
WhatisRiverways?
TheRiverwaysProgramwasestablishedwithintheDepartmentofFishandGame(previouslytheDepartment
ofFish,Wildlife,andEnvironmentalLawEnforcement)in1987inrecognitionthatriverandstreamcorridorsare
acrucialcomponentoftheCommonwealthofMassachusetts’secologicalinfrastructureandthatprotectionof
thesewatershedresourcescouldnotbeaccomplishedthroughlandacquisitionalone.Riverwaysencourages
andsupportslocalriver-protectioninitiativesasavitalcomplementtostateaction.Themissionoftheprogramis
topromotetherestorationandprotectionoftheecologicalintegrityoftheCommonwealth’swatersheds,rivers,
streams,andadjacentlands(www.massriverways.org).
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TheU.S.GeologicalSurveystudiedsedimentandwater
quality,withanemphasisonpolychlorinatedbiphenyls
(PCBs),inthebottomsedimentandwateroftheNeponset
River.TheUSGScompletedthisstudyincooperationwiththe
RiverwaysProgramoftheMassachusettsExecutiveOfficeof
EnvironmentalAffairsDepartmentofFishandGame,and
theU.S.EnvironmentalProtectionAgency.Themajorfind-
ingsofthisstudywere:

•Humanactivitieshaveadverselyaffectedsedimentquality
intheNeponsetRiver;

•Withtheexceptionofpolyaromatichydrocarbonsand
PCBs,contaminantconcentrationsaresimilartothoseof
otherurbanrivers;

•Sedimentcontaminantlevelsmayadverselyaffectaquatic
lifeandhumanhealth;

•PCBscontinuetobereleasedintotheNeponsetRiver;

•PCBsinthewatermayhavetoxiceffects.

UrbanRiverRestorationRequiresKnowledgeofthe
QualityofImpoundedSediment

In1998,thenDepartmentoftheInteriorSecretaryBruce
BabbittreportedthatthroughoutitshistoryAmericahadcon-
structed75,000dams.Thisnumberis,asBabbittwrote,“the
equivalentofone[dambeingbuilt]everydaysinceJefferson
wrotetheDeclarationofIndependence”(Babbitt,1998).As
thesedamshaveaged,manyhavefallenintostatesofdisrepair.

Damscommonlyinterferewithmanynaturalprocessesin
rivers.Blockingfishpassageisperhapsthemostwidelyrec-
ognizedenvironmentaleffectofdams,butthereservoirsthat
damscreatealsoinundatewetlandsandterrestrialecosystems;
withdams,riversbecomefragmented,andpeakflowsand
otherhydrologiccharacteristicsarechanged.Damsalsochange
sedimentregimesinariverbytrappingmostofthesediment
movingdownstreaminimpoundmentsbehindthedams.

DamshaveimpoundedtheNeponsetRiver,atributary
toBostonHarbor,forthepast350years(fig.1).Theriver
historicallysupportedabundantpopulationsofAmericanshad
andriverherring.Presently(2003),theestuarysupportsan
importantrainbowsmeltfishery.

LikemosturbanriversintheNortheast,theNeponsetRiver
alsohasalongindustrialhistory.Damconstructionandsettle-
mentbeganasearlyas1630.Bythemid1700s,theNeponset
Riverdrainedoneofthemostheavilyindustrializedbasins
intheNation.IndustrialactivitycontinuedontheNeponset
Riveruntil1965,whenthelastmajorindustrialfacilityrelo-
catedfromthelowersectionoftheriver.Thisindustrialpast,
combinedwiththeurbanizationthatcontinuesinthedrainage
basin,haslikelycontaminatedwater,biota,andbottomsedi-
mentthroughouttheriver.

TheWalterBakerimpoundment,alsoknownastheLowerMills
impoundment.WaterfromthisimpoundmentoncepoweredtheWalter
BakerChocolateFactory,thefirstchocolatemillinAmerica.Theoriginal
damwasbuiltin1639andisconsideredoneofthefirstdamsbuiltinthe
NewWorld.

RestoringanUrbanRiver—PolychlorinatedBiphenylsandOther
ContaminantsinBottomSedimentoftheLowerNeponsetRiver,
Massachusetts
RobertF.BreaultandMatthewG.Cooke



MucheffortbyState,local,andFederalagencieshas
alreadybeenputforthtowardsrestoringtheNeponsetRiver
andsurroundingareas,includingtheabatementofbothindus-
trialandsanitarydischarges,greenwayexpansion,economic
revitalization,andimprovingaccesstotheriver.Although
therehasbeenmuchimprovement,workremainstobedone.
Tothatend,environmentalmanagersandlocaladvocateshave
evaluatedriver-restorationefforts,suchaschannelrestoration
foraquatic-habitatimprovements,andfish-passagealterna-
tives,includingtheinstallationofengineeredfishways,dam
breaching,andremovalofthemostdownstreamdamson
thelowerNeponsetRiver—theWalterBakerDamandthe
TilestonandHollingsworthDam.Fishpassageatthesedams
wouldprovideaccesstomorethan17milesofhabitattoshad
andherringandhelpincreaserecreationaluseonthelower
NeponsetRiver,thatsectionoftheriverfromFowlMeadow
totheWalterBakerDaminMilton,MA.

Increasedpublicdialogueaboutrestoration
oftheNeponsetRiver,combinedwithriver-
channelalteration,thelonghistoryofindustri-
alizationandurbanizationalongtheriver,and
someknowledgeoftheoccurrenceandgeo-
graphicdistributionofsedimentcontamina-
tionpromptedthisstudyofbottom-sediment

qualityandquantity.TheU.S.GeologicalSurvey(USGS)
completedthisstudyincooperationwiththeRiverways
ProgramoftheMassachusettsExecutiveOfficeofEnviron-
mentalAffairs(EOEA)DepartmentofFishandGame,and
theU.S.EnvironmentalProtectionAgency(USEPA).

Thisfactsheetdiscussestheprevalenceoftraceelements
andorganiccompoundsinbottomsedimentoftheNeponset
River.BecauseofthehighconcentrationsofPCBsmeasured
intheriverandtheirhighrelativetoxicities,thisfactsheet
focusesontheoccurrence,sourceidentification,andtoxicity
ofPCBsinsedimentandwateroftheNeponsetRiver;other
bottom-sedimentcontaminantsarealsobrieflydiscussed.

Thestudydescribedinthisfactsheetconsistedofthecol-
lectionof20sediment-grabsamples(fromthetop2–4in.of
sediment),31sediment-coresamples(compositedfrom5to
50in.,dependingonthetotaldepthofthesediment),and12
measurementsofPCBconcentrationsinthewatercolumn

byusingapassivewater-samplingsystem
(PISCES)(fig.1).Sample-collectiondesign
andtechniques,laboratoryanalysis,data-
analysistechniques,andquality-assurance
andquality-controlproceduresarediscussed
indetailbyBreaultandothers(2004).

Figure1.Sediment-grab(top2–4in.ofsediment)andsediment-core(5–50in.,dependingonthetotaldepthofthesediment)samplingsitesand
locationofpassive-water-sampler(PISCES)deployment,intheNeponsetRiverofMassachusetts.
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WhyStudySedimentQuality?
Thephysicalandchemicalpropertiesofmostcontaminantsfavortheircloseassociationwithsediment.
Contaminantsofconcernincludeelementsandorganiccompounds,whichcanenterariverthrough
wastedisposal,urbanrunoff,sewers,atmosphericdeposition,andinadvertentspills.Ascontaminated
sedimenttravelsdownstream,itcommonlyaccumulatesintheslackwaterbehinddams.Eventually,
however,contaminantscanreenterthewatercolumnthroughvariousprocesses;therefore,contaminated
sedimentinimpoundmentsmaybeaperpetualsourceofcontaminationtothewaterinariver.

HumanActivitiesHaveAdverselyAffectedSediment
QualityintheNeponsetRiver

Traceelementconcentrationsmeasuredinsediment
samplesfromthelowerNeponsetRiverwerecomparedto
concentrationsfromselectedNewEnglandstreams,whichfor
thepurposesofthisstudyrepresent“nonurbanbackground”
concentrations.Thiscomparisonshowsthathistoricaland
recenthumanactivitieshaveaffectedmanytraceelement
concentrations,forexample,concentrationsoflead,acom-
moncontaminantresultingfromhumanactivities(fig.2).

Highconcentrationsofsometraceelementsinsediment,such
aslead,arenotunexpectedintheNeponsetRiverbecause
ofthehistoricalandcontinueduseofthesetraceelementsin
industryandtheuseofautomobilesintheareaaroundthe
NeponsetRiver.

Unliketraceelements,organiccompoundsdonotgener-
allyoccurnaturallyinuncontaminatedsediment;thedetection
ofanorganiccontaminantisconsideredtheresultofhuman
activities.Somepolyaromatichydrocarbons(productsof
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Figure3.TotalPCBconcentrationsmeasuredinsedimentsamplescol-
lectedfromtheNeponsetRiverandmedian(*)totalPCBconcentrations
measuredinsediment-grabsamplescollectedfromthelowerCharles
andupperMysticRiversofMassachusettsandotherurbanriversfrom
acrosstheUnitedStates.TherangeofPCBconcentrationsmeasuredin
asediment-coresamplescollectedfromWoodsPond,thefirstimpound-
mentdownstreamofaheavilyPCBcontaminatedareaontheHousatonic
River,Massachusetts,probableeffectconcentration,andthedirect-
contact,exposure-basedsoilstandardforPCBsarealsoshown.

Figure2.Leadconcentrationsmeasuredinsedimentsamplescollected
fromtheNeponsetRiverandmedian(*)leadconcentrationsmeasured
insediment-grabsamplescollectedfromthelowerCharlesandupper
MysticRiversofMassachusettsandotherurbanriversfromacrossthe
UnitedStates.Thedirect-contact,exposure-basedsoilstandardand
probableeffectandbackgroundconcentrationsforleadarealsoshown.



WhatarePCBs?
PCBs,agroupofmanufacturedorganiccompoundsconsistingofcarbon,hydrogen,andchlorine,werefirst
manufacturedin1881.IndividualPCBcompoundsarecalledcongeners.The209congenersdifferfromone
anotherwithrespecttothenumberandpositionofchlorineandhydrogenatoms.Untilthelate1970s,specific
mixturesofcongeners,calledAroclors,werecommerciallymanufacturedandsold.Originally,PCBswere
usedasflameretardantsandascoolingandinsulatorfluidsinelectricalequipment,butthestablephysical
andchemicalpropertiesofPCBsalsomadethemusefulforhomeandofficeproducts,suchasinks,dyes,and
carbonlesscopypaper.ThesesamepropertiesmakePCBsstableintheenvironment.Thisstability,andthe
healthrisksthatPCBsposetowildlife,plants,andhumans,resultedinabanofPCBusagebytheUSEPAin1979.

incompletecombustion)weredetectedinmostofthesam-
ples.SomePCBs(manufacturedorganiccompounds)were
alsodetectedinmostofthesamples(fig.3).Organochlorine
pesticides,however,werenotdetectedinthegrabsamples,
butthereweremanydetectionsofthesepesticidesinthecore
samples.Mostnotably,Chlordane,andthepesticidesDDT,
DDD,andDDEweredetectedinmanycoresamples.The
detectionofthesecompoundsinmanycoresamplesandnot
inanysediment-grabsamplesisexpected.Becausetheuse
anddisposaloftheseorganiccompoundsweremorepreva-
lentinthepastthaninrecentyears,theproductsfrompast
usesareburiedinthesediment.ThegeneraluseofDDTwas
bannedintheUnitedStatesin1972.In1988,theUSEPA
bannedallusesofChlordane.

WiththeExceptionofPAHsandPCBs,Contaminant
ConcentrationsareSimilartoThoseofOther
UrbanRivers

Grab-sampledatawerecomparedwithdatafromother
urbanriversthroughouttheUnitedStates(Rice,1999);the
datawerealsocomparedwithdatafromthelowerCharles
(Breaultandothers,2000)andupperMysticRivers(Breault,
unpublisheddata),twootherurbantributariestoBoston
Harbor.Sediment-corePCBdatawerealsocomparedtodata
fromtheHousatonicRiver,ariverinwesternMassachusetts
withknownPCBcontamination(UnitedStatesEnvironmen-
talProtectionAgency,2003).

Concentrationsoftraceelements,likelead,ingrab
samplesfromtheNeponsetRiveraregenerallyequaltoor
lessthanconcentrationsinsedimentcollectedfromother
urbanized,free-flowingrivers(Rice,1999;fig.2).Incontrast,
organiccompoundconcentrations,particularlyPAHsand
PCBs,aremuchhigheringrabsamplesfromtheNeponset
River.Forexample,medianPCBconcentrationsmeasured
ingrabsamplesfromtheNeponsetRiveraremorethan125
timesgreaterthanthosemedianconcentrationsinsediment
samplesfromotherriversacrosstheUnitedStates(Rice,
1999).

Generally,concentrationsofmanycontaminantsinsedi-
mentarelowerintheNeponsetRiverthantheyareineither
theCharlesortheMysticRivers.Incontrast,concentrations
ofPCBsinsedimentintheNeponsetaresimilartothosein
theCharlesandgreaterthanthoseintheMysticRiver.Some
partsoftheNeponsetRiverarehighlycontaminatedwith
PCBs,particularlywithincurrentimpoundmentsandformer
impoundedareas(fig.3).

Toassessthecontaminationseverity,itisusefultocom-
parePCBconcentrationsmeasuredinsedimentcorescol-
lectedfromcurrentimpoundmentsandformerimpounded
areasoftheNeponsetRivertoconcentrationsinsediment
samplescollectedfromtheHousatonicRiver(fig.3).
AlthoughconcentrationsarehigherintheHousatonicRiver
thanthoseintheNeponsetRiver,concentrationsinsediments
ofthefirstimpoundment(WoodsPond)downstreamofthe
heavilycontaminatedareaintheHousatonicRiverarecom-
parabletotheconcentrationsinthesedimentsoftheTileston
andHollingsworthimpoundmentintheNeponsetRiver(U.S.
EnvironmentalProtectionAgency,2003).

SedimentContaminantLevelsMayAdverselyAffect
HumanHealthandAquaticLife

River-restorationeffortsoftenfocusonbringingpeople
andrivertogether.Whenariverisrestored,accesstoit
improves,recreationalopportunitiesincrease,andmore
peoplefish,swim,andboatintheriver.Aspeopleinteract
withtheriver,theywilllikelycomeincontactwithsediment.

Page4

PO
TE

N
TI

AL
 T

OX
IC

IT
Y,

 IN
 P

ER
CE

N
T

100

80

60

40

20

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

SEDIMENT-GRAB SAMPLE LOCATIONS

������
������

������
���������

�������
�����

������������
�������������

���
�������

����������
����

����������
���������������

������
�����

Figure4.Estimatedaveragepotentialtoxicityforthetop2–4in.of
bottomsedimentcollectedfromtheNeponsetRiver.Forexample,asedi-
mentsamplewithanestimatedpotentialtoxicityof15percentmeans
that15outof100toxicitytestsarelikelytoshowsomeleveloftoxicity
forthecontaminantconcentrationsmeasuredinthatsedimentsample.



HowDoPCBsAffectAquaticLife?
Aspredatoryaquaticorganismseatotherorganismssuchassmallerfishororganismsthatfeedandlive
onbottomsedimentscontaminatedwithPCBs,thepredatoryorganismcanbecomecontaminated.Aquatic
organismsmayalsobecomecontaminateddirectlyfromthewatercolumnbyabsorbingdissolvedPCBs
throughgillmembranesorskin.

Informationabouthumanhealthrisksassociatedwith
contaminatedsedimentwouldallowwater-resourcemanagers
toplantheirriver-restorationefforts.Potentialhumanhealth
effectscanbeindirectlyassessedbycomparingsediment-
contaminantconcentrationswithexposure-basedguidelines.
Theseguidelines,however,donotexistforaquaticsediment,
buttheydoexistforcontaminateduplandsoil(Massachusetts
DepartmentofEnvironmentalProtection,1996).

Soilstandardsexistformanyoftheconstituentstested;but
inthesedimentsamples,onlyafewoftheconstituentswere
detectedatconcentrationsnearorabovethesoilstandard.
Moreimportantly,however,PCBsandsomePAHs,when
consideredinrelationtothedirect-contact,exposure-based
soilstandards,mayrepresentthegreatesthumanhealthrisk
intheNeponsetRiver(fig.3).

Bycomparingcontaminantconcentrationstosediment-
qualityguidelines,knownasprobableeffectsconcentrations,
sedimentqualityisquantifiableintermsofpotentialadverse
biologicaleffectstobenthicorganisms,whichliveandfeed
intheriverbottomandareanimportantfoodsourceformuch
oftheotherlifeintheriver(Ingersollandothers,2000).The
averageestimatedtoxicitypotentialtobenthicorganisms
rangedfromabout15percentto80percentamongthegrab
samples(fig.4).Forexample,asinglesedimentsample
withanestimatedpotentialtoxicityof15percentindicates
that15outof100toxicitytestsonthatsinglesamplelikely
willshowtoxicity.Inthisstudy,tracemetalsandPAHs

accountedforsomepotentialtoxicity.Moreimportantly,
PCBsweremostresponsibleforpredictedtoxicity(Ingersoll
andothers,2000).

PCBsContinuetobeReleasedintothe
NeponsetRiver

PISCESsamplers,deployedinthewatercolumn,absorb
PCBsfromthewateracrossasemipermeablemembraneinto
asampleofhexane,inwhichtheydissolveandaccumulate.
Sampleanalysisshowsacharacteristicpatternofindi-
vidualPCBcompounds,knownascongeners,whichcanbe
characteristicofaPCBsource,inthesamewaythatfinger-
printsareuniquetoanindividual.Thedegreeofdifference
betweenthesepatternsinsamplescollectedfromadjacent
samplinglocationscanbeanalyzedwithastatisticknown
astherootmeansquaredifference(RMSD).Statistically,
differentRMSDvaluesindicateameasurabledifferencein
congenerpatternbetweensamplinglocationsandthus
potentiallydifferentPCBsources(Breaultandothers,2004).

ThemostlikelysourceofdissolvedPCBstotheNeponset
River,asindicatedfromPISCESdata,isbottomsediment
downstreamfromFairmontAvenue.ThisPCBcontaminated
sedimentwaslikelytransportedfromahistoricsourceand
depositedinthispartoftheriver.Thepointofmaximum
changeinPCBcongenerpatternmeasuredinbottomsedi-
mentcoincideswiththatofthePISCESsamples(fig.5).
Thesedataareconsistentwithahistoricsourcelocatedjust
upstreamfromFairmontAvenue.Alternatively,thechangein
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Figure6.ConcentrationsofPCBsdissolvedinthewaterestimatedfrom
duplicatePISCESsamplersateachlocation.Waterconcentrations
increasesharplydownstreamoftheFairmontAvenuePISCESsampling
locationandgenerallydecreasedownstreamofthatlocation.Estimated
concentrationsofPCBsdissolvedinthewaterdownstream(lefttoright)
oftheFairmontAvenuePISCESsamplinglocationexceedtheU.S.Envi-
ronmentalProtectionsAgency’s(USEPA)freshwaterconcentrationlimit
(continuouschroniccriterion)forPCBsdissolvedinwater.
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Figure5.MeanPCBconcentrationmeasuredinpassive-watersam-
plers(PISCES)andthedegreeofthechangeinPCBcongenerpattern
(orfingerprint)alongtheNeponsetRiver—asindicatedbythestatistic
rootmeansquaredifference(RMSD).ThemostlikelysourceofPCBs
totheNeponsetRiverissomewherebetweentheMartiniShelland
FairmontAvenuesamplinglocationsorbetweenReservationParkand
FairmontAvenue.
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congenerpatterncouldbecausedbyanaerobicdegredation
ofthehistoricPCBcontaminationinthedepositionalzonein
thatpartoftheriver.Inthiscase,thehistoricsourcewould
belocatedfartherupstream(Breaultandothers,2004).

PCBsintheWaterMayHaveToxicEffects
BecausePCBsaffectfish,wildlife,andhumanhealth,

environmentalmanagementagencies,includingtheUSEPA,
setmaximumacceptablevaluesforPCBsinwater.Thecur-
rentacceptablevalueforPCBconcentrationsinfreshwateris
14.0partspertrillion(ppt).

PISCESsampledataindicatethatPCBconcentrations
inMotherBrook(averageestimatedPCBconcentration
equalto1.2ppt)orintheNeponsetRiverupstreamof
FairmontAvenue(2.8ppt)wouldnotbeexpectedtocause
adversebiologicaleffects.Ontheotherhand,exposureto
PCBsdownstreamoftheFairmontAvenuesamplinglocation
(66ppt)mayadverselyaffectaquaticorganismsorwildlife
(fig.6).

AlthoughPCBconcentrationsinaquaticorganismswere
notdirectlymeasured,theywereestimatedfromthePISCES
data(Breaultandothers,2004).AveragePCBconcentrations
inpredatory-fishfillets(ediblefishparts)wereestimatedto
rangefromabout0.04partspermillion(ppm)to0.3ppm
upstreamoftheFairmontAvenuesamplinglocationand
tobeabout0.9ppmdownstreamofthesamplinglocation.
Theseconcentrationsaresimilartothosemeasuredbythe
MassachusettsDepartmentofEnvironmentalProtection
(MDEP)in1994(MassachusettsDepartmentofEnviron-
mentalProtection,1994).OnthebasisoftheMDEPfind-
ings,theMassachusettsDepartmentofPublicHealthissued
afish-consumptionadvisoryforbrownbullheadcollected
fromtheNeponsetRiverbetweentheHollingsworthand
VoseDam(Walpole,MA)andtheTilestonandHolling-
sworthDam(HydePark,MA).

Theorganiccompounddioxinisamongthemosttoxicof
substancesfoundintheenvironment.Ofthe209PCBconge-
ners,13areconsidereddioxin-like;thatis,theycausetoxic
effectssimilartothosecausedbydioxin.Becauseofthis
similarity,thetoxicityofthesecongenerscanbeassessedin
relationtothetoxicityofdioxin.Thisassessmentisreferred
toastoxicequivalency(TEQ).

EstimatedPCBwater-columnconcentrationsinthe
NeponsetRiver,whenexpressedintermsofTEQ,were
generallynearorslightlygreaterthantheUSEPAhuman-
healthstandardfordioxin(0.000005ppt),exceptforthesam-
plefromtheIncineratorRoadlocation.ThelargesttotalTEQ
wascalculatedforthesamplescollectedjustdownstreamof
theTilestonandHollingsworthDam.Atthissamplingloca-
tion,theTEQwasestimatedtobeabout10timesgreaterthan
thestandard.

Sediment-QualityDataSupportFutureRiver-
RestorationDecisions

Thedatapresentedherewillhelpenvironmentalmanag-
ersevaluatetheadvantagesandlimitationsoffish-passage
alternativesandsediment-managementoptions.Possible
optionsincludedredgingandremovalofcontaminatedsedi-
ment,channelrestorationwithstabilizationofcontaminated
sediment,andbreachingandremovalofdamsallowingfor
redistributionofcontaminatedsedimentdownstream.Knowl-
edgeofexistingconcentrationsanddistributionpatternsof
contaminantsintheriverwillhelpguidetheselectionof
themostcost-effectiveandenvironmentallybeneficialriver-
restorationstrategies.RestorationofthelowerNeponset
Riverwillpreservethisvaluableresourceandultimately
contributetotheprotectionoftheNeponsetRiverEstuary
andBostonHarbor.
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