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1. INTRODUCTION

At therequestofGardner,CartonandDouglas,EA Engineering,Science,andTechnology

conductedan acuteToxicity IdentificationEvaluation(TIE) on agrabsampleof filter effluent

from BF Goodrich,Henry,Illinois. TheacuteTIE methodologyconsistedoftheEPAPhaseI

proôedures(U.S.EPA 1991)andwasperformedusing Ceriodaphniadubia (water flea)asthe

test species.TheobjectiveoftheTIE studywasto characterizethephysical/chemicalproperties

of thecompound(s)contributingto acutetoxicity in thesample.
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- 2. MATERIALS AND METHODS

2.1 SAMPLE DESCRIPTION -

A grabsampleof filter effluent was collectedon 7 January1999 from BF Goodrich’sHenry

facility, and shippedon wet icevia overnightcarrierto EA’s EcotoxicologyLaboratoryin

Sparks,Maryland. Uponreceipt,thesamplewas loggedin andassignedAquaticToxicology

AccessionNumberAT9-002. Table 1 summarizesthesamplecollectiondata. Alkalinity,

hardness,conductivity, salinity, ammonia,pH, dissolvedoxygenandtotal residualchlorine

measurementsweremadeon the effluent sampleusingmethodsdescribedin APHA (1998)and

US EPA (1979),andtheseresultsarealsopresentedin Table1. Thesamplewasstoredin the

darkat 4°Cwhennot beingusedfor testing. -

2.2 TESTORGANISMS

Ceriodaphniadubia wereculturedin EA’s laboratoryusing syntheticmoderatelyhard

freshwaterasdescribedbelow. Thecultureswerekept in an environmentallycontrolledroom

at25±2°Cwith a 16-hourlight/8-hourdarkphotoperiod. Organismswerefed daily as

describedin US EPA 1993 andthinnedas necessaryto maintainhealthy,productivecultures.

Adults wereseparatedfrom thebulk culturesat leastoneweekprior to testinitiation, placedin

individual 30-ml plasticcups(15-mi volume)in broodboards,andfed heavily. Gravid adults

were reisolatedandfed theeveningbeforethetestto ensurethat neonates(young)wereless

than24-hoursold at testinitiation.

2.3 DILUTION WATER

The laboratorywaterusedin culturing andtestingtheC. dubia was syntheticmoderatelyhard

freshwater(US EPA 1993). Batchesof this waterweremadeby passingdeionizedwater

throughactivatedcarbon,addingreagentgradechemicals,andaeratingovernight. Thewater

wasstoredat25°Cundergentleaerationuntil needed.
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2.4 TOXICITY IDENTIFICATION EVALUATION

2.4.1 Toxicity IdentificationEvaluationProcedures

Chronictoxicity testswereinitiatedon 7 January1999with Ceriodaphniadubia andPimephales

promelas,usinga suiteofthreegrabsamplesoffilter e4iluentprovidedby BFGoodrich. The

resultsofthesetestindicatedthat thesecondsampleofthesuiteofthree(AT9-002, collected7

January1999)wasacutelytoxic to both testspecies.Theacutetoxicity wasconfirmedthrough

theperformanceof acutetoxicity testsinitiated on this sampleon 9 January.Theresultsfrom

thesetestsarepresentedanddiscussedin EA Report#3016. An acuteTIE wasperformedon

sampleAT9-002,using C. dubia asthetestspeciesto allow forsmallertestsolutionvolumes

andthusconservesample.

TheacuteTIE methodologyincludedselectedmanipulationsfrom thePhaseI TIE procedures

presentedin U.S. EPA. 1991. Thisprocedureis atieredapproachandinvolvesfractionationof

thewastewaterandtesting eachoftheindividualfractionsfor acutetoxicity (Figure1). All of

thevarioustreatmentsincludesystemblankswhichhelpensurethatpotentiallytoxic artifacts
• resultingfrom fractionationproceduresaredetected.

SampleAT9-002wasevaluatedto determinewhethertreatmentssuchasaeration,filtration, or

variouspH treatments(pH3,P11ii andtheinitial pHof thesampleatreceipt[pH i]) were

successfulin reducingtheobservableacutetoxicity ofthesample.Comparisonoftheaerated

versusunaeratedsampletestresultsprovidesanindicationof theacutetoxicity associatedwith

volatile compounds.The filtration (1.0~m glassfiber) treatmentis designedto determine

whethertoxicity is presentin thesuspendedparticulatephaseor thesolublephaseofthesample.

In addition,C18 columnsolidphaseextraction(SPE)wasperformedon thecompositesample

adjustedto pH3, pHi, andpH9. Removalof thenonpolarorganiccompoundsis accomplishedby‘ passingthesamplethrougha6 ml C18 solidphaseextractioncolunm(J.T.Baker Chemical

Company,Phillipsburg,NJ). Sufficient samplevolumeis passedthroughthecolumn(1,000ml),

andthepass-throughis evaluatedfor acutetoxicity. Nonpolarorganiccompounds(molecular
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weight lessthan2000)thatwerein theeffluent sampleareabsorbedontotheC18 column,and

thusthe C18 pass-throughcontainsagreatlyreducedconcentrationsofpotentiallytoxic non-polar

organiccompounds.The C18 columncanalsosorbcertainsurfactantsandseveralmetals(e.g.,

copper).

Methanolelution wasalsoperformedon theC18 colunm. In thisprocedure,two 2-mi subportions

ofhigh qualitymethanol(totalof4 ml) arepassedthroughthecolumn andnonpolarorganic

compoundsareelutedfrom thecolumn. Assuming100percentextractionandelutionefficiency,

thetheoreticalconcentrationbackcalculatedto theoriginal sampleis 25,000percent;or the

nonpolarorganiccompoundsareconcentrated250 times in themethanolelutionsascomparedto

theoriginal effluent concentrations.The toxicity testsfortheC18 columnmethanolelutiontake

advantageoftheability to concentratethenonpolarorganiccompoundsbydosingthehighest

treatmentat fourtimes thetheoreticalconcentrationoftheeffluent (i.e.,theorecticaleffluent

concentrationof400perccnt). This approachis conservativebecausenotall nonpolarorganics

have100percentextractionandelution efficienciesusingtheC1~columns.

As partoftheEPAPhaseI TIE, thecompositedsamplewasevaluatedusingtheEDTA Chelation

Testfor cationicmetals,andtreatmentwith sodiumthiosulfate,whichreducesoxidants. It

• shouldbepointedout, that thesetreatmentsarenot entirelyspecificto eithermetalsor oxidants,

• - andcaninteractwith othercomponentsin thesample.Also, thesecompoundsdo not removethe

potentialtoxicantsfrom thesample;theyonly reducethe toxicant’sbiological availability.

H Evaluationswere alsoperformedon aliquotsofthecompositesamplewhichhadbeenpH

adjustedto pH 6.0, 7.0 and8.0 (graduatedpH test). The testpHhasasubstantialeffect on the

toxicity of manycompoundsfoundin effluents. Changesin pH canaffectthesolubility, polarity,

volatility, andspeciationofacompoundtherebyaffectingits bioavailability aswell asit’s

toxicity. ThegraduatedpH testemployedthehydrogenion buffersMES (2-[N-morpholino]

ethanesulfonicacid; pH = 6.2),MOPS(3-[N-Morpholino]propanesulfonicacid; pH=7.2), and

POPSO(Piperazine-N,N’ -bis’ [2-hydroxypropanesulfonicacid];pH=8.2).
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Figure1 showsstep-by-stepproceduresemployedforthis TIE PhaseI assessment.Whenthe

testson theTIE manipulatedsampleswereinitiated, theunmodifiedwholesamplewasagain

evaluated(baselinetest)for its acutetoxicity to C. dubia to determineif thetoxicity ofthe

compositedsamplechangedwith storagetime.

Limited-scaleacutetoxicity testswereconductedateac~hindividualfractionationstep. The

limited-scaleacutetestswereusedto quantifythetoxicity reductionresultingfrom each

fractionationtreatment.Detailsconcerningtheacutetoxicity testingproceduresarepresentedin

Section2.4.2.

A summaryofTIE PhaseI (Tier I) treatmentstepsutilized in this studyincludedthefollowing:

• Initial toxicity

• Baselinetoxicity (pH i)

• pH Adjustment(pH3, pH~

• Aeration(p113,pH i, pH ~

• Filtration (p113,pH i, pH ~

• C18 SPEColumn(pH3, pH i, pH 9)

• MeOH Elution (pH3, pH i, pH 9)

• EDTA Chelation(pH i)

• OxidantReduction(usingsodiumthiosulfate)(pHi)

• GraduatedpH (pH 6.0, 7.0, 8.0)

2.4.2 AcuteToxicity Testson FractionationTreatments

The48-hourC.dubiaacutetoxicity testsconductedon thefractionationtreatmentswereinitiated

on 19 and20 January1999. Testchamberswere30 ml plasticcupscontaining15 ml oftest

solution. Thetestorganismsusedin thefractionationtestswere exposedto a laboratorycontrol

ofmoderatelyhardsyntheticfreshwater,andto 100, 30, 10 and3 percentconcentrationsofeach
treatment(with thefollowing exceptions).Thebaselinetests(pH i) whichwereinitiatedon 19

and20 Januaryhadfive exposureconcentrations(100,30, 10, 3 and 1 percent). The tests
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performedon themethanolelutionfractionsincluded3 exposureconcentrations(100,200 and

400percent).ThegraduatedpH testsconsistedof25 and50 percentconcentrationsanda

laboratorywatercontrol. ThesodiumthiosulfateandEDTA testshad3 concentrationsanda

control(100,30 and10 percenttreatment). Eachtestconcentrationandcontrolhadtwo

replicatesof five C. dubia each. Thesystemblankswerealsotestedwith 2-replicatesof 100

percentconcentrationwith five C. dubia perreplicate. Testconcentrationsweremeasuredusing

ClassA glassware.Small volumesofeffluent anddilution waterwerefirst measuredin ClassA

pipets,addedto agraduatedcylinder,andbroughtto volumewith dilution water. All testswere

performedat25±1°Cwith a 16-hourlight/8-hourdarkphotoperiod.Prior to preparationoftest

solutions,asubsampleofeffluent anddilution waterwasbroughtto thetargettesttemperature,

using awaterbath.

The C. dubia werefed dailywith atrout chow/yeast/cerealleavessolutionsupplementedwith

algae(S. capricornutum)asdescribedin USEPA(1993). Forty-eighthourLC5O valueswere

calculatedfrom mortality observationsperformedattheendofthe48-hourexposureperiod

following Stephan(1977). AcuteToxicUnits (TUa) werealsocalculatedfor eachLC5O value.

ThetermAcuteToxic Unit is definedas:

Acute Toxic Unit (TU) 100
LC5O

wheretheC. dubia 48-hourLC5O valueis expressedaspercenteffluent.

2.5 REFERENCETOXICANTTESTS

In conformance with EA’ squality assurance/quality control program, a reference toxicant test

wasperformedwith thespeciestested. The C. dubia wereexposedto thereferencetoxicant

sodiumchloride(NaC1) to determinethe48-houracuteresponseof thesetestorganisms.The

testwasperformedwith a gradedconcentrationseriesof toxicantanda dilution watercontrol.

Theresultswerecomparedto theestablishedcontrolchartlimits setby EA.
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2.6 ARCHIVES

Original datasheets,records,memoranda,notes, andcomputerprintoutsarearchivedat EA’ s

BaltimoreOffice in Sparks,Maryland. Thesedatawill be retainedfor aperiodof 5 years

unlessalongerperiodof time is requestedby Gardner,CartonandDouglas.
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3. RESULTS

Theresultsofthe acutetoxicity testsconductedon thewholeeffluentsample(baselinetests)andon

the individual fractionationtreatmentsaresummarizedin Table2. Thebaselinetests,initiatedon 19

and20 January1999hada 48-hourLC5O of 17.3 percenteffluent (TUa = 5~8).This wasvery

similar to the48-hourLC5O valuefrom theacutetoxicity testinitiatedwith this sampleon 9 January

1999 (16.9percenteffluent) asdiscussedin EA Report#3016,indicating that theobservedtoxicity

waspersistentwith time.

Noneofthefractionationtreatmentsweresuccessfulin removing,orsignificantlyreducingthe

observedacutetoxicity. Therewereno survivingorganismsin the30 or 100percentconcentrations

of anyfractionationtreatment;andsurvivalin the10%concentrationsrangedfrom 80 — 100percent.

Noneofthetestedmethanolconcentrations(100,200 or400 percent)hadsurvivingorganismsafter

48 hoursofexposure.Similarly,with oneexception,therewereno survivingorganismsin the25 or

50 percentconcentrationsofthegraduatedpH treatments.Theexceptionwas10 percentsurvivalin

thepH6 25 percentconcentration.

With oneexception,thetreatmentblanksperformedduring thisTIE hadaminimumof 90 percent

survival after48 hoursofexposure,suggestingthat thefractionationmanipulationsdid not introduce

acutetoxicity to thetreatments.TheaerationpH11 blankhad80 percentsurvival.

Thesalinity for sampleAT9-002was6.4ppt. If this salinitywascomposedofonlyNaC1,it would

yield an approximate48-hourLC5O of33 percenteffluent. Sincethe48-hourLC5O for this sample

rangedbetween16.9 and17.3, theobservedacutetoxicity could likely becausedby factorsother

thanthesalinity, suchasammoniaandnon-polarorganics.

The48-hourLC5O value for thereferencetoxicanttestperformedduringthemonthofJanuaryon

EA-culturedC. dubia was 1.6g/L NaCl. Theacceptablerangedbasedon EA Ecotoxicology

Control Chartswas 1.3 — 2.5g/L NaCl.
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TABLE I SAMPLECOLLECTION/RECEIPTANDINITIAL WATERQUALITY DATA
FOR THEBFGOODRICHFILTER EFFLUENTSAMPLECOLLECTED

7 JANUARY 1999

EA AccessionNumber: AT9-002

SampleDescription: - FilterEffluent

SampleCollection: 1300,7 January1999

SampleReceipt: 1450,8 January1999

Temperature (°C): 11.0

pH: 6.8

AlkalInity (mg/L): 108
Hardness (mgIL): 96

Conductivity (uS/cm): 15,940

Total ResidualChlorine (mg/L): <0.01

Salinity (ppt): 6.4

DissolvedOxygen (mg/L): 5.3

Ammonia (mg/L): 194



TABLE 2 RESULTSOFACUTE TOXICITY IDENTIFICATION EVALUATION ON EFFLUENT SAMPLE
FROM BF GOODRICH . -

PercentSurvival (48-hours)

48-hrLC5O
~~tment Control j~f~~ J.Q~ 3.~o - j.Q’o - (percentsample) fli~

Baseline(1/19/99) 90 100 100 100 - 0 0 - 17.3 5.8

48-hrLC5O -

Control ~ ~ j.Q~o (percentsample) - ILin

pH Adjustment

M - pH3 100 100 80 0 0 14.1 7.1

pH, 100 100 90 0 0 - 15.4 6.5

.

pH11 90 70 80 0 0 14.1 7.1
Aeration

pH3 100 100 100 0 0 17.3 5.8

pH1 100 100 100 0 0 17.3 5.8
pH11 100 100 100 0 0 17.3 5.8

Filtration

pH3 100 100 100 0 0 17.3 5.8

pH1 100 80 100 0 0 17.3 5.8

pH11 100 100 90 0 0 15.4 6.5

C~8Column

pH3 100 100 90 0 0 15.4 6.5

pH1 100 100 80 0 0 14.1 7.1

P pH9 100 100 100 0 0 17.3 5.8
SodiumThiosulfate -

2.5 mg/L 100 -- 100 0 • 0 17.3 5.8

5.Omg/L 100 -- 100 0 0 17.3 5.8

10.0

mg/L 90 -- 90 0 0 15.4 6.5

EDTA Chelation

0.2mg/L 100 -- 100 0 0 17.3 5.8

0.4mgfL 100 -- 100 0 0 17.3 5.8

0.8mgfL 100 -- 100 0 0 17.3 5.8



TABLE 2 (Continued)

PercentSurvival (48-hours)

- 48-hrLC5O
Treatment Control .i~ 1~ .thL~%~ (nercentsample) IL~

Baseline(1/20/99) 90 100 100 100 0 0 17.3 5.8

Control iQQ~k’Q 2Q~ 4~’o 48-hrLC5O ILi~

MeOHElution -

pH3 100 0 0 0 <100 >1.0

pH, 100 0 0 0 <100 >1.0

pH9 90 0 0 - 0 - <100 >1.0

GraduatedpH Control 25%~ ~S2~ 48-hrLC5O TUa

pH6 100 10 0 <25 >4.0

• pH7 100 0 0 <25 >4.0

pH3 100 0 0 <25 >4.0



TABLE 3 TOXICITY IDENTIFICATION EVALUATION SYSTEMBLANKS PERFORMED
FORTESTINGONSAMPLEAT9-002 COLLECTED7 JANUARY 1999

- 48-hour Survival •

Treatment System Blanks (percent) -

pH Adjustment

pH3 100

PHIl . 100

Filtration

p113 . 100

pHi . 100

pH11 100

Aeration

100

pHi 91

pH11 80(a)

C18 ColunmExtraction

pH~ 100

pHi 100

pH9 - 100

MeOH Elution

pH~ 100

pHi 100

pH~ - 90

EDTA Chelation

0.2 100

0.4 100

0.8 100

SodiumThiosulfate

2.5mg/L 100

5.Omg/L 100

10.0 mg/L 100

(a) ReplicateB is consideredanomalousandwasnot includedin thereporteddata.
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