hardness,
pH, or the total recoverableconcentrationof copper.

Chapman (1993)and Lazorchak (1987) both found that the addition
of daphnid food affectedthe percent dissolvedvery little, even
though Chapman used yeast-trout chow-alfalfa whereas Lazorchak
used algae in most tests, but yeast-troutchow-alfalfain some
tests. Chapman (1993)found a low percent dissolvedwith and
without food, whereas Lazorchak (1987) found a high percent
dissolvedwith and without food. All of Lazorchak'svalues were
in high hardness water; Chapman'sone value in high hardness
water was much higher than his other values.

Chapman (1993)and Lazorchak (1987}both comparedthe effect of
food on the total recoverableLC50 with the effect of food on the
dissolvedLCS0. Both authorsfound that food raised both the
dissolvedLC50 and the total recoverableLCS0 in about the same
proportion,indicatingthat food did not raise the total
recoverableLC50 by sorbingmetal onto food particles;possibly
the.food raised both LCS0s by (a) decreasingthe toxicityof
dissolvedmetal, (b) formingnontoxic dissolvedcomplexeswith
the metal, or (c) reducinguptake.

The CMC and CCC are close together and only range from 6.5 to 34
ug/L. The percentagesthat are probably most relevantare 74,
95, 95, 73, 57, 53, 52, 64, and 91.

The data presented In Speharet al. (1978)were from Holcombe et
al. (1976). Both Chapman (1993)and Holcombe et al. (1976}found
that the percent dissolvedincreasedas the total recoverable
concentrationincreased. It would seem reasonableto expect more
precipitateat higher total recoverableconcentrationsand



thereforea lower percent dissolvedat higher concentrations.
The increasein percent dissolvedwith increasingconcentration
might be due to a lowering of the pH as more metal is added if
the stock solution was acidic.

The percentagesthat are probablymost relevant to the CMC are 9,
18, 25, I0, 62, 68, 71, 75, 81, and 95, whereas the percentages
that are probablymost relevantto the CCC are 9 and 10.

Mercury

The only percentagethat is availableis 73, but it is for a
concentrationthat is much higher than the CMC.

The percentagesthat are probablymost relevant to the CMC are
88, 93, 92, and 100, whereas the only percentagethat is probably
relevantto the CCC is 76.

No data are available.

Silver

There is a CMC, but not a CCC. The percentagedissolvedseems to
be greatly reduced by the food used to feed daphnids, but not by
the food used to feed fathead minnows. The percentagesthat are
probablymost relevant to the CMC are 41, 79, 79, 73, 91, 90, and
93.

Zinc

The CMC and CCC are close togetherand only range from 59 to 210
ug/L. The percentagesthat are probablymost relevant are 31,
77, 77, 99, 94, i00, 103, and 96.
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RecommendedValues (%)Aand Ranges of Measured Percent Dissolved
ConsideredMost Relevant in Fresh Water

Metal ccc
Recommended Recommended

(Ra_ae %_ _ (Ranae%_

Arsenic(III) 95 100-104" 95 100-104s

Cadmium 85 75-92 85 75-92

Chromium(III) 85 50-75 85 61-86

Chromium(VI) 95 i00" 95 I00"

Copper 85 52-95 85 52-95

Lead 50 9-95 25 9-10

Mercury 85 73s NAa NAR

Nickel 85 88-100 85 76

Selenium NAE NAc NA_ NAc

Siiver 85 4i-93 yyD ¥¥.

Zinc 85 31-103 85 31-103

^ The recommendedvalues are based on currentknowledge and are
subject to changeas more data becomes available.

" All availabledata are for concentrationsthat are much higher
than the CMC.

c NA - No data are available.

D y¥ = A CCC is not available,and thereforecannot be adjusted.

NA = Bioaccumulativechemical and not appropriateto adjust to
percent dissolved.

5



Concn.^ Percent
(uu/L_ DIes. B n c _Dectes D SRF s Food Hard. Alk. DH Ref.

ARSENIC(III) (Freshwater:CCC = 190 ug/L; CMC = 360 ug/L}

600-15000 104 5 ? ? ? 48 41 7.6 Lima et al. 1984

12600 100 3 FM F No 44 43 7.4 Spehar and Fiandt 1986

CADMIUM (Freshwater:CCC - 0.66 to 2.0 ug/L; CMC = 1.8 to 8.6 ug/L)r

0.16 41 ? DM R Yes 53 46 7.6 Chapman 1993
0.28 75 ? DM R Yes 103 83 7.9 Chapman 1993

0.4-4.0 92° ? CS F No 21 19 7.1 Finlaysonand Verrue 1982

13 89 3 FM F No 44 43 7.4 Speharand Fiandt 1986

15-21 96 8 FM S No 42 31 7.5 Speharand Carlson 1984
42 84 4 FM S No 45 41 7.4 Speharand Carlson 1984

i0 78 ? DM S No 51 38 7.5 Chapman 1993
35 77 ? DM S No 105 88 8.0 Chapman 1993
51 59 ? DM S No 209 167 8.4 Chapman 1993

6-80 80 8 ? S No 47 44 7.5 Call et al. 1982

3-232 90n 5 ? F ? 46 42 7.4 Spehar et al. 1978

450-6400 70 5 FM F No 202 157 7.7 Plckerlngand Gast 1972
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CHROMIUM(IIII (Freshwater:CCC = 120 to 370 uqlL; CMC = 980 to 3100 ug/L)F

5-13 94 ? SG F ? 25 24 7.3 Stevens and Chapman 1984
19-495 86 ? SG F ? 25 24 7.2 Stevens and Chapman 1984
>1100 50-75 ? SG F No 25 24 7.0 Stevens and Chapman 1984

42 54 ? DM R Yes 206 166 8.2 Chapman 1993
114 61 ? DM R Yes 52 45 7.4 Chapman 1993

16840 26 ? DM S No <51 9 6.31 Chapman 1993
26267 32 ? DM S No 110 9 6.7 Chapman 1993
27416 27 ? DM S No 96 10 6.01 Chapman 1993
58665 23 ? DM S No 190 25 6.2j Chapman 1993

CHROMIUM(VII (Freshwater:CCC = 11 ug/L; CMC = 16 ug/L)

>25,000 100 1 FM,GF F Yes 220 214 7.6 Adelman and Smith 1976

43,300 99.5 4 FM F No 44 43 7.4 Spehar and Fiandt 1986

(Freshwater:CCC = 6.5 to 21 ug/L; CMC = 9.2 to 34 ug/L)F

10-30 74 ? CT F No 27 20 7.0 Chakoumakoset al. 1979
40-200 78 ? CT F No 154 20 6.8 Chakoumakoset al. 1979
30-100 79 ? CT F No 74 23 7.6 Chakoumakoset al. 1979

e

100-200 82 ? CT F No 192 72 7.0 Chakoumakoset al. 1979
20-200 86 ? CT F No 31 78 8.3 Chakoumakoset al. 1979
40-300 87 ? CT F No 83 70 7.4 Chakoumakoset al. 1979

10-80 89 ? CT F No 25 169 8.5 Chakoumakoset al. 1979



300-1300 92 ? CT F No 195 160 7.0 Chakoumakos et al. 1979
100-400 94 ? CT F No 70 174 8.5 Chakoumakos et al. 1979

3-4J 125-167 2 CD R Yes 31 38 7.2 Carlson et al. 1986a,b
12-91J 79-84 3 CD R Yes 31 38 7.2 Carlson et al. 1986a,b
18-19 95 2 DA S No 52 55 7.7 Carlson et al. 1986b
20s 95 1 DA R No 31 38 7.2 Carlson et al. 1986b
50 96 2 FM S No 52 55 7.7 Carlson et al. 1986b
175J 91 2 FM R No 31 38 7.2 Carlson et al. 1986b

5-52 >82K ? FM F YesL 47 43 8.0 Lind et al. 1978
6-80 83° ? CS F No 21 19 7.1 Finlayson and Verrue 1982

6.7 57 ? DM S No 49 37 7.7 Chapman 1993
35 43 ? DM S Yes 48 39 7.4 Chapman 1993

13 73 ? DM _ R Yes 211 169 8.1 Chapman 1993
16 57 ? DM R Yes 51 44 7.6 Chapman 1993
51 39 ? DM R Yes 104 83 7.8 Chapman 1993

32 53 ? DM S No 52 45 7.8 Chapman 1993
33 52 ? DM S No 105 79 7.9 Chapman 1993
39 64 ? DN S No 106 82 8.1 Chapman 1993

25-84 96 14 FM,GM S No 50 40 7.0 Hammermelster et al. 1983
17 91 6 DN s No 52 43 7.3 Hammermelster et al. 1983
120 88 14 SG S No 48 47 7.3 Hammermelster et al. 1983

15-90 74 19 ? S No 48 47 7.7 Call et al. 1982

12-162 80H ? BG F YesL 45 43 7-8 Benolt 1975

28-58 85 6 DM R No 168 117 8.0 Lazorchak 1987
26-59 79 7 DM R YesM 168 117 8.0 Lazorchak 1987
56,101 86 2 DM R YesN 168 117 8.0 Lazorchak 1987
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96 86 4 FM F No 44 43 7.4 Spehar and Fiandt 1986

160 94 1 FM S No 203 171 8.2 Geckler et al. 1976
230-3000 >69->79 ? CR F No 17 13 7.6 Rice and Harrison 1983

LEAD (Freshwater: CCC = 1.3 to 7.7 ug/L; CMC = 34 to 200 ug/L}F

17 9 ? DM R Yes 52 47 7.6 Chapman 1993
181 18 ? DM R Yes 102 86 7.8 Chapman 1993
193 25 ? DM R Yes 151 126 8.1 Chapman 1993

612 29 ? DM S No 50 ..... Chapman 1993
952 33 ? DM S No i00 ..... Chapman 1993
1907 -38 ? DM S No 150 ..... Chapman 1993

7-29 10 ? EZ R No 22 ..... JRB Associates 1983

34 62u ? BT F Yes 44 43 7.2 Holcombe et al. 1976
58 68H ? BT F Yes 44 43 7.2 Holcombe et al. 1976
119 71H ? BT F Yes 44 43 7.2 Holcombe et al. 1976
235 75n ? BT F Yes 44 43 7.2 Holcombe et al. 1976
474 81H 7 BT F Yes 44 43 7.2 Holcombe et al. 1976
4100 82" ? BT F No 44 43 7.2 Holcombe et al. 1976

2100 79 7 FM F No 44 43 7.4 Spehar and Fiandt 1986

220-2700 96 14 FM,GM,DM S No 49 44 7.2 Hammermelster et al. 1983
580 95 14 SG S No 51 48 7.2 Hammermelster et al. 1983

0

(Freshwater:CMC - 2.4 ug/L}

172 73 1 FM F No 44 43 7.4 Spehar and Fiandt 1986
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(Freshwater:CCC = 88 to 280 uglL; CMC _ 790 to 2500 uglL}F

21 81 ? DM R Yes 51 49 7.4 Chapman 1993
150 76 ? DM R Yes 107 87 7.8 Chapman 1993
578 87 ? DM R Yes 205 161 8.1 Chapman 1993

645 88 ? DM S No 54 43 7.7 Chapman 1993
1809 93 ? DM S No 51 44 7.7 Chapman 1993
1940 92 ? DM S No 104 84 8.2 Chapman 1993
2344 100 ? DM S No 100 84 7.9 Chapman 1993

4000 90 ? PK R No 21 ..... JRB Associates1983

___ (FRESHWATER:CCC " 5 ug/L;CMC = 20 ug/L)

No dataare available.

(Freshwater: CMC - 1.2 to 13 ug/L; a CCC Is not available)

0.19 74 ? DM S No 47 37 7.6 Chapman 1993
9.98 13 ? DN S Yes 47 37 7.5 Chapman 1993

4.0 41 7 DM S No 36 25 7.0 Nebeker et al. 1983
4.0 11 ? DM S Yes 36 25 7.0 Nebeker et al. 1983

3 79 ? FN S No 51 49 8.1 UWS 1993
2-54 79 ? FM S Yes ° 49 49 7.9 UWS 1993
2-32 73 ? FM S No 50 49 8.1 UWS 1993
4-32 91 ? FM S No 48 49 8.1 UWS 1993
5-89 90 ? FM S No 120 49 8.2 UWS 1993
6-401 93 ? FM S No 249 49 8.1 UWS 1993
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ZINC (Freshwater: CCC = 59 to 190 ug/L; CMC 65 to 210 ug/L) F

52 31 ? DM R Yes 211 169 8.2 Chapman 1993
62 77 ? DN R Yes 104 83 7.8 Chapman 1993

191 77 ? DN R Yes 52 47 7.5 Chapman1993

356 74 ? DM S No 54 47 7.6 Chapman 1993
551 78 ? DM S No 105 85 8.1 Chapman 1993
741 76 ? DM S No 196 153 8.2 Chapman 1993

7; 71-129 2 CD _ R Yes 31 38 7.2 Carlson et al. 1986b
18-273_ 81-107 2 CD R Yes 31 38 7.2 Carlson et al. 1986b

1679 99 2 CD R No 31 38 7.2 Carlson et al. 1986b
180 94 1 CD S No 52 55 7.7 carlson et al. 1986b

188-393s 100 2 FM _ R No 31 38 7.2 Carlson et al. 1986b
551 I00 1 FM S No 52 55 7.7 Carlson et al. 1986b

40-500 95° ? CS F No 21 19 7.1 Finlaysonand Verrue 1982

1940 100 ? AS F No 20 12 7.1 Sprague 1964
5520 83 ? AS F No 20 12 7.9 Sprague 1964

<4000 90 ? FM F No 204 162 7.7 Mount 1966
>4000 70 ? FM F No 204 162 7.7 Mount 1966

160-400 103 13 FN,GM,DM S No 52 43 7.5 Hammermelsteret al. 1983
240 96 13 SG S No 49 46 7.2 Hamermelster et al. 1983

^ Total recoverableconcentration.

Except as noted, a 0.45-pmmembrane filterwas used.
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c Number of paired comparisons.

. The abbreviations used are:
AS - Atlantic salmon DM = DaDhnlamaqna
BT = Brook trout EZ = Elassomazonatum
CD = CerlodaDhnladubla FM = Fatheadminnow
CR = Crayfish GF = Goldfish
CS = Chinook salmon GM = Gammarld
CT - Cutthroattrout PK = palaemonetes
DA - Daphnlds SG = Salmoqalrdnerl

• The abbreviationsused are:
S - static
R = renewal
F - flow-through

r The two numbers are for hardnessesof 50 and 200 mg/L, respectively.

o A 0.3-_mulassflber filterwas used.

" A 0.10-pmmembrane filterwas used.

l The pH was below 6.5.

: The dilutionwater was a clean river water with TSS and TOC below 5 mg/L.

K Only limitedinformationis availableconcerningthis value.

L It is assumedthat the solutionthat was filteredwas from the test chambers that
containedfish and food.

M The food was algae.

" The food was yeast-troutchow-alfalfa.

o The food was frozen adult brine shrimp.
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ON DYNAMIC MODELING AND TRANSLATORS
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Total MaximumDaily Loads _'1_fl3Ls_and Permit5

o DynamicWater QualityModeling-

Althoughnotspecificallypan of the reassessmentof wat_qualitycriteriaformetals,
dynamic or prohabilisticmodels are another useful tool for implementingwater quality
criteria, especiaJ1ythose for protectingaquatic life. Dynamic modelsmake best use of the
specified magnitude,duration,and frequency of water qualitycritm'iaand thereby provide a
more accuratecalculationof discharge impacts on ambient waterquality. In contrast,steady-
state modeling is based on various simplifying assumptionswhichmakes it less complex and
less accurate than dynamic modeling. Building on acceptedpracticesin water resource
engineering, ten years ago OW devir_d methods allowing the use of probability distributions
in place of worst-case conditions. The descriptionof these models and their advantagesahd
disadvantages is found in the 1991 Technical SupportDocumentfor Water Quality-based
Toxic Control (TSD).

Dynamicmodelshavereceivedincreasedattentionin thelastfew yearsasa resultof
theperceptionthatstaticmodelingis over-cons_'vafiveductoenvironmentallyconservative
dilutionassumptions.Thishasledto the misconceptionthatdynamicmodelswillalways
justifylessstringentregulatorycontrols(e.g.NPDESeffluentlimits)thanstaticmodels.In
effluentdominatedwaterswherethe upstreamconcentrationsarerelativelyconstant,
however,a dynamicmodelwillcalculatea morestringentwasteloadallocationthanwilla
steadystatemodel. The.reasonis thatthecriticallowflowrequiredbymanyStatewater
qualitystandardsin effluentdominatedstreamsoccursmorefrequentlythanonceeverythree
years. Whenotherenvironmentalfactors(e.g.upstreampollutantconcentrations)donot
varyappreciably,thentheoverallw..mrnfrequencyof the steadystatemodelmaybe greater
thanoncein threeyears.Adynamicmodelingapproach,ontheotherhand,wouldbe more
stringent,allowingonlyaonceinthreeyearreturnfn_quency.Asa result,EPAconsiders
dynamic models to be a _ rather than a less stringentapproachto implementing
water quality criteria.

The 1991 TSD providesrecommendationson the use of steadystate and dynamic
water quality models. The reliability of any modeling techniquegreatlydepends on the
accuracyof the data used in the ana)ysis. Therefore, the selection of a model also depends
upon the data. EPA recommendsthatsteady state wasteload allocationanalyses generally be
used where few or no whole effluent toxicity or specific chemical measurementsare
available, or where daily receivingwater flow recordsare not available. Also, if staff

_, resourcesare insufficientto use and defend the use of dynamicmodels, then steady state
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_' modelsmay be necessary. If adequatereceivingwaterflowandeffluentconcentrationdata
areavailableto estimatefrequencydistributions,EPArecommendsthatoneof the dynamic
wasteloadailoc_tionmodelingtechniquesbe used to derivewasteloadailocationswhichwill
moreexactlymaintainwaterqualitystandards.Theminimumdata requiredfor inputinto
dynamicmodelsincludeat least30 yearsof riverflow dataandoneyearof effluentand
ambientpollutantconcentrations.

o Dissolved-Total Metal Translators

When water quality criteriaare expressed as the dissolved form of a metal, there is a
need to translateTMDLs aridNPDES permits to and from the dissolved form of a metal to
the total recoverableform. TMDI..sfor toxic metals mustbe able to calculate I) the
dissolved metal concentrationin orderto ascertain attainmentof water quality standardsand
2) the total recoverable metalconcentrationin order to achieve mass balance. In meeting
these requirements,TMDLs consider metals to be conservativepollutantsand quantified as
total recoverable to preserveconservationof mass. The TMDL calculates the dissolved or
ionic species of the metals based on factors such as total suspendedsolids (TSS) and ambient
pH. (These assumptionsignore the complicating factors of metals intera_ons with other
metals.) In addition, this approachassumes that ambientfactors influencing metal
partitioningremain constantwith distancedown the river. This assumptionprobably is valid
under the low flow conditions typicaily used as design flows for permittingof metals (e.g.,

_' 7Q10, 4B3, etc) becauseerosion, resuspension,and wet weather loadings are unlikely to be
significantand river chemistryis generally stable. In steady-statedilutionmodeling, metals
releases may be assumedto remain fairly constant (concentrationsexhibit low variability)
with time.

EPA's NPDES regulationsrequirethatmetals limits in permitsbe stated as total
recoverable in most cases (see 40 CFR §122.45(c)). Exceptious occur when an effluent
guideline specifies the limitationin another form of the metalor the approvedanalyticai
methods measure only the dissolved form. Also, the permitwriter may express a metals
limit in another form (e.g., dissolved, valent, or total) when required,in highly unusual

•.. cases, to carry out the provisionsof the CWA.

The preambleto the September1984 NationalPollutantDischarge EliminationSystem
PermitRegulations states that the total recoverable method measuresdissolved metals plus
thatportion of solid metals thatcan easily dissolve under ambientconditions (see 49 F_eral

38028, September 26, 1984). This method is intended to measuremetals in the
effluent thatare or may easily become environmentallyactive, while not measuring metals
that are expected to settle out andremaininert.

The preamblecites, as an example, effluent from an electroplatingfacility thatadds
lime and uses ciarifiers. This effluentwill be a combinationof solids not removed by the
ciafiflers and residual dissolved metals. When the effluent from the darifiers, usually with a



_w highpH level, mixeswithreceivingwaterhavingsignificantlylowerpH level, thesesolids
instantlydissolve. Measuringdissolvedmetalsin the effluent,in thiscase, would
underestimatethe impacton the receivingwater. Measuringwith the totalmetalsmethod,on
the otherhand,wouldmeasuremetalsthatwouldbe expectedto disperseor settleout and
remaininertor be coveredover. Thus,measuringtotalrecoverablemetalsin the effluent
bestapproximatesthe amountof metallikelyto producewaterqualityimpacts.

However,the NPDESruledoesnotrequirein anywaythatStatewaterquality
standardsbe in the totalrecoverableform;rather,therulerequirespermitwritersto consider
the translationbetweendifferingmetalformsin thecalculationof thepermitlimitso thata
totalrecoverablefimitcanbe established.Therefore,boththeTMDLandNPDESusesof
waterqualitycriteriarequiretheabilitytotranslatefromthe dissolvedformandthetotal
recoverableform.

Many toxic substances,includingmetals,havea tendencyto leavethe dissolvedphase
andattachto suspendedsolids. The partitioningof toxics betweensolid anddissolvedphases
canbedeterminedas a functionof a pollutant-specificpartitioncoefficientandthe
concentrationof solids. Thisfunctionis expressedby a linearpartitioningequation:

C= Cr/

1.KiT$S'IO-'
where,

C =, dissolvedpha_ metalconcentration,
C._ffitotalmetalconcentration,
TSS = totalsu.g_maedsofidsconcentration,and
I_ ffipartitioncoefficient.

A key assumptionof the linearpartitioningequationis thatthe sorptionreaction
reaches dynamic equilibrium at the point of applic_ion of the crit_'Ja; that is, after allowing
for initial mixingthe partitioningof the pollutantbetweenthe adsorbedanddissolvedforms
canbe usedat any locationto predictthe fractionof pollutantin eachrespectivephase.

Successfulapplicationof the linea_partitioningequationrelieson theselectionof the
partitioncoefficient. The useof a partitioncoefficientto representthe degreeto which
toxics adsorbto solidsis mostreadilyappfiedto organicpollutants;partitioncoefficientsfor
metalsare moredifficultto define. Metalstypicallyexhibitmorecomplexspeciafionand
complexationreactionsthanorganicsandthedegreeof partitioningcanvarygreatly
dependinguponsite-specificwaterchemistry.Estimatedpartitioncoefficientscanbe
determined for a number of metals, but waterbody or site-specific observations of dissolved
andadsorbedconcentrationsarepreferred.



_' EPAsuggeststhreeapproachesfor instanceswherea waterqualitycriterionfora
metalis expressedin the dissolvedformin a Sta_'s waterqualitystandards:

1. Usingcleananalyticaltechniquesand fieldsamplingprocedureswithappropriate
QA/QC,collectreceivingwatersamplesanddeterminesitespecificvaluesof K,,for
esch metal. Use these Kdvaluesto "translate"betweentotalrecoverableand
dissolvedmetalsin receivingwater. Thisapproachis.moredifficultto applybecause
it reliesuponthe availabilityof goodqualitymeasuren_entsof ambientmetal
concentrations.Thisapproachprovidesan accurateassessmentof the dissolvedmetal
fractionprovidingsufficientsamplesarecollected. EPA's initialrecommendationis
thatat leastfourpairsof totalrecoverableanddissolvedambientmetalmeasurements
be madeduringlow flow conditionsor 20 pairsoverall flowconditions. EPA
suggeststhatthe averageof datacollectedduringlow flow or the 95th percentile
highestdissolvedfractionfor all flowsbe used. The low flow averageprovidesa
representativepictureof conditionsduringthe rarelow flowevents. The95th
percentilehighestdissolvedfractionforallflowsprovidesacriticalcondition
approachanalogoustotheapproachusedtoidentifylowflowsandothercritical
environmentalconditions.

2. Calculatethe totalrecoverableconcentrationfor thepro'poseof settingthe permit
limit. Use a valueof 1 unless the permitteehas collecteddata(see #1 above)to show
thata differentratioshouldbe used. Thevalueof I is conservativeandwill not err

_m, onthesideofviolatingstandards.Thisapproachisverysimpletoapplybecauseit
placestheentireburdenofdatacollectionandanalysissolelyuponpermitted
facilities.Intermsoftechnicalmerit,ithasthesamecharacteristicsoftheprevious
approach.However,permittingauthoritiesmaybefacedwithdifficultiesin
negotiatingwith facilitieson the amountof datanecessaryto determinethe ratioand
the necessaryqualitycontrolmethodsto assurethattheambientdata arereliable.

3. Usethehistorica/dataontotalsuspendedsolids(WSS) in receiving waterbodiesat
'appropriatedesign flows and Kdvalues presentedin the Technical GuidanceManual
for PerformingWaste Load Allocations. Book H. Streamsand Rivers. EPA-440/4-
84.020(1984)to =translate"between(totalrecoverable)p(m_tslimitsanddissolved
metalsinreceivingwater.Thisapproachis fairlysimpletoapply. However,these
K. values are suspect due to possible quality assuranceproblemswith the dataused to
developthevalues.EPA'sinitialanalysisofthisapproachandthesevaluesinone
site indicates that these K_values generallyover-estimate the dissolved fractionof
metals in ambient waters (see Figures following). Therefore, although this approach
may not provide an accurate estimate of the dissolved fra_on, the bias in the estimate
is likely to be a conservative one.

EPAsuggeststhatregulatoryauthorities useapproaches#I and _ whereStates
express their waterquality standardsin the dissolved form. In those States where the
standardsare in the total recoverable or acid soluble form, EPA recommendsthatno



_' translation be used until the time that the State changes the standardsto the dissolved form.
Approach#3 may be used as an interim measure until the data arc collected to implement
approach#1.
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ATrACHMENF #4

GUIDANCE DOCUMENT
ON CLEAN ANALYTICAL TECHNIQUES AND MONITORING

October 1993

Guidance on Monitorin_

o Use of Clean Samplingand Analytical Techniques

Appendix B to the WERguidance document (attached)providessome general guidance
on the use of clean techniques. The Office of Waterrecommendsthat this guidance be used
by States and Regions as an interim step while the Office of Waterpreparesmore detailed
guidance.

o Use of HistoricalDMR Data

With respectto effluentor ambientmonitoringdatareportedby an NPDESpermittee
on a DischargeMonitoringReport(DMR), thecertificationrequirementsplacethe burdenon
the permitteeforcollectingandreportingqualitydata. The certificationregulationat 40
CFR 122.22(d)requirespermittees,whensubmittinginformation,to state:"Icertifyunder
penaltyof law thatthisdocumentandall attachmentswerepreparedundermy directionor
supervisionin accordancewith a systemdesignedto assurethatqualifiedpersonnelproperly
gather and evaluatethein.formationsubmitted. Basedon my inquiryof the personor persons
who managethe system, or thosepersonsdirectlyresponsibleforgatheringthe information,
the informationsubmittedis, to the bestof myknowledgeandbelief, true,accurate,and
complete. I am awarethatthereare significantpenaltiesforsubmittingfalse information,
includingthe possibilityof fineand imprisonmentfor knowingviolations."

Permittingauthoritiesshouldcontinueto considerthe informationreportedin DMRs
to be true,accurate,andcompleteas certifiedby the permittee.Under40 CFR 122.410)(8),
however, as soonas the permitteebecomesawareof newinformationspecificto the effluent
dischargethatcalls intoquestionthe accuracyof the DMRdata,the permitteemustsubmit
such informationto thepermittingauthority. Examplesof suchinformationincludea new
finding thatthe reagentsusedin the laboratoryanalysisare contaminatedwith tracelevels of
metals,or a new studythatthe samplingequipmentimpartstracemetalcontamination.This
informationmustbe specificto the dischargeandbasedon actualmeasurementsratherthan
extrapolationsfromreportsfromotherfacilities. Wherea permitteesubmitsinformation



In additionto submittingthe informationdescribed above, the permitteealso must

developprocedurestoassurethecollectionandanalysisofqualitydatathataretrue,
accurate,andcomplete.Forexample,thepermitteemay submitarevisedqualityassurance
planthatdescribesthespecificprocedurestobe undertakentoreduceoreliminatetrace
metalcontamination.

..
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AppendixB. Guidanoe Concerningthe Use of "Clean Techniques"and

QA/QC in the Measurementof Trace Metals

Recent information(Shillerand Boyle 1987; Windom et al. 1991)
has raisedquestions concerningthe quality of reported
concentrationsof trace metals in both fresh and salt (estuarine
and marine) surface waters. A lack of awareness of true ambient
concentrationsof metals in saltwaterand freshwatersystems can
be both a cause and a result of the problem. The ranges of
dissolvedmetals that are typical in surface waters of the United
Statesaway from the immediateinfluenceof discharges (Bruland
1983; Shiller and Boyle 1985,1987;Trefry et al. 1986; Windom et
al. 1991) are:

Metal Salt water Fresh water
(ua/L) (ua/L)

Cadmium 0.01 to 0.2 0.002 to 0.08
Copper 0.I to 3. 0.4 to 4.
Lead 0.01 to i. 0.01 to 0.19
Nickel 0.3 to 5. i. to 2.
silver 0.005 to 0.2
Zinc 0.I to 15. 0.03 to 5.

The U.S. EPA (1983,1991)has publishedanalyticalmethods for
monitoringmetals in waters and wastewaters,but these methods

_mw are inadequatefor determinationof ambient concentrationsof
some metals in some surface waters. Accurate and precise
measurementof these low concentrationsrequires appropriate
attentionto seven areas:
1. Use of "clean te=hniques"duringcollecting,handling,

storing,preparing,and analyzingsamples to avoid
contamination.

2. Use of analyticalmethods that have sufficientlylow detection
limits.

3. Avoidanceof interferencein the quantification(instrumental
analysis)step.

4. Use of blanks to assess contamination.
5. Use of matrix spikes (samplespikes) and certifiedreference

materials (CRMs)to assess interferenceand contamination.
6. Use of replicatesto assessprecision.
7. Use of certified standards.
In a strictsense, the term "cleantechniques"refers to
techniquesthat reduce contaminationand enable the accurate and
precisemeasurementof trace metals in fresh and salt surface
waters. In a broader sense, the term also refers to related
issuesconcerningdetection limits,quality control, and quality
assurance. Documentingdata qualitydemonstratesthe amount of
confidencethat can be placed in the data, whereas increasingthe
sensitivityof methods reducethe problem of deciding how to
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interpretresults that are reported to be below detection limits.

This appendixis written for tho@e analvtlcallaboratoriesthat
want uuidanceconcerninuways to lowerdetection limits, increasA
precision,and/or increase accuracy. The ways to achieve these
goals are to increasethe sensitivityof the analyticalmethods,
decrease contamination,and decrease interference. Ideally,
validationof a procedure for measuringconcentrationsof metals
in surface water requires demonstrationthat agreement can be
obtainedusing completelydifferentproceduresbeginningwith the
sampling step and contlnuingthrough the quantificationstep
(Brulandet al. 1979), but few laboratorieshave the resourcesto
compare two differentprocedures. Laboratoriescan, however, (a)
use techniquesthat others have found useful for improving
detectionlimits, accuracy,and precision,and (b) document data
quality through use of blanks, spikes, CRMs, replicates,and
standards.

In general, in order to achieve accurateand precise measurement
of a particularconcentration,both the detection limit and the
blanks shouldbe less than one-tenthof that concentration.
Therefore,the term "metal-free"can be interpretedto mean that
the total amount of contaminationthat occurs during sample
collection and processing (e.g., from gloves, sample containers,
labware,sampling apparatus,cleaning solutions,air, reagents,
etc.) is sufficientlylow that blanks are less than one-tenthof
the lowestconcentrationthat needs to be measured.

_w
Atmosphericparticulatescan be a major source of contamination
(Moody1982;Adeloju and Bond 1985). The term "class-100"refers
to a specificationconcerningthe amount of particulates in air
(Moody1982);although the specificationsays nothing about the
compositionof the particulates,genericcontrol of particulates
can greatly reduce trace-metalblanks. Except during collection
of samples and initial cleaning of equipment,all handling of
samples, samplecontainers,labware,and sampling apparatus
should be performedin a class-100bench,room, or glove box.

Nothinu containedor not containedin this appendix adds to or
subtracts from any reaulatoryrecluirementsset forth in other EPA
documentsconcerninametal analYSeS, The word "must" is used in
this appendixmerely to indicate itemsthat are consideredvery
importantby analyticalchemistswho have worked to increase
accuracy and precisionand lower detectionlimits in trace-metal
analysis. Some items are consideredimportantbecause they have
been found to have received inadequateattention in some
laboratoriesperformingtrace-metalanalyses.

Two topics that are not addressed in this appendix are:
1. The "ultracleantechniques"that are likely to be necessary

when trace analyses of mercury are performed.
2. Safety in analytical laboratories.



• Other documentsshouldbe consulted if these topics are of
concern.

Avoidinq Cgn_amination by use o_ "cle_n technimues"

Measurementof trace metals in receivingwaters must take into
account the potentialfor contaminationduring each step in the
process. Regardlessof the specific proceduresused for
collection,handling,storage, preparation (digestion,
filtration,and/orextraction),and quantification(instrumental
analysis),the generalprinciples of contaminationcontrol must
be applied. Some specificrecommendationsare:
a. No_-talc latex or class-100 polyethylenegloves must be worn

during all steps from sample collectionto analysis. (Talc
seems to be a particularproblem with zinc; gloves made with
talc cannotbe decontaminatedsufficiently.) Gloves should
only contact surfacesthat are metal-free;gloves should be
changed if even suspectedof contamination.

b. The acid used to acidify samples for preservationand
digestionand to acidify water for final cleaning of labware,
samplingapparatus,and sample containersmust be metal-free.
The quality of the acid used should be betterthan reagent-
grade. Each lot of acid must be analyzedfor the metal(s) of
interestbeforeuse.

c. The water used to prepare acidic cleaning solutions and to
rinse labware,sample containers,and samplingapparatusmay
be prepared by distillation,deionization,or reverse osmosis,
and must be demonstratedto be metal-free.

d. The work area, includingbench tops and hoods, should be
cleaned (e.g.,washed and wiped dry with lint-free,class-100
wipes) frequentlyto remove contamination.

e. All handlingof samples in the laboratory,includingfiltering
and analysis,must be performed in a class-100clean bench or
a glove box fed by particle-freeair or nitrogen; ideally the
clean bench or glove box should be locatedwithin a class-100
clean room.

f. Labware, reagents,sampling apparatus,and sample containers
must never be left open to the atmosphere;they should be
stored in a class-100bench, coveredwith plastic wrap, stored
in a plastic box, or turned upside down on a clean surface.
Minimizingthe time between cleaning and using will help
minimize contamination.

g. Separate sets of sample containers,labware,and sampling
apparatusshouldbe dedicated for differentkinds of samples,
e.g., receivingwater samples, effluent samples,etc.

h. To avoid contaminationof clean rooms, samples that contain
very high concentrationsof metals and do not require use of
"clean techniques"should not be brought into clean rooms.

i. Acid-cleanedplastic, such as high-densitypolyethylene
(HDPE),low-densitypolyethylene (LDPE),or a fluoroplastic,
must be the only material that ever contactsa sample, except
possibly duringdigestion for the total recoverable
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measurement. (Totalrecoverablesamples can be digested in
some plastic containers.) Even HDPE and LDPE might not be
acceptablefor mercury,however.

j. All labware,sample containers,and sampling apparatusmust be
acid-cleanedbefore use or reuse.
1. Sample containers,sampling apparatus,tubing,membrane

filters, filter assemblies,and other labwaremust be
soaked in acid until metal-free. The amount of cleaning
necessarymight depend on the amount of contaminationand
the length of time the item will be in contactwith
samples. For example, if an acidified samplewill be
stored in a sample containerfor three weeks, Ideally the
containershould have been soaked in an acidifiedmetal-
free solution for at least three weeks.

2. It might be desirableto perform initial cleaning,for
which reagent-gradeacid may be used, beforethe items are
allowed into a clean room. For most metals, items should
be either (a) soakedin 10 percent concentratednitric acid
at 50"C for at least one hour, or (b) soaked in 50 percent
concentratednitric acid at room temperaturefor at least
two days; for arsenic and mercury, soaking for up to two
weeks at 50°C in i0 percent concentratednitric acid might
be required. For plastics that might be damaged by strong
nitric acid, such as polycarbonate and possibly HDPE and
LDPE, soaking in 10 percent concentratedhydrochloricacid,
either in place of or before soaking in a nitric acid
solution,might be desirable.

3. Chromic acid must not be used to clean items that will be
used in analysis of metals.

4. Final soaking and cleaning of sample containers,labware,
and samplingapparatusmust be performed in a class-100
clean room using metal-freeacid and water. The solution
in an acid bath must be analyzed periodicallyto
demonstratethat it is metal-free.

5. After labware and samplingapparatusare cleaned, they may
be stored in a clean room in a weak acld bath prepared
using metal-freeacid and water. Beforeuse, the items
should be rinsed at least three times with metal-free
water. After the final rinse, the items shouldbe moved
immediately,with the open end pointed down, to a class-100
clean bench. Items may be dried on a class-100clean
bench; items must not be dried in an oven or with
laboratorytowels. The sampling apparatusshould be
assembledin a class-100clean room or bench and double-
bagged in metal-freepolyethylenezip-typebags for
transportto the field; new bags are usually metal-free.

6. After sample containersare cleaned, they should be filled
with metal-freewater that has been acidifiedto a pH of 2
with metal-freenitricacid (about0.5 mL per liter) for
storage until use. At the time of sample collection,the
sample containersshould be emptied and rinsed at least
twice with the solutionbeing sampled before the actual
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sample is placed in uhe sample container.
k. Field samplesmust be collectedin a manner that eliminates

the potentialfor contaminationfrom the samplingplatform,
probes, etc. Exhaust from boats and the direction of wind and
water currentsshould be taken into account. The people who
collectthe samplesmust be specificallytrained on how to
collect field samples. After collection,all handling of
samples in the field that will expose the sample to air must
be performed in a portable class-100clean bench or glove box.

1. Samplesmust be acidified (afterfiltrationif dissolvedmetal
is to be measured)to a pH of less than 2, except that the pH
must be less than 1 for mercury. Acidificationshould be done
in a clean room or bench, and so it might be desirableto wait
and acidify samples in a laboratoryrather than in the field.
If samples are acidified in the field, metal-freeacid can be
transportedin plastic bottles and poured into a plastic
containerfrom which acid can be removed and added to samples
using plastic pipettes. Alternatively,plastic automatic
dispenserscan be used.

m. Such things as probes and thermometersmust not be put in
samplesthat are to be analyzedfor metals. In particular,pH
electrodesand mercury-in-glassthermometersmust not be used
if mercury is to be measured. If pH is measured, it must be
done on a separate aliquot.

n. Samplehandling should be minimized. For example, instead of
pouring a sample into a graduatedcylinder to measure the
volume, the sample can be weighed after being poured into a
tared container;alternatively,the container from which the
sample is poured can be weighed. (For saltwater samples,the
salinityor density should be taken into account when weight
is convertedto volume.)

o. Each reagent used must be verifiedto be metal-free. If
metal-freereagents are not commerciallyavailable,removal of
metalswill probably be necessary.

p. For the total recoverablemeasurement,samples should be
digested in a class-100bench, not in a metallic hood. If
feasible,digestionshould be done in the sample containerby
acidificationand heating.

q. The longerthe time between collectionand analysis of
samples,the greater the chanceof contamination,loss, etc.

r. Samplesmust be stored in the dark, preferablybetweenO and
4"C with no air SPace in the sample container.

Achievina low detection llmlts

a. Extractionof the metal from the sample can be extremely
useful if it simultaneouslyconcentratesthe metal and
eliminatespotentialmatrix interferences. For example,
ammonium 1-pyrrolidinedithiocarbama_eand/or diethylammonium
diethyldithiocarbamatecan extractcadmium, copper, lead,

s
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nickel, and zinc (Brulandet al. 1979;Nriagu et al. 1993).
b. The detection limit should be less than ten percent of the

lowest concentrationthat is to be measured.

Avoidina interferences

a_ Potential interferencesmust be assessedfor the specific
instrumentalanalysis technique used and each metal to be
measured.

b. If direct analysis is used, the salt present in high-sallnlty
saltwatersamples is llkely to cause interferencein most
instrumentaltechniques.

c. As statedabove, extraction of the metal from the sample is
particularlyuseful because it simultaneouslyconcentratesthe
metal and eliminatespotentialmatrix interferences.

Usina blanksto assess contamination

a. A laboratory(procedural,method) blank consists of filling a
sample containerwith analyzedmetal-freewater and processing
(filtering,acidifying,etc.) the water through the laboratory
procedure in exactly the same way as a sample. A laboratory
blank must be included in each set of ten or fewer samples to
check for contaminationin the laboratory,and must contain
less than ten percent of the lowestconcentrationthat is to
be measured. Separate laboratoryblanksmust be processed for
the total recoverableand dissolvedmeasurements,if both
measurementsare performed.

b. A field (trip)blank consists of fillinga sample container
with analyzedmetal-freewater in the laboratory,taking the
containerto the site, processingthe water through tubing,
filter, etc., collectingthe water in a sample container;and
acidifyingthe water the same as a field sample. A field
blank must be processed for each samplingtrip. Separate
field blanksmust be processed for the total recoverable
measurementand for the dissolvedmeasurement,if filtrations
are performedat the site. Field blanks must be processed in

.... the laboratorythe same as laboratoryblanks.

Assessinaaccuracy

a. A calibrationcurve must be determinedfor each anallrticalrun
and the calibrationshould be checkedabout every tenth
sample. Calibrationsolutionsmust be traceableback to a
certifiedstandard from the U.S. EPA or the National Institute
of Scienceand Technology (NIST).

b. A blind standard or a blind callbrationsolutionmust be
includedin each group of about twentysamples.

6



c. At least one of the followingmust be includedin each group
of about twentysamples:
i. A matrix spike (spikedsample; the method of known

additions).
2. A CRM, if one is available in a matrix that closely

approximatesthat of the samples. Values obtained for the
CRM must be within the published values.

The concentrationsin blind standardsand solutions,spikes, and
CRMs must not be more than 5 times the median concentration
expected to be present in the samples.

Assessino precision

a, A samplingreplicatemust be includedwith each set of samples
collectedat each sampling location.

b. If the volume of the sample is large enough, replicate
analysis of at least one sample must be performed along with
each group of about ten samples.

Special considerationsconcerni_qth_ dissolvedmeasurement

Whereas the total recoverablemeasurementis especially subject
to contaminationduring the digestionstep, the dissolved
measurement is subject to both loss and contaminationduring the
filtrationstep.
a. Filtrationsmust be performed using acid-cleanedplastic

filter holders and acid-cleanedmembranefilters. Samples
must not be filteredthrough glass fiber filters, even if the
filters have been cleaned with acid. if positive-pressure
filtrationis used, the air or gas must be passed through a
0.2-um in-linefilter; if vacuum filtrationis used, it must
be performedon a class-100 bench.

b. Plastic filterholders must be rinsed and/or dipped between
filtrations,but they do not have to be soaked between
filtrationsif all the samples contain about the same
concentrationsof metal. It is best to filter samples from
low to high concentrations. A membrane filtermust not be
used for more than one filtration. After each filtration,the
membrane filtermust be removed and discarded,and the filter
holder must be either rinsed with metal-freewater or dilute
acid and dipped in a metal-freeacid bath or rinsed at least
twice with metal-freedilute acid; finally,the filter holder
must be rinsed at least twice with metal-freewater.

c. For each sampleto be filtered,the filter holder and membrane
filter must be conditionedwith the sample, i.e., an initial
portion of the samplemust be filteredand discarded.

The accuracy and precisionof the dissolvedmeasurementshould be
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assessed periodically. A large volume of a bufferedsolution
(such as aerated 0.05 N sodium bicarbonate)shouldbe spiked so
that the concentrationof the metal of interest is in the range
of the low concentrationsthat are to be measured. The total
recoverableconcentrationand the dissolved concentrationof the
metal in the spiked buffered solution should be measured
alternatelyuntil each measurementhas been performedat least
ten times. The means and standard deviationsfor the two
measurementsshould be the same. All values deleted as outliers
must be acknowledged.

ReDor_ino results

To indicate the quality of the data, reports of results of
measurementsof the concentrationsof metals must include a
descriptionof the blanks, spikes, CRMs, replicates,and
standards that were run, the number run, and the results
obtained. All valuesdeleted as outliers must be acknowledged.

Additional information

The items presentedabove are some of the importantaspects of
"clean techniques";some aspects of quality assuranceand quality
control are also presented. This is not a definitivetreatment
of these topics; additionalinformationthat might be useful is
available in such publicationsas Pattersonand Settle (1976),
Zief and Mitchell (1976),Bruland et al. (1979),Moodyand Beary
(1982),Moody (1982),Bruland (1983),AdeloJu and Bond (1985),
Berman and Yeats (1985),Byrd and Andreae (1986),Taylor (1987),
Sakamoto-Arnold(1987),Tramontanoet al. (1987),Puls and
Barcelona (1989),Windom et al. (1991),U.S. EPA (1992),Horowitz
et al. (1992),and Nriaqu et al. (1993).
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