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THE ADMINISTRATOR 

The Honorable Albert Gore, Jr. 
President of the Senate 
Washington, D.C. 20510 

Dear Mr. President: 

As required by the Water Resources Development Act of 1992 (WRDA), I am pleased to 
transmit the Environmental Protection Agency's (EPA) Report to Congress on the Incidence and 
Severity of Sediment Contamination in Surface Waters of the United States. This report 
describes the accumulation of chemical contaminants in river, lake, ocean, and estuary bottoms 
and includes a screening assessment of the potential for associated adverse effects to human and 
environmental health. It represents the first comprehensive EPA analysis of sediment chemistry 
and related biological data to assess what is known about the national incidence and severity of 
sediment contamination. As directed by WRDA, EPA consulted with the U.S. Army Corps of 
Engineers and the National Oceanic and Atmospheric Administration in compiling data and 
preparing the report. 

EP'A studied available data from sixty-five percent of the 2,111 watersheds in the 
continental United States and identified ninety-six watersheds that contain "areas of probable 
concem." In portions of these watersheds, environmental conditions may be unsuitable for 
bottom dwelling creatures, and fish that live in these waters may contain chemicals at levels 
unsafe for regular consumption. Areas of probable concem are located in regions affected by 
urban and agricultural runoff, municipal and industrial waste discharge, and other pollution 
sources. EPA recommends that resource managers hlly examine the risks to human health and 
the environment in these watersheds. Authorities should take steps to ensure that major pollution 
sources are effectively controlled and that plans are in place to improve sediment conditions and 
to support long-term health goals. EPA's goals for managing the problem of contaminated 
sediment are provided as an enclosure to this letter. 



The process to produce EPA's Report to Congress on the Incidence and Severity of 
Sediment Contamination in Surface Waters of the United States has been thorough and 
extensive, meeting WRDA requirements for Federal agency consultation, as well as EPA's own 
standards and policies regarding internal program and regional office review, external scientific 
peer review, and external stakeholder review. I would be pleased to further discuss the contents 
of this report at your convenience. 

Carol M. Browner 

Enclosure 
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The Honorable Newt Gingrich 
Speaker of the House of Representatives 
Washington, D.C. 20515 

Dear Mr. Speaker: 

As required by the Water Resources Development Act of 1992 (WRDA), I am pleased to 
transmit the Environmental Protection Agency's (EPA) Report to Congress on the Incidence and 
Severity of Sediment Contamination in Surface Waters of the United States. This report 
describes the accumulation of chemical contaminants in river, lake, ocean, and estuary bottoms 
and includes a screening assessment of the potential for associated adverse effects to human and 
environmental health. It reoresents the first comvrehensive EPA analvsis of sediment chemistrv 
and related biological data to assess what is known about the national;ncidence and severity of  
sediment contamination. As directed by WRDA, EPA consulted with the U.S. Army Corps of 
Engineers and the National Oceanic and Atmospheric Administration in compiling data and 
preparing the report. 

EPA studied available data from sixty-five percent of the 2,111 watersheds in the 
continental United States and identified ninety-six watersheds that contain "areas of probable 
concern." In portions of these watersheds, environmental conditions may be unsuitable for 
bottom dwelling creatures, and fish that live in these waters may contain chemicals at levels 
unsafe for regular consumption. Areas of probable concern are located in regions affected by 
urban and agricultural runoff, municipal and industrial waste discharge, and other pollution 
sources. EPA recommends that resource managers fully examine the risks to human health and 
the environment in these watersheds. Authorities should take steps to ensure that major pollution 
sources are effectively controlled and that plans are in vlace to imvrove sediment conditions and 
to support long-term health goals. EPA's goals for managing the problem of contaminated 
sediment are provided as an enclosure to this letter. 



The process to produce EPA's Report to COngress on the Incidence 
Sediment Contamination in Surface Waters of the United States has been 
extensive, meeting WRDA requirements for Federal agency consultation, 
standards and policies regarding internal program and regional ofice 
peer review, and external stakeholder review. I would be pleased to 
of this report at your convenience. 
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Managing Contaminated Sediment in the United States 

Issue Background 

Many pollutants released to the environment settle and accumulate in the silt and mud 

called sediment on the bottoms of rivers, lakes, estuaries, and oceans. Much of the 

contaminated sediment in the U.S. was polluted years ago by such chemicals as DDT, 
PCBs, and mercury, which have since been banned or restricted. These contaminants are 

now found less frequently in overlying surface water than in the past. However, they can 
persist for many years in the sediment, where they can cause adverse effects to aquatic 
organisms and to human health. Some other chemicals released to surface waters from 

industrial and municipal discharges, and polluted runoff from urban and agricultural 

areas, continue to accumulate to environmentally harmful levels in sediment. 

Costs of Sediment Contamination 

Ecological and human health impairment due to contaminated sediment imposes costs 
on society. Fish diseases causing tumors and fin rot and loss of species and communities 

that cannot tolerate sediment contamination can severely damage aquatic ecosystems. 
Contaminants in sediment can also poison the food chain. Fish and shellfish can become 

unsafe for human or wildlife consumption. Potential costs to society include lost 

recreational enjoyment and revenues or, worse, possible long-term adverse health effects 

such as cancer or children's neurological and IQ impairment if fish consumption 

warnings are not issued and heeded. The health and ecological risks posed by 
contaminated sediment dredged from harbors can lead to increased cost of disposal and 
lost opportunities for beneficial uses, such as habitat restoration. 

Volume of contaminated Sediments 

The U.S. Environmental Protection Agency estimates that approximately 10percent of 
the sediment underlying our nation's surface water is sufficiently contaminated with toxic 

pollutants to pose potential risks to fish and to humans and wildlife who eat fish. This 

represents about 1.2 billion cubic yards of contaminated sediment out of the 
approximately 12billion cubic yards of total surface sediments (upper five centimeters) 

where many bottom dwelling organisms live, and where the primary exchange processes 
between the sediment and overlying surface water occur. Approximately 300 million 



cubic yards of sediments are dredged from harbors and shipping channels annually to 

maintain commerce, and about 3-12 million cubic yards of those are sufficiently 

contaminated to require special handling and disposal. These amounts are graphically 

illustrated in the diagram below. 
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Where is contaminated sediment a potential concern? 

EPA has studied data from 1,372 of the 2,111 watersheds in the continental U.S.Of 

these, EPA has identified 96 watersheds that contain "areas of probable concern" where 

potential adverse effects of sediment contamination are more likely to be found. These 
areas, identified in the figure below, are on the Atlantic, Gulf, Great Lakes, and Pacific 
coasts, as well as in inland waterways, in regions affected by urban and agricultural 

runoff, municipal and industrial 
waste discharges, and other 
pollution sources. Some of 

these areas have been studied 

extensively, and now have 
appropriate management 
actions in place. However, 

others may require further 
evaluation to confirm that 
environmental effects are 

occurring. 



EPA's Contaminated Sediment Goals 

EPA's Contaminated Sediment Management Strategy establishes four goals to 

manage the problem of contaminated sediment, and describes actions the Agency intends 
to take to accomplish those goals. The four goals are: 

1. Prevent the volume of contaminated sediment from increasing. To accomplish 

this, EPA will employ its pollution prevention and source control programs. Both the 
pesticides and toxic substances programs will use new and existing chemical registration 
programs to reduce the potential for release of sediment contaminants to surface waters. 

The water program will work with States and Tribes to identify waterbodies with 

contaminated sediment as impaired and target them for Total Maximum Daily Load 

evaluations. EPA will also work with the States and Tribes to enhance the 
implementation of point and nonpoint source controls in these watersheds. 

2. Reduce the volume of existing contaminated sediment. EPA will consider a range 
of risk management alternatives to reduce the volume and effects of existing 

contaminated sediment, including in-situ containment and contaminated sediment 

removal. In some cases, risk managers may select a combination of practicable 

alternatives as the remedy. Where natural attenuation is part of the selected alternative, 
EPA will accelerate pollution prevention and source control efforts, where appropriate, to 

ensure that clean sediments will bury contaminated ones within an acceptable recovery 

period. During the recovery period, EPA will work with the States to improve human 
health protection by establishing and maintaining appropriate fish consumption 

advisories. In all cases, environmental monitoring will be conducted to ensure that risk 

management goals are achieved. 

3. Ensure that sediment dredging and dredged material disposal are managed in an 
environmentally sound manner. EPA carefully evaluates the potential enviropmental 

effects of proposed dredged material disposal. In addition, EPA is initiating a national 
stakeholder review process to help the Agency review the ocean disposal testing 

requirements and ensure that any future revisions reflect both sound policy and sound 
science. EPA and the Army Corps of Engineers also will provide appropriate guidance to 

further encourage and promote beneficial uses of dredged material. 



4. Develop scientifically sound sediment management tools for use in pollution 

prevention, source control, remediation, and dredged material management. Such 

tools include national inventories of sediment quality and environmental releases of 

contaminants, numerical assessment guidelines to evaluate contaminant concentrations, 
and standardized bioassay tests to evaluate the bioaccumulation and toxicity potential of 

specific sediment samples. 

Working with States and Tribes through existing statutory authorities, EPA can 

identify impaired waterbodies and watersheds at risk from contaminated sediment, 
implement appropriate actions to accomplish the goals described above, and monitor the 

effectiveness of actions taken to accomplish the Agency's goals. 
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The National Sediment Quality Survey is a screening-level assessment of sediment quality 
that compiles and evaluates sediment chemistry data and related biological data taken from 
existing databases. The data and information contaimd in this document could be used in 

various EPA regulatory programs for priority setting or other purposes after further evaluation for 
program-specific criteria. However, this document has no immediate or direct regulatory conse- 
quence. It does not in itself establish any legally binding rqukments, establish or affect legal rights 
or obligations, or represent a determination of any pfcty's liability. 
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Executive Summary 

his report, The Incidence and Severity of Sedi- Volume 2: D a h  Summariesfor Areas of Prob-
Contamination in Surface Waters of the able Concern (APCs)Sampling station loca-

1United States. describes the accumulation of tion maps and chemical and biological summary 
chemical contaminants in river, lake, ocean, and e s t u q  
bottoms and includes a screening assessment of the po-
tential for associated adverseeffects on human and envi-
ronmental health. The United States Environmental 
Protection Agency (EPA) prepand this report to Con-
gress in response to requirements set forth in the Water 
Resources DevelopmentAct (WRDA)of 1992,which di-
rected EPA, in consultationwith the National Oceanic and 
Atmospheric Administration(NOAA)and the U.S. Army 
Corps of Engineers (USACE), to conduct a comprehen-
sivenational surveyofdataregarding the quality of aquatic 
sediments in the United States. The Act required EPA to 
compileall existinginformationon the quantity,chemical 
and physical composition, and geographic location of 
pollutants in aquatic sediment, including the probable 
source of such pollutants and identification of those 
sediments which are contaminated. The Act further 
required EPA to report to the Congress the findings, 
conclusions. and recommendations of such survey, 
including recommendations for actions necessary to 
prevent contamination of aquatic sediments and to 
control sources of contamination. The Act also re-
quires EPA to establish a comprehensive and continu-
ing program to assess aquatic sediment quality. As 
part of this continuing program, EPA must submit a 
national sediment quality report to Congress every 2 
years. 

To comply with the WRDA mandate,EPA's Office 
of Science and Technology (OST) initiated the National 
Sediment Inventory (NSI). The NSI is a compilation of 
existing sedimentquality data; protocols used to evaluate 
the data; and various reports and analyses produced to 
present the findings, conclusions, and recommendations 
for action. EPA produced this fist  report to Congress in 
four volumes: 

Volume 1: National Sediment Quality Sur-
vey-Screening analysis to qualitatively as-
sess the probability of associated adverse 
human or ecological effects based on a weight-
of-evidence evaluation 

data foi watersheds containing APCs 

Volume 3: Natwnal Sediment Contaminant 
Point SourceInventory--Screening analysisto 
identify probable point source contributors of 
sediment pollutants 

Volume 4: National Sediment Contaminant 
Nonpoint SourceInventory4creening analy-
sis to identify probable nonpoint source con-
tributors of sediment pollutants (in preparation 
for subsequent biennial reports) 

EPA prepared Volume I, theNationalSediment Qual-
ity Suwey, to provide a national baseline screening-level 
assessment of contaminatedsedimentover a time period 
of the past 15 years. To accomplish this objective, EPA 
applied assessment protocols to existing available data 
in a uniform fashion. EPA intended to accuratelydepict 
and characterize the incidence and severity of sediment 
contamination based on the probability of adverse ef-
fects to human health and the environment. The process 
has demonstrated the use of "weight-of-evidence" mea-
sures (including measures of the bioavailability of toxic 
chemicals)in sediment quality assessment. Information 
containedin this volume may be used to further investi-
gate sedimentcontaminationon a national,regional, and 
site-specific scale. Further studies may involve toxico-
logical investigations, risk assessment, analyses of tem-
poral and spatial trends, feasibility of natural recovery, 
and source control. 

The National Sediment Quality Suwey is the fust 
comprehensive EPA analysis of sediment chemistry and 
related biological data to assess what is known about the 
national incidence and severity of sediment contamina-
tion. This volume presents a screening-level identifica-
tion of sampling stations in several areas across the 
country where sediment is contaminated at levels sug-
gesting an increased probability of adverse effects on 
aquatic life and human health. Based on the number and 
percentage of sampling stations containing contaminated 



sediment within watershed boundaries, EPA identifieda EPARegion 1ORlSACESeattleDistrict'sSediment 
number of watersheds containing areas of probable con- Inventory 
cern where additional studies may be needed to draw con-
clusions regarding adverseeffectsand the need for actions EPA Region 9's Dredged Material Tracking Sys-
to reduce risks. 

In addition to this and future reports to Congress, 
EPA anticipates that products generated through the NSI 
will provide managers at the federal,state,and local levels 
with information. Many of the NSI data were obtainedby 
local watershed managers from monitoring programs tar-
geted toward areas of known or suspected contamina-
tion. NSI data and evaluation results can assist local 
watershed managers by providing additionaldatathat they 
may not have, demonstrating the applicationof a weight-
of-evidenceapproach for identifying and screening con-
taminated sediment locations, and allowing researchers 
to draw upon a large data set of information to conduct 
new analyses that ultimately will be relevant for local as-
sessments. 

Description of the NSIDatabase 

The NSI is the largest set of sedimentchemistry and 
relatedbiological data ever compiled by EPA. It includes 
approximately two million records for more than 21.000 
monitoring stations across the country. To efficiently 
collect usable information for inclusion in the NSI, EPA 
soughtdata that were available in electronicformat,repre-
sen& broad geographic coverage, and represented spe-
cific samolinglocationsidentified by latitudeandlongitude
coordina~es.- he minimum data requirements for inclu-
sion of computerized data in the NSI were monitoringpro-
gram, sampling date, latitude and longitude coordinates, 
and measured units. Additional data fields such as sam-
pling method and other quality assurancelqualitycontrol 
informationwereretained in the NSI if available, but were 
not required for a data set to be included in the NSI. 

The NSI includes data from the followingdata stor-
age systems and monitoring programs: 

Selecteddata from EPA's Storageand Retrieval 
System(STORET) 

NOAA's Coastal SedimentInventory (COSED) 

EPA's Ocean DataEvaluationSystem (ODES) 

EPA Region 4's SedimentQuality Inventory 

Gulf of Mexico Program's Contaminated Sedi-
ment Inventory 

tem (DMATS) 

EPA's GreatLakes SedimentInventory 

EPA's Environmental Monitoring and Assess-
ment Program (EMAP) 

United StatesGeologicalSurvey (Massachusetts 
Bay) Data 

In addition to sediment chemistry data, the NSI iu-
cludes tissue residue, toxicity, benthic abundance, histo-
pathology, and fish abundance data. The sediment 
chemistry, tissue residue, and toxicity data were evalu-
ated for this report to Congress. Data from 1980to 1993 
were used in the NSI data evaluation,but older data also 
are maintained in the NSI. 

Evaluation Approach 

The WRDA defines contaminated sediment as 
aquatic sediment that contains chemical substances in 
excessof appropriategeochemical, toxicological, or sedi-
ment quality criteria or measures; or is otherwise consid-
ered to pose a threat to human health or the environment. 
The approach used to evaluate the NSI data focuses on 
therisk to benthic organismsexposeddirectlyto contami-
nated sediments, and the risk to human consumers of or-
ganisms exposed to sediment contaminants. EPA 
evaluatedsediment chemistry data, chemical residue lev-
els in edible tissue of aquatic organisms, and sediment 
toxicity data taken at the same sampling station (where 
available) using a variety of assessment methods. 

The following measurement parameters and tech-
niques were used alone or in combination to evaluate the 
probability of adverse effects: 

Aquatic Life 

(1) Comparisonof sedimentchemistrymeasurements 
to sediment chemistry screening values 

Draft sedimentquality criteria (SQCs) 

Sedimentquality advisory levels (SQALs) 

Effectsrange-median (ERM) and effects 
range-low (ERL)values 



Probable effects levels (PELS)and 
threshold effects levels (TELs) 

Apparent effects thresholds (AETS) 

(2) Comparison of the molar concentration of acid 
volatile sulfides([AVS])in sediment to themolar 
concentration of simultaneously extracted met-
als ([SEMI)in sediment (underequilibriumcon-
ditions,sedimentwith [EVS]greaterthan [SEMI 
will not demonstratetoxicityfrom metals) 

(3) Lethality based on sediment toxicity data 

Human Health 

(4) Comparison of theoretical bioaccumulation 
potential (TBP) of measured sediment contami-
nants to: 

EPA cancer and noncancer risk levels 

Food and Drug Administration (FDA) 
tolerance, action, or guidance values 

(5) Comparison of fish tissue contaminant levels to 

EPA cancer and noncancer risk levels 

FDA tolerance, action, or guidance 
values 

The sediment chemistry screening values used in this 
reportarenot regulatorycriteria,sitespecificcleanupstan-
dards, or remediation goals. Sediment chemistry screen-
ing values are reference values above which a sediment 
ecotoxicological assessment might indicate a potential 
threat to aquatic life. For example, independent analyses 
of matching chemistry and bioassaydata reveal thatERL/ 
ERMSand%LP~I,s frequently classify samplescorrectly 
either as nontoxic when chemicalconcentrationsare lower 
than all these values or as toxic when concentrations ex-
ceed these values. (See Appendix B.)The sedimentchem-
istry screening values include both theoretically and 
empirically derived values. The theoretically derived 
screeningvalues (e.g., SQC, SQAL, [SEMI-[AVS])rely on 
the physicallchemical properties of sediment and chemi-
cals to predict the level of contamination that would not 
cause an adverse effect on aquatic life under equilibrium 
conditions in sediment. The empirically derived, or cor-
relative,screeningvalues (e.g., ERM/ERL,P E m L ,  AET) 
rely on paired fieldand laboratorydata to relate incidence 
of observed biological effects to the dry-weightsediment 
concentration of a specificchemical. Correlativescreen-
ing values can relate measured concentration to a prob-
ability of association with adverse effects, but do not 

establishcauseand effect for a specificchemical. Toxicity 
data were used to classify sediment sampling stations 
based on their demonstrated lethality to aquatic life in 
laboratory bioassays. 

Under an assumed exposure scenario, theoretical 
bioaccumulation potential (TBP) and tissue residue data 
can indicatepotential adverseeffectson humans fromthe 
consumption of fish that become contaminated through 
exposureto contaminatedsediment. TBPis an estimate of 
the equilibrium concentration (concentration that does 
not changewith time) of aeontaminantin tissues of aquatic 
organismsif the sedimentinquestion were the only source 
of contamination to the organism. At present, the TBP 
calculation can be performed only for nonpolar organic 
chemicals. The TBP is estimated from the concentration 
of contaminant in the sediment, the organic carbon con-
tent of the sediment, the lipid content of the organism, 
and the relative affinity of the chemical for sediment or-
ganiccarbon and animal lipid content. This relative affin-
ity is measured in the field and is called a biota-sediment 
accumulation factor (BSAE as discussed in detail in Ap-
pendix C). In practice, fieldmeasuredBSAFs can vary by 
an order of magnitudeor greater for individualcompounds 
depending on location and time of measurement. For this 
evaluation, EPA selected BSAFs that represents the cen-
tral tendency, suggesting an approximate 50 percent 
chance that an associated tissue residue level would ex-
ceed a screening risk value. 

Uncertainty is associated with sitespecific measures, 
assessment techniques, exposure scenarios, and defaultpa-
rameter selections. Many mitigating biological, chemical, 
hydrological, and habitat factors may affect whether sedi-
ment poses a threatto aquaticlifeorhuman health. Because 
of the Limitations of the availablesedimentqualitymeasures 
and assessmentmethods,EPA characierizes this evaluation 
as a screening-level analysis. Similar to apotential human 
illness screen, a screening-level analysis should pick up 
potential problemsand notethemfor liutherstudy. Ascreen-
ing-levelanalysiswilltypically identifymanypotentialprob-
lems that prove not to be significantupon further analysis. 
Thus, classification of sampling stations in this analysis is 
not meant to be definitive, but is intended to be inclusive of 
potentialproblems arisingfrompersistentmetal and organic 
chemicalcontaminants, For thisreason,EPA electedtoevalu-
ate data collected from 1980 to 1993 and to evaluate each 
chemical or biological measurement taken at a given sam-
pling stationindividually. A singlemeasurementof achemi-
cal at a sampling station, taken at any point in time over the 
past 15 years, may have been sufficient to categorize the 
samplingstation as having an increasedprobab'iityof asso-
ciation with adverseeffects on aquatic life or human health. 



In this report, EPA associatessamplingstations with 
their "probability of adverseeffects." Each sampling sta-
tion falls into one of three categories, or tiers: 

Tier 1: associatedadverseeffects areprobable 

Tier2: associatedadverse effectsarepossible, 
but expected infrequently 

Tier3: no indication of associated adverse 
effects (any sampling station not classified as 
Tier I or Tier 2; includes sampling stations for 
which substantial data were available, as well 
as sampling stations for which limited data 
were available). 

Thepotentialrisk of adverseeffects on aquaticlife and 
human health is greatest in areas with a multitude of con-
taminated locations, The assessment of individual sam-
pling stations is useful for estimating the number and 
distribution of contaminated spots and overall magnitude 
of sedimentcontaminationin monitored waterbodiesof the 
United States. However, a single "hot spot" might not pose 
a great threat to either the benthic community at large or 
consumers of resident fish because the spatial extent of 
exposure could be small. On the other hand, if many con-
taminated spots are located in close proximity, the spatial 
extent and probability of exposure are much greater. EPA 
examined samplings&onclassifications within watersheds 
to identifyareas of probable concern for sedimentcontami-
nation (APCs), where the exposure of benthic organisms 
and resident fish to contaminated sedimentmight be more 
frequent. In this report. EPA defines watersheds by &digit 
United States Geological Survey (USGS) hydrologic unit 
codes, which are roughly the size of a county. Watersheds 
containing APCs are those in which 10or more sampling 
stations were classified as Tier 1, and in which at least 75 
percent of all sampling stations were categorized as either 
Tier 1or Tier 2. 

The definition of "area of probable concern" was d e  
veloped for this report to identify watersheds forwhich fur-
ther study of the effects and sources of sediment 
contamination, and possible risk reduction needs, would be 
warranted. Where data have been generated through inten-
sive sampling in areas of known or suspected contamina-
tion within a watershed,the APC definitionshould identify 
watersheds which contain even relatively small areas that 
are considerably contaminated. However, this designation 
does not imply that sediment throughout the entire water-
shed,which is typically very largecompared to the extent of 
availablesamplingdata, is contaminated. On theotherhand, 
where data have been generated through comprehensive 
sampling,orwhere samplingstationswereselectedrandomly 

or evenly distributedthroughout a sampling grid, the APC 
definition might not identify watersheds that contain small 
or sporadically contaminated areas. A comprehensively 
surveyed watershed of the size typically delineated by a 
USGS catalaging unit might contain small but significant 
areas that are considerablycontaminated, but might be too 
largein total area for75percent of all samplingstationsto be 
classified as Tier 1or Tier 2. L i t e d  random or evenly 
distributed sampling within such a watershed also might 
not yield 10 Tier 1 sampling stations. Thus, the process 
used to identify watershedscontaining APCs may both in-
clude some watersheds with limited areas of contamination 
and omit some watersheds with significant contamination. 
However, given availabledata EPA believes it represents a 
reasonablescreeninganalysisto identify watersheds where 
further study is warranted. 

StrengthsandLimitations 

For this report to Congress,EPAhas compiledthemost 
extensivedatabaseof sedimentquality informationcurrently 
availablein electronicfwmat. To evaluatethese data, EPA 
has applied rdiment assessment techniques in a weight-
of-evidence approach recommended by national experts. 
The process to produce this report to Congress has en-
gaged a broad array of government,industry, academic,and 
professional experts and stakeholders in development and 
reviewstages. evaluationa approach uses sedimentchem-
istry, tissue residue, and toxicity test results. Ihe assess-
ment tools employed in this analysis have been applied in 
North America, with resultspublishedin peer-reviewedlit-
erature. Toxicitytest data were generatedusing established 
standard methods employed by multiple federal agencies. 
The evaluation approach addresses potential impacts on 
both aquatic life and human health. Somechemicalspose a 
greater risk to human health than to aquatic life; for others. 
the reverse is (rue. By evaluating both potential human 
health and aquatic life impacts, EPA has ensured that the 
most sensitive endpoint is used to assess environmental 
impacts. 

n o  ge:.eral types of limitations are associated with 
this report to Congress-limitations of the compiled data 
and limitations of the evaluationapproach. Limitationsof 
the compileddata include the mixture of data sets derived 
from different sampling saategies, incomplete sampling 
coverage, the age and quality of data, and the lack of 
measurements of imponant assessment parameters. Limi-
tations of the evaluation approach include uncertainties 
in the interpretivetools to assess sediment quality, lack of 
quantitative risk assessment that consideres exposure 
potentials as well as contamination (e.g., fish consump-
tion rates within APCs for human health risk), and the 
subsequentdifficultiesin interpreting assessment results. 

xviii 



These limitations and uncertainties are discussed in detail 
in Chapter 5of this volume under "Limitations of the NSI 
Data c valuation." 

Data compiled for this report were generated using a 
number of different sampling smtegies. Component sources 
contain data derived from different spatial sampling plans, 
sampling methods, and analytical methods. Most of the 
NSI data were compiled from nonrandom monitoring pro- 
grams. Such monitoring programs focus their sampling ef- 
forts on areas where contamination is known or suspected 
to occur. Reliance on these datais consistent with the stated 
objective of this survey: to identify those sediments which 
are contaminated. However, one cannot accurately make 
inferences regarding the overall condition of the Nation's 
sediment, or characterize the "percent contamination," us- 
ing the data in the NSI because uncontaminated areas are 
most likely substantially underrepresented. 

Because this analysis is based only on readily avail- 
able electronically formatted data, contamination prob- 
lems exist at some locations where data are lacking. 
Conversely, older data might not accurately represent cur- 
rent sediment contamination conditions. The reliance on 
readily available electronic data has undoubtedly excluded 
a vast amount of information available from sources such 
as local and state governments and published academic 
studies. In addition, some datain theNSI were not evalu- 
ated because of questions concerning data quality or be-
cause no locational information (latitude and longitude) 
was available. NSI data do not evenly represent all geo- 
graphic regions in the United States, nor do the data rep- 
resent a consistent set of monitored chemicals. 

EPA recognizes that sediment is dynamic and that 
great temporal and spatial variability in sediment quality 
exists. Movement of sediment is highly temporal, and 
dependent upon the physical and biological processes at 
work in the watershed. Some deposits will redistribute 
while others will remain static unless disturbed by extreme 
events. Because the data analyzed in this report were 
collected over a relatively long period of time, conditions 
might have improved or worsened since the sediment was 
sampled. Consequently, this report does not definitively 
assess the current condition of sediments, but serves as a 
baseline for future assessments 

The lack of data required to apply some important 
assessment parameters hampered EPA's efforts to deter- 
mine the incidence and severity of sediment contamina- 
tion. For example, the component databases contain a 
dearth of total organic carbon (TOC) and acid volatile 
sulfide (AVS) measurements relative to the abundance of 
contaminant concentration measurements in bulk sedi- 

ment. TOC and AVS are essential pieces of information 
for interpreting the bioavailability, and subsequent toxic- 
ity, of nonpolar organic and metal contaminants, respec- 
tively. In addition, matched sediment chemistry with 
toxicity tests, and matched sediment chemistry with tis- 
sue residue data, were typically lacking. 

It is important to understand both the strengths and 
limitations of this analysis to appropriately interpret and 
use the information contained in this report. The limita- 
tions do not prevent intended uses, and future reports to 
Congress on sediment quality will contain less uncertainty. 
To ensure that future reports to Congress accurately re- 
flect current knowledge concerning the conditions of the 
Nation's sediment as our knowledge and application of 
science evolve, the NSI will develop into a periodically 
updated, centralized assemblage of sediment quality mea- 
surements and state-of-the-art assessment techniques. 

Findings 

EPA evaluated more than 21,000 sampling stations 
nationwide as part of the NSI data evaluation. Of the 
sampling stations evaluated, 5,521 stations (26 percent) 
wereclassified as Tier 1,10,401(49 percent) were classi- 
fied as Tier 2, and 5,174 (25 percent) were classified as Tier 
3. This distribution suggests that state monitoring pro- 
grams (accounting for the majority of NSIdata) have been 
efficient and successful in focusing their sampling efforts . . 
on areas where contamination is known or suspected to 
occur. The frequency of l i e r  1classification based on all 
NSI data is greater than the frequency of Tier 1 classifica- 
tion based on data sets derived from purely random sam- 
pling. 

The percentage of all NSI sampling stations where 
associated effects are "probable" or "possible but expected 
infrequently" (i.e., 26 percent in Tier 1 and 49 percent in 
Tier 2) does not represent the overall condition of sedi- 
ment across the country: the overall extent of contami- 
nated sediment is much less, as is the percentage of 
sampling stations where contamination is expected to ac- 
tually exert adverse effects. For example, a reasonable 
estimate of the national extent of contamination leading to 
adverse effects to aquatic life is between 6 and 12 percent 
of sediment underlying surface waters (see Chapter 5 for 
expanded discussion of "extent of contamination"). This 
is primarily because most of the NSI data were obtained 
from monitoring programs targeted toward areas of known 
or suspected contamination (i.e., sampling stations were 
not randomly selected). 

The NS' sampling stations were located in 6,744 indi- 
vidual river reaches (or water body segments) across the 



contiguous United States, or approximately 11 percent of 
all river reaches in the country (based on EPA's River 
Reach File 1). A river reach can be part of acoastal shore- 
line, a lake, or a length of streambetween two major tribu- 
taries ranging from approximately 1 to 10 miles long. As 
depicted in Figure 1, approximately 4 percent of all river 
reaches in the contiguous United States had at least one 
station categorized as Tier 1, approximately 5 percent of 
reaches had at least one station categorized as Tier 2 (but 
none as Tier I), and all of the sampling stations were clas- 
sified as Tier 3 in about 2 percent of reaches. 

Watersheds containing areas of probable concern for 
sediment contamination (APCs) are those that include at 
least 10 Tier 1 sampling stations and in which at least 75 
percent of all sampling stations were classified as either 
Tier 1 or Tier 2. The NSI data evaluation identified 96 
watersheds throughout the United States as containing 
APCs (Figure 2 and Table 1). (The map numbers listed on 
Table 1 correspond to the numbered watersheds identi- 
fied in Figure 2.) These watersheds represent about 5 
percent ofall watersheds in the United States (96 of 2,111). 
APC designation could result from extensive sampling 
throughout a watershed, or from intensive sampling at a 
single contaminated location or a few contaminated loca- 
tions. In comparison to the overall results presented on 
Figure 1, sampling stations are located on an average of 
46 percent of reaches within watersheds containing APCs. 
On the average, 30 percent of reaches in watersheds con- 
taining APCs have at least one Tier 1 sampling station, 
and 13 percent have no Tier 1 sampling 
station but at least one Tier 2 sampling 
station. In many of these watersheds, the 
risk mightbe concentrated on certain wa- 
ter bodies or river reaches. Within the 96 
watersheds containing APCs, 57 river 
reaches include 10 or more Tier 1 sam- 
pling stations. For more detailed informa- 
tion concerning individual watersheds 
containing APCs, please consult Volume 
2 of this report. 

The evaluation results indicate that 
sediment contamination associated with 
probable or possible but infrequent ad- 
verse effects exists for both aquatic life 
and human health. More sampling sta- 
tions were categorized as either Tier 1 or 
Tier 2 for aquatic life concerns than for 
human health concerns. About 41 per- 

were categorized as Tier 2 for aquatic life (9,921 stations) 
than for human health (6,196 stations). 

Recognizing the imprecise nature of some assess- 
ment parameters used in this report, Tier 1 sampling sta- 
tions aredistinguished fromTier 2 sampling stations based 
on the magnitude of acontaminant concentration in sedi- 
ment, or the degree of corroboration among the different 
types of sediment quality measures. In response to un- 
certainty in both biological and chemical measures of sedi- 
ment contamination, environmental managers must balance 
Type I errors (false positives: sediment classified as pos- 
ing a threat that does not) with Type I1 errors (false nega- 
tives: sediment that poses a threat but was not classified 
as such). In screening analyses, theenvironmentally pro- 
tective approach is to minimize Type I1 errors, which leave 
toxic sediment unidentified. To achieve a balance and to 
direct attention to areas most likely to be associated with 
adverse effects. Tier 1 sampling stations are intended to 
have a high rateof "correct" classification (e.g.. sediment 
definitely posing or definitely not posing a threat) and a 
balance between Q p e  1 and Type I1 errors. On the other 
band, to retain a sufficient degree of environmental con- 
senatism in screening, Tier 2 sampling stations are in- 
tended to have a very low number of false negatives in 
exchange for alarge number of false positives. 

To help judge the effectiveness of the evaluation ap- 
proach described previously, EPA examined the agreement 
between matched sediment chemistry and toxicity test re- 
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Table1. USGS CataloghgUnitNumber andNameforWatershedsContainingAPCs. 
Cataloplng Unit 

- Map l 

1 

2 

3 

4 
I 

5 1 
6 

7 

8 

9 

10 I 
I 

I l 1 
1 l 2  1 

13 I 

I 
14 

I 5  

16 I 
I 

17 I 
18 

19 

20 

2 1 

22 

23 

24 

25 

26 

28 

29 

30 

3 1 

32 

33 

34 

35 

36 

Number 

1090001 

1090002 

1090004 

2030103 

2030104 

2030105 

2030202 

2040105 

2040202 

2040203 

2040301 

2060003 

2070004 

3040201 

3060101 

3060106 

3080103 

3130002 

3140102 

3140107 

3160205 

4030102 

4030108 

4030204 

4040001 

4040002 

4050001 

4060103 

4090002 

4090004 

4100001 

4100002 

4100010 

4100012 

4110001 

Cntaloging Unlt N ~ m e  


Charles 


Cape Cod 


Narragansett 


Hackensack-Passaic 

I

I	Sandy Hook-Staten Island 

Raritan 

Southern Long Island 

Middle Delaware-Musconefeong 

Lower Delaware 

1 Schuvlkill
I 

1 Mullica-Toms 

I Gunpowder-Patapsm 

Comheague-Opquon 

1 Lower Pee Dee 

Seneca 

IMiddle Savannah 
I 

I	Lower St. Johns 

Middle Chattahmhee-Lake Harding 

Choctlwhatchee Bay 

Perdido Bay 

Mobile Bay 

Door-Kewaunee 

Menominee 

Lower Fox 

Little Calumet-Galien 

Pike-Root 

St. Joseph 

Manistee 

Lake St. Clair 

Detroit 

Ottawa-Stony 

Raisin 

Cedar-Portage 

Huron-Vennillion 

Black-Rocky 

37 I 4110003 Ashtabula-Chagrin 

I 



?able 1. (Continued) 

CaWoging Unit 
Map X Number 

38 4120101 

39 4120103 

40 4120104 

41 4130001 

42 4150301 

1 43 1 5030101 

58 7040001 

59 7040003 

60 7070003 

I 61 

I 

7080101 

62 7090006 

6 3  71 20003 

64 7120004 

65 71 20006 

66 7130001 

67 71401001 

68 7140106 

69 7140201 

70 7140202 

7 1 8010100 

72 8030209 

73 8040207 

CstPloglng Unit Name 


Chautauqua-Conneaut 


Buffalo-Eightecnmile 


Niagara 


Oak Orchard-Twelvemile 


Upper St. Lawrence 


I	Upper Ohio 1 
Shenango 

I Tuscarawas 


Vermilion 


Middle Wabash-Bussemn 


Holston 


Watts Bar Lake 


Lower Clinch 


Middle Tennessee-Chickamauea 


Gunrersville Lake 


Pickwick Lake 


Lower Tennessee-Beech 


Kentucky Lake 


Twin Cities 


Rush-Vermillion 


Buffalo-Whitewater 


Castle Rock 

I 

I	Copperas-Duck 

Kishwaukee 

Chicago 

Des Plaines 

Upper Fox 

Lower Illinois-Senachwine Lake 

Cahokia-Joachim 

Big Muddy 

Upper Kaskaskia 

Middle Kaskaskia 

Lower Mississippi-Memphis 

Deer-Steele 

Lower Ouachita 



Table 1. (Continued) 
Cataloging Unit 

MOD# Number Ca tdo lne  Unlt Name 

1 74 1 8080206 ILower Calcasieu I 
75 8090100 Lower Mississippi-New Orleans 

76 10270104 Lower Kansas 

77 11070207 Spring 

78 11070209 Lower Neosho 

79 12040104 Buffalo-San Jacinto 

80 17010303 Coeur D'Alene Lake 

1 81 1 17030003 ILower Yakima I 
82 17090012 Lower Willamene 

83 171 10002 Strait of Georgia 

84 17110013 Duwamish 

85 17110014 Puyallup 

86 17110019 F'uget Sound 

87 18030012 Tulare-Buena Vista Lakes 

88 18050003 Coyote 

89 18050004 San Francisco Bay 

90 18070104 Santa Monica Bay 

9 1 18070105 10s Angeles 

92 18070107 San Pedro Channel Islands 

93  18070201 Seal Beach 

94 18070204 Newport Bay 

95 18070301 Aliso-San Onofre 

96 18070304 San Diego 

sults for the 805 sampling stations where both data types positives would likely decreaseand correctly matched sam- 
areavailable. The toxicity test dataindicate whether signifi- pling stations would likely increase for both tiers. 
cant lethality to indicator organisms occurs as a result of 
exposure to sediment. Tier 1classification for aquatic life Data related to more than 230 different chemicals or 
effects from sediment chemistry data correctly matchedtox- chemical groups were included in the NSI evaluation. 
icity test results for about threequarters of the sampling Approximately 40 percent of these chemicals or chemical 
stations, with the remainder balanced behueen false posi- groups (97) were present at levels that resulted in classifi- 
tives (12 percent) and false negatives (14 percent). In con- cation of sampling stations as Tier 1 or Tier 2. The con- 
trast, when Tier 2 classifications from sediment chemistry taminants most frequently at levels in fish or sediment 
data are addedin, false negatives drop to less than 1percent where associated adverse effects are probable include 
at the expense of false positives (increases to 68 percent) PCBs (58 percent of the 5,521 Tier 1 sampling stations) 
and correctly matched sampling stations (drops to 30 per- and mercury (20 percent of Tier 1 sampling stations). Pes- 
cent). This result highlights the fact, already discussed ticides, most notably DDT and metabolites at 15 percent 
above, that classification in Tier 2 is very conservative, and of Tier 1 sampling stations, and polynuclear aromatic hy- 
it does not indicate a high probability of adverse effects to drocarbons (PAHs) such as pyrene at 8 percent of lier 1 
aquatic life. Ifbioassay test results for chronic toxicity end- sampling stations, also were frequently at levels where 
points were included in the NSI evaluation, the rate of false associated adverse effects me probable. 



Dry weight measures of divalent metals other than 
mercury (e.g.. copper, cadmium, lead, nickel, and zinc) in 
sediment were not used to place a sampling station inTier 
I without an associated measurement of acid volatile sul- 
fide, a primary mediator of bioavailability for which data 
are not often available in the database. As a result, metals 
other than mercury (which also include arsenic, chromium, 
and silver) are solely responsible for only 6 percent of Tier 
1 sampling stations and overlap with mercury or organic 
compounds at an additional 6 percent of Tier 1 sampling 
stations. In contrast, metals other than mercury are solely 
responsible for about 28 percent of the 15,922 Tier 1 and 
Tier 2 sampling stations and overlap with mercury or or- 
ganic compounds at an additional 28 percent of Tier 1 and 
Tier 2 sampling stations. The remaining 44 percent of Tier 
1 and Tier 2 sampling stations are classified solely for 
mercury or organic compounds. 

Two important issues in interpreting the results of 
sampling station classification are naturally occurring 
"background" levels of chemicals and theeffect of chemi- 
cal mixtures. Site-specific naturally occurring (or back- 
ground) levels of chemicals may be an important risk 
management consideration in examining sampling station 
classification. This is most often an issue for naturally 
occurring chemicals such as metals and PAHs. In addi- 
tion, although the sediment chemistry screening levels 
for individual chemicals are used as indicators of poten- 
tial adverse biological effects, other co-occurring chemi- 
cals (which may or may not be measured) can cause or 
contribute to observed adverse effects at specific loca- 
tions. 

Because PCBs were the contaminants most often re- 
sponsible for Tier 1classifications in the NSI evaluation, 
and because EPA took a precautionary approach (de- 
scribed in Chapter 2) in evaluating the effects of PCB 
exposure, the Agency conducted two separate analyses 
of PCB data to determine the impact of the precautionary 
approach on the overall classification of NSI sampling 
stations. EPAfirst examined the effect of excluding PCBs 
entirely from theNSI evaluation. If PCBs were excluded, 
the number of Tier 1 stations would be reduced by 42 
percent, from 5,521 to 3,209 stations. The number of Tier 
2 stations would be increased by 18 percent, from 10,401 
to 11,957 stations. This increase reflects the movement 
of stations formerly classified as Tier 1 into Tier 2. In the 
second PCB evaluation, EPA evaluated the effect on the 
overall results of using a less precautionary noncancer 
screening value (rather than the cancer screening value) 
for predicting human health riskassociated with PCB sedi- 
ment contamination. When the noncancer screening value 
was used, the number of Tier 1 stations decreased by 12 

percent, from 5,521 to 4,844 stations, and the number of 
Tier 2 stations increased by 4 percent, from 10,401 to 
10,802 btations. 

ConclusionsandRecommendations 

The characteristics of the NSI data, as well as the d e  
gree of certainty afforded by available assessment tools, 
allow neither an absolute determination of adverse effects 
on human health or the environment at any location, nor a 
determination of the areal extent of contamination on a na- 
tional scale. However, the evaluation results strongly sug- 
gest that sedi ~nent contamination may be significant enough 
to pose potential risks to aquatic life and human health in 
some locatious. The evaluation methodology was designed 
for the purpo:ie of a screening-level assessment of sediment 
quality; furth~xevaluation would be required to confumthat 
sediment c o ~  tami in at ion poses actual risks to aquatic life or 
human health for any given sampling station or watershed. 

EPA's evaluation of the NSI data was the most geo- 
graphically extensive investigation of sediment contami- 
nation ever performed in the united States. The evaluation 
was based on procedures to address the probability of 
adverse effects on aquatic life and human health. Based 
on the evaluation, sediment contamination exists at lev- 
els where associated adverse effects are probable (Tier 1) 
in some locations within each region and state of the 
country. The water bodies affected include streams, lakes, 
harbors, nearshore areas, and oceans. At the Tier 1 level, 
PCBs, merc ry, organochlorine pesticides, and PAHs are 
the most fre~luent chemical indicators of sediment con- 
tamination. 

The resl.lts of the NSI data evaluation must be inter- 
preted in the context of data availability. Many states and 
EPA Region,: appear to have a much greater incidence of 
sediment contamination than others. To some degree, 
this appearance reflects the relative abundance of readily 
available electronic data, not necessarily the relative inci- 
dence of sediment contamination. 

Although the APCs were selected by means of a 
screening exercise, EPA believes that they represent the 
highest priority for further ecotoxicological assessments, 
risk analysis, temporal and spatial trend assessment, con- 
taminant source evaluation, and management action be- 
cause of the preponderance of evidence in these areas. 
Although thr procedure for classifying APCs using mul- 
tiple samplir :stations was intended to minimize the prob- 
ability of rr dking an erroneous classification, further 
evaluation of conditions in watersheds containing APCs 
is necessary t.ecause the same mitigating factors that might 



reduce the probability of associated adverse effects at 
one sampling station might also affect neighboring sam- 
pling stations. 

EPA chose the watershed as the unit of spatial analy- 
sis because many state and federal water and sediment 
quality management programs, as well asdata acquisition 
efforts, are centered around this unit. This choice reflects 
the growing recognition that activities taking place in one 
part of a watershed can greatly affect other parts of the 
watershed, and that management efficiencies areachieved 
when viewing the watershed holistically. At the same 
time, the Agency recognizes that contamination in some 
reaches in a watershed does not necessarily indicate that 
the entire watershed is affected. 

Watershed management is a vital component of 
community-based environmental protection. The Agency 
and its state and federal partners can address sediment 
contamination problems through watershed management 
approaches. Watershed management programs focus on 
hydrologically defined drainage basins rather than areas 
defined by political boundaries. Local management, stake- 
holder involvement, and holistic assessments of water 
quality arecharacteristics of the watershedapproach. The 
National Estuary Program is one example of the water- 
shed approach that has led to specific actions to address 
contaminated sediment problems. Specifically, the 
Narragansett (Rhode Island) Bay, Long Island Sound, 
New YorWNew Jersey Harbor, and San Francisco Bay 
Estuary Programs have all recommended actions to re- 
duce sources of toxic contaminants to sediment. Numer- 
ous other examples of watershed management programs 
are summarized in The Watershed Appmach: 1993/94 
Activity Report (USEPA, 19948) and A Phase IInventory 
of Current EPA Efforts to Protect Ecosystems (USEPA, 
1995b). 

Available options for reducing health and environ- 
mental risks from contaminated sediment include physical 
removal and land disposal; subaqueous capping; in situ 
or ex situ biological, physical/chemical, or thermal treat- 
ment to destroy or remove contaminants; or natural re- 
covery through continuing deposition of clean sediment. 
Assuming further investigation reveals the need for man- 
agement attention to reduce risks, the preferred means 
depends on factors such as the degree and extent of con- 
tamination, the value of theresource, the cost of available 
options, likely human and ecological exposure, and the 
acceptable time period for recovery. If risk managers an- 
ticipate a lengthy period of time prior to recovery of the 
system, state and local authorities can consider options 
such as placing a fish consumption advisory on water 

bodies or portions of water bodies where a significant 
human health risk exists. 

Some of the most significant sources of persistent 
and toxic chemicals have been eliminated or reduced 
as the result of environmental controls put into place 
during the past 10 to 20 years. For example, the com- 
mercial use of PCBs and the pesticides DDT and chlo- 
rdane has been restricted or banned in the United 
States. In addition, effluent controls on industrial and 
municipal point source discharges and best manage- 
ment practices for the control of nonpoint sources have 
greatly r e d ~ i c ~ d  contaminant loadings to many of our 
rivers and slreams. 

The feasibility of natural recovery, as well as the 
long-term success of remediation projects, depends on the 
effective control of pollutant sources. Allhough most ac- 
tive sources of PCBs are controlled, past disposal and use 
continue to result in evaporation from some landfills and 
leaching from soils. The predominant continuing sources 
of organochlorine pesticides are runoff and atmospheric 
deposition from past applications on agricultural land. For 
other classes of sediment contaminants, active sources con- 
tinue to contribute substantial environmental releases. For 
example, liberation of inorganic mercury from fuel burning 
and other incineration operations continues, as do urban 
runoff and a(,nospheric deposition of metals and PAHs. In 
addition, discharge limits for municipal and industrial point 
sources are based on either technology-based limits or 
state-adoptetl standards for protection of the water column, 
not necessaril y for downstream protection of sediment qual- 
ity. Determi ing the local and far-field effects of individual 
point and nc npoint sources on sediment quality usually 
requires site-specific in-depth study. 

The primary recommendation of this report to Con- 
gress is to encourage further investigation and assess- 
ment of contaminated sediment. States, in cooperation 
with EPA and other federal agencies, should proceed with 
further evaluations of the 96 watersheds containing APCs. 
In many cases, it is likely that much additional investiga- 
tion and assessment has already occurred, especially in 
well-known areas at risk for contamination, and some ar-
eas have been remediated. If active watershed management 
programs are in place, these evaluations should be wordi-
nated within he context of current or planned actions. Fu- 
ture assessment efforts should focus on areas such as the 
57 water body segments located within the 96 watersheds 
containing APCs that had 10 or more sampling stations 
classified as Tier 1. The purpose of these efforts should be 
to gather add~tional sediment chemishy and related biologi- 
cal data, and to conduct further evaluation of data to deter- 



mine human health and ecological risk, todeterminet e m p  
ral and spatial trends, to identifypotentialsourcesof sedi-
ment contamination and determine whether potential 
sources are adequately controlled, and to determine 
whether natural recovery is a feasible option for risk re-
duction. 

Otherrecommendationsresultingfrom the NSI evalu-
ation include the following: 

Coordinate efforts to address sediment qualiry 
through watershed management programs. 
Federal, state, and local government agencies 
should pool their resources and coordinate their 
efforts to address their common sediment con-
tamination issues. These activities should sup-
port efforts such as the selection of future moni-

should also collect tissue residue, biological ef-
fects, and biological community measurements 
as well as sediment chemishy measurements. 

Evaluate the NSI's coverage and capabilities 
andprovide better access to information in the 
NSI. EPA should consider whether to design 
future evaluations of NSI data to determine the 
ten~poraltrends of contamination and to iden-
tify where and why conditions are improving or 
wcrsening. EPA should consider whether to 
expand the NSI to provide more complete na-
tional coverage of sediment quality data. EPA 
should also consider increasing the number of 
water bodies for evaluation and expanding the 
suite ofbiologicalandchemical information avail-
able to evaluate each site. EPA should continue 

toring sites, the setting of priorities for its efforts to make the NSI data and evaluation 
reissuanceof National PollutantDischarge Elimi- results more accessible to other agencies and to 
nation System(NPDES)permits and permit syn-
chronization, pollutant trading between non-
point and point sources,and total maximum daily 
load (TMDL)development. 

Incorporate a weight-of-evidence approach 
and measures of chemical bioavaiiubiliry into 
sediment monitoring programs. Future moni-
toring programsshould specifycollectionof AVS 
and SEM measurements where metals are a con-
cern and site-specifictotal organiccarbon (TOC) 
measurements where organic chemicals are a 
concern. Future sedimentmonitoringprograms 

the states. 

Develop better monitoring and assessment 
tools. EPA should continue to update the NSI 
evaluation methodology as new assessment 
tools become available and the state of the sci-
encz evolves. In the context of the budget pro-
ces:;, EPA and other federal agencies should 
evaluate whether to request funding to support 
the development of tools to better characterize 
the sources, fate, and effects of sediment con-
tan~inants. 





Chapter 1 

Introduction 

What Is The National Sediment 

Quality Survey? 


The Water Resources Development Act (WRDA) 
of 1992 directed the U.S. Environmental Protec- 
tion Agency (EPA), in consultation with the 

National Oceanic and Atmospheric Administration 
(NOAA) and the U.S. Army Corps of Engineers, to con- 
duct a comprehensive national survey of data regarding 
the quality of sediments in the United States. The Act 
required EPA to compile all existing information on the 
quantity, chemical and physical composition, and geo- 
graphic location of pollutants in aquatic sediment, includ- 
ing the probable sources of such pollutants and 
identification of those sediments which are contaminated. 
The statute defines contaminated sediment as aquatic sedi- 
ment that contains chemical substances in excess of ap- 
propriate geochemical, toxicological, or sediment quality 
criteria or measures, or is otherwise considered to pose a 
threat to human health or the environment. The Act fur- 
ther required EPA to report to the Congress the find- 
ings, conclusions, and recommendations of such 
survey, including recommendations for actions neces- 
sary to prevent contamination of aquatic sediments 
and to control sources of contamination. In addition, 
the Act requires EPA to establish a comprehensive and 
continuing program to assess aquatic sediment quality. 
As part of this continuing program, EPA must report to 
Congress every 2 years on the assessment's findings. 

To comply with the WRDA mandate, EPA's Oftice of 
Science and Technology (OST) initiated the National Sedi- 
ment Inventory (NSI). The goals of the NSI areto compile 
sediment quality information from available electronic da- 
tahases, gather information from available electronic da- 
tabases and published reports on sediment contaminant 
sources, develop screening-level assessment protocols 
to identify potentially contaminated sediment, and pro- 
duce biennial reports to Congress on the incidence and 
severity of sediment contamination nationwide. The Inci- 
dence and Severity of Sediment Contamination in Sur- 
face Waters of the Unitedstates is the first ofthesereports 
lo Congress. To ensure that future reports to Congress 
accurately reflect contemporary conditionsof theNation's 
sediment as science evolves, the NSI will develop into a 

regularly updated, centralized assemblage of sediment qual- 
ity measuiements and assessment techniques. 

The Inctdence and Severity of Sediment Contamina- 
tion in Surface Waters of the United States is presented 
as a four-volume series. This volume, Volume 1: The 
National Sediment Quality Survey, presents a national 
baseline screening-level assessment of contaminated sedi- 
ment over a time period of the past 15years using a weight- 
of-evidence approach. The purpose of The National 
Sediment Quality Survey is to depict and characterize the 
incidence and severity of sediment contamination based 
on the probability of adverse effects to human health and 
the environment. Information contained in this volume 
may be used to further investigate sediment contamina- 
tion on a national, regional, and site-specific scale. Vol- 
ume 2 of this series presents data summaries for 
watersheds that have been identified in this volume as 
containing areas of probable concern for sediment con- 
tamination. Volume 3 presents a screening analysis to 
identify prohable point source contributors of sediment 
pollutants. Volume 4 presents a screening analysis to 
identify prolyable nonpoint contributors of sediment pol- 
lutants (in preparation for subsequent biannual reports). 

For The National Sediment Quality Survey, OST 
compiled and analyzed historical data that were collected 
from 1980 to 1993 from across the country and are cur- 
rently stored in large electronic databases. This effort 
required a substantial synthesis of multiple formats and 
the coordinated efforts of many federal and state environ- 
mental information programs that maintain relevant data. 
Published data that have not been entered into databases, 
or are not readily available to EPA, are not included in the 
NSI at this time and thus were not evaluated for this report 
to Congress. As data management systems and access 
capabilities continue to improve, EPA anticipates that a 
greater amount of data will be readily available in elec- 
tronic form. 

This report presents the results of the screening-level 
assessment of the NSI data. For this assessment, OST 
examined sediment chemistry data, associated fish tissue 
residue levers, and sediment toxicity test results. The 
purpose was to determine whether potential contamina- 



tion problems either exist currently or existed over the 
past 15years at distinct monitoring locations. This report 
identifies locations where available data indicate that di- 
rect or indirect exposure to the sediment could be associ- 
ated with adverse effects to aquatic life or human health. 
However, because this analysis is based on readily avail- 
able electronic data, contamination problems exist at some 
locations where data are.lacking. Furthermore, because 
the data analyzed were collected over a relatively long 
period of time, conditions might have improved or wors- 
ened since the sediment was sampled. Consequently, this 
report does not definitively assess the current overall con- 
dition of all sediments across the country, but serves as a 
baseline for future assessments, which will include addi- 
tional sampling stations, incorporate contemporary data, 
and examine trends. 

In addition to this and future reports to Congress, 
EPA anticipates that products generated through the NSl 
will providemanagers al the federal, state, andlocal levels 
with information. Many of the NSI data were obtained by 
local watershed managers frommonitoring programs tar-
geted toward ateas of known or suspected contamina- 
tion. NSI data and evaluation results can assist local 
watershed managers by providing additional data that they 
might not have, demonstrating the application of a weight- 
of-evidence approach for identifying and screening con- 
taminated sediment locations, and allowing researchers 
to draw upon a large data set of information to conduct 
new analyses that ultimately will be relevant for local as- 
sessments. 

The National Sediment Quality Survey summarizes 
national, regional, and state results Frdm the evaluation of 
NSI data. Chapter 1 provides background information 
about sediment qua~ty  issues. Chapter 2 is an ovewiew 
of the assessment methods used to evaluate the NSI data 
Chapter 3 contains the evaluation results on a national, 
regional, and state basis. Chapter 4 presents information 
on probable sources of sediment contamination, includ- 
ing point and nonpoint sources. A discussion of the 
results is provided in Chapter 5. Chapter 6presents rec- 
ommendations for evaluating and managing contaminated 
sediments. Several appendices present detailed descrip- 
tions of both the NSI data and the approach used to 
evaluate the data: 

A: 	 Detailed Description of NSI Data 

B: 	 Description of Evaluation Parameters Used in 
the NSI DataEvaluation 

C: 	 Method for Selecting Biota-Sediment Accumu- 
lation Factors and Percent Lipids in Fish 

Tissue Used for Deriving Theoretical 
B'ioaccumulationPotentials 

D: Screening Values for Chemicals Evaluated 

E: Cancer Slope Factors and Noncancer Refer 
ence Doses Used to Develop EPA Risk Levels 

l? Species Characteristics Related to NSI 
Bioaccumulatiou Data 

O: Notes on the Methodology for Evaluating 
Sediment Toxicity Tests 

ZI: Additional Analyses for PCBs and Mercury 

I: NSI Data Evaluation Approach Recommended 
by the National Sediment Inventory Work- 
shop, April 26-27.1994 

Why Is Contaminated Sediment An 
Important National Issue? 

Sediment provides habitat for many aquatic organ- 
isms and functions as an important component of aquatic 
ecosystems. Sediment also serves as a major repository 
for persistent and toxic chemical pollutants released into 
the environment. In the aquatic environment, chemical 
waste products of anthropogenic (human) origin that do 
not easily degrade can eventually accumulate in sedi- 
ment. In fact, sediment has been described as the "ulti- 
mate sink," or storage place, for pollutants (Salomons et 
al., 1987). If that were entirely true, however, we would 
not need to be concerned about potential adverse effects 
fiom these "stored" pollutants. Unfortunately, sediment 
can function as both a sink and a source for contami- 
nants in the aquatic environment. 

Adverse effects on organisms in or near sediment 
can occur even when contaminant levels in the overlying 
water arelow. Benthic (bottom-dwelling) organisms can 
be exposed to contaminants in sediment through direct 
contact, ingestion of sediment particles, or uptake of dis- 
solved contaminants present in the interstitial @ore) wa- 
ter. In addition, natural and human disturbances can 
release contaminants to the overlying water, where pe-
lagic (open-water) organisms can be exposed. Evidence 
from laboratory tests shows that contaminated sediment 
can cause both immediate lethality (acute toxicity) and 
long-term deleterious effects (chronic toxicity) to benthic 
organisms. Field studies have revealed other effects, such 
as tumors and other lesions, on bottom-feeding fish. 
These effects can reduce or eliminate species of recre- 
ational, commercial, or ecological importance (such as 
crabs, shrimp, and fish) in water bodies either directly or 



by affecting the food supply that sustainable popula- fish living above sediments contaminated by polycyclic 
tions require. Furthermore,sedimentcontaminants might aromatic hydrocarbons (PAHs) located near a creosote 
not kill the host organism,but might accumulatein edible plant on the Elizabeth River in Virginia. These impacts 
tissue to levels that cause health risks to wildlife and 
human consumers. 

In summary,environmentalmanagers and others are 
concerned about sediment contaminationand the assess-
ment of sediment quality for the following reasons 
(adapted from Power and Chapman in "Assessing Sedi-
ment Quality," 1992): 

Varioustoxic contaminantsfound only in barely 
detectable amounts in the water column can 
accumulate in sediments to much higher levels. 

Sediments serve as both a reservoirfor contami-
nants and a source of contaminants to the water 
column and organisms. 

Sedimentsintegratecontaminantconcentrations 
over time, whereas water column contaminant 
concentrations are much more variable and dy-
namic. 

* Sediment contaminants (in addition to water 
column contaminants) affect bottom-dwelling 
organismsand othersediment-associatedorgan-
isms, as well as both the organisms that feed on 
them and humans. 

Sediments are an integral part of the aquatic en-
vironment that provide habitat, feeding, spawn-
ing, and rearing areas for many aquatic organ-
isms. 

Contaminated sediments can affect aquatic life in a 
number of ways. Areas with high sediment contaminant 
levels can be devoid of sensitive species and, in some 
cases, all species. For example, benthic amphipodswere 
absent from contaminatedwaterways in Commencement 
Bay, Washington (Swartz et al., 1982). In Rhode Island, 
the number of species of benthic molluscs was reduced 
near an outfall where raw electroplatingwastes and other 
wastes containing high levels of toxic metals were dis-
charged into NarragansettBay (Eisler, 1995). In Califor-
nia, pollution-tolerant oligochaete worms dominate the 
sediment in the lower portion of Coyote Creek, which 
receives urban runoff from San Jose (Pitt, 1995). 

Sedimentcontamination can also adversely affect the 
health of organismsand providea sourceof contaminants 
to the aquatic food chain (Lyman et al., 1987). For ex-
ample, fin rot and a variety of tumors have been found in 

have been correlatedwith the extent of sedimentcontami-
nation in the liver (Van Veld et al., 1990). Liver tumors and 
skin lesions have occurred in brown bullheads from the 
Black River in Ohio, which iscontaminated by PAHsfrom 
a coke plant. The authors of the Black River study estab-
lished a caureand-effect relationship between the pres-
ence of PAHs in sediment and the occurrence of liver 
cancer in native fish populations (Baumann et al., 1987). 
Examples of risks to fish-eatingbirds and mammalsposed 
by contaminated food chains include reproductive prob-
lems in Forster's terns on Lake Michigan near Green Bay 
(Kubiaketal., 1989)and on mink farms where mink were 
fedGreat Lakes fish (Auerlichet al., 1973). In both cases, 
high levels of polchlorinatedbiphenyls (PCBs) in fish were 
identified as the cause of the reproductive failures. Con-
taminated sediments can also affect the food chain base 
by eliminating food sources and, in some cases, altering 
natural competition,whichcan impact the population dy-
namics of higbertrophiclevels (Burton et al., 1989;Landis 
and Yu, 19951. 

The accumulation of contaminants in fish tissue 
(called bioai cumulation) and contamination of the food 
chain are also important human health and wildlife con-
cerns because people and wildlife eat finfish and shell-
fish. In fact, the consumption of fish represents the most 
significantmute of aquatic exposure of humans to many 
metals and organic compounds (USEPA, 1992a). Most 
sediment-related human exposure to contaminants is 
through indirect routes that involve the transfer of pollut-
ants out of the sediments and into the water column or 
aquatic organisms. Many surface waters have fish con-
sumption advisories or fishing bans in place because of 
the high concentrations of PCBs, mercury, dioxin,kepone, 
and othercontaminants. In 1995,over 1,500water bodies 
in the United States had fish consumption advisories in 
place, affecting a11 but four states. Water supplies also 
have been shut down becauseof contaminated sediments, 
and in some places swimmingis nolonger allowed. 

How Significant Is The Problem? 

Puget Sound was one of the first areas in the country 
to be studied extensively for sediment contamination. 
Early studies from the 1980s demonstrated fairly exten-
sive sediment contamination,especiallynear major indus-
trialembayments (Dexter et al., 1981;Long, 1982;Malins 
et al., 1980;Riley el al., 1981). These early assessments 
demonstratedthat Puget Sound sediments were contami-
nated by many organic and inorganic chemicals, includ-
ing PCBs, PAHs, and metals. Although contaminant 



concentrations in, sediment tended to decrease rapidly 
with distance from the nearshore sources, researchers also 
documented widespread low-level contamination in the 
deepwater sediments of the main basin of Puget Sound 
(Ginn and Pastorok, 1982). Also in the 1980s, several kinds 
of biological effects, including cancerous hlmors, were 
reported in organisms from contaminated areas of Puget 
Sound (Beckeret al., 1987). 

Several recent studies conducted in other parts of 
the country further illustrate the significance of sediment 
contamination and its potential widespread impact. For 
example, Myers et al. (1994) investigated the relationships 
between hepatic lesions (liver tumors) and stomach con- 
tents, liver tissue, and bile in three species of bottom- 
dwelling fish captured from 27 urban and nonurban sites 
on the Pacific Coast from Alaska to southern California, 
as well as the relationship of such lesions to associated 
chemical concentrations in sediments. In general, the au- 
thors found that lesions were more likely to occur in fish 
from sites with higher concentrations of chemical con- 
taminants in sediments. Certain lesions had a significantly 
higher relative risk of occurrence at urban sites in Puget 
Sound, San Francisco Bay, the vicinity of Los Angeles, 
and San Diego Bay (Myers etal., 1994). The results of this 
study provide strong evidence for the involvement of sedi- 
ment contaminants in causing hepatic lesions in bottom 
fish and clearly indicate the usefulness of these lesions as 
indicators of contaminant-induced effects in fish (Myers 
etal., 1994). 

Several recent assessments of existing data on the 
Nation's marine (saltwater) andfreshwater sediments (e.g., 
NRC; 1989) indicate potentially widespread and serious 
contamination problems. The NOAA National Status and 
Trends Program has monitored coastal sediment contami- 
nation since the mid-1980s and has linked elevated pol- 
lutant concentrations to the potential for adverse 
biological effects in many urban areas, including the 
Hudson-Raritan estuary. Boston Harbor, western Long 
Island, and the Oakland estuary of San Francisco Bay 
(Long and Morgan, 1990; Power and Chapman, 1992). 
The U.S. and Canadian governments have also identified 
widespread contaminated sediments in the Great Lakes 
(UC, 1987; Fox and Tuchman, 1996; Power and Chapman, 
1992). The USEPA (1993a) summarizes other recent as- 
sessment studies. However, there is still no national- 
scale assessment of the incidence and severity of 
sediment contamination, particularly in freshwater areas. 
This report is the result of EPA's first assessment tode- 
tennine how significant the problem of sediment contami- 
nation is on a national basis. 

What Are The Potential Sources Of 
Sediment Containination? 

Water bodies usually receive discharges of pollut- 
ants as a result of the various human activities, past and 
present, that. take place nearby. The cumulative effect of 
historical, nonpoint, and point sources can contribute to 
sediment contamination. A point source is asingle, iden- 
tifiable source of pollution such as a pipe from a factory 
or a wastewater treatment plant. Nonpoint source pollu- 
tion is usually-carried off the land by stormwater runoff 
and includes pollutants from agriculture, urban areas, 
mining, marinas and boating, construction and other land 
modifications, and atmospheric deposition. Many of the 
current suspected and documented cases of sediment 
contamination are caused by past industrial and agricul- 
tural uses of highly persistent and toxic chemicals, such 
as PCBs and chlordane. While the use of such chemicals 
has since been banned or tightly restricted, monitoring 
programs continue to study the extent and severity of 
their accumulation in sediment, and subsequently in the 
tissues of fish and shellfish. Other potential sediment 
contaminants, including heavy metals, PAHs, some pes- 
ticides, and existing and new industrial chemicals, con- 
tinue to appear in point and nonpoint source releases. 
However, significant progress over the past 10 to 15 years, 
achieved through industry pollution prevention initia- 
tives. National Pollutant Discharge Elimination System 
(NPDES) permits, and national technology-based efflu- 
ent guideline limitations, has substantially reduced the 
discharge of toxic and persistent chemicals. Surficial sedi- 
ments are often less contaminated than deeper sediments 
indicating improved sediment conditions with reduced 
discharges over the past 10 to 15 years. 

The characteristics of local sediment contamination 
are usually related to the types of land use activities that 
take place or have taken place within the area that drains 
into the wate.r body (the watershed). For example, har- 
bors, streams, and estuaries bordered by industrialized 
or urbanized areas tend to have elevated levels of the 
metals and organic compounds typically associated with 
human activ~ties in these land use areas. Sometimes the 
contamination is localized beneath an outfall of industrial 
or municipal waste: in other cases, natural mixing pro- 
cesses and dredging disperse the pollutants. In addi- 
tion, rivers and streams can carry pollutants from upstream 
sources into larger downstream water bodies, where they 
can contribute further to the problem of sediment con- 
tamination. Drifting atmospheric pollutants that are even- 
tually deposited in water bodies also contribute to 
sediment contamination. For example, EPA estimates that 



76 to 89 percent of PCB loadings to Lake Superior have 
come from air pollution (USEPA, 1994a). 

Point source releases, including accidental or delib- 
erate discharges, have resulted in elevated localized sedi- 
ment contamination. Purposeful and accidental 
contaminant additions includeeffluent discharges, spills, 
dumping, and the addition of herbicides to lakes and res- 
ervoirs. Both industrial and municipal point sources have 
contributed a wide variety of contaminants to sediments. 
Municipal point sources include sewage treatment plants 
and overilows fromcombinedsewers (which mix the con- 
tents of storm sewers and sanitary sewers). Industrial 
point sources include manufacturing plants and power- 
generating operations. 

The pervasiveness of organic and metal compounds 
in sediments near urban and agricultural areas and the 
association of large inputs of these contaminants with 
runoff events tend to support the importance of contami- 
nant contributions from nonpoint sources like atmo- 
spheric deposition and land drainage. For example, mining 
is a significant source of sediment contamination in some 
regions, as are runoff and seepage from landfills and 
Superfund sites, and urban and agricultural runoff (Baudo 
and Muntau. 1990; Canfield el al., 1994; Hoffman. 1985; 
Livingston and Cox, 1985; Ryan and Cox, 1985). Agricul- 
tural runoff can contribute selenium, arsenic, and mer- 
cury and a wide variety of pesticides. Urban runoff is a 
frequently mentioned source of heavy metals and PAHs. 

Atmospheric deposition can be one of the major sources 
of lead, arsenic, cadmium, mercury, PAHs, DDTand other 
organochlor~ne pesticides, and PCBs in many aquatic en- 
vironments (USEPA, 1993~).  However, it is often difiicnlt 
to determine the portion of these contaminants contrib- 
uted by nonpoint versus point source discharges be- 
cause the same contaminants can come from both (Baudo 
and Muntau, 1990). 

Kepone contamination in the James River in Virginia 
is an example of historical sediment contamination. 
Kepone is a very stable organic compound formerly used 
in pesticides. Although active discharges of kepone at 
the production site in Hopewell, Virginia, terminated in 
1980, high levels of kepone can still be found in the sedi- 
ment and fillfish and shellfish of the James River down- 
stream froni the original discharge site (Huggett and 
O'Conner, 1988; Nichols, 1990). In fact, a fish advisory 
exists on pcrtions of the James River because of high 
levels of kel~one in tissues of fish taken from the river. 
Historical sc iiment contamination problems such as those 
on the Jameh River are often further complicated by on- 
going discharge sources. Such historical sediment con- 
tamination problems can also slow the natural recovery 
of aquatic systems because of the stable nature of the 
chemicals responsible for the contamination. Historical 
sediment contamination can also cause new problems. 
For example, during heavy storms contaminated sedi- 
ments can be uncovered, resuspended, and carried down- 
stream, where they cause problems in areas that were 
previously uncontaminated. 





Chapter 2 

Methodology 


EPA faced two primary challenges to achieving 
the short-term goals of the National Sediment 
Inventory (NSI) and fulfilling the mandate of 

the Water Resources Development Act (WRDA) of 1992, 
as described in the introduction to this report. The first 
challenge was to compile a database of consistent sedi- 
ment quality measures suitable for all regions of thecoun- 
try. The second challenge was to identify scientifically 
sound methods to determine whether a particular sedi- 
ment is "contaminated," according to the definition set 
forth in the statute. 

In many known areas of contamination, visible and 
relatively easy-to-recognize evidence of harmful effects 
on resident biota is concurrent with elevated concentra- 
tions of contaminants in sediment. In most cases, how- 
ever, less obvious effects on biological communities and 
ecosystems are much more difficult to identify and are 
frequently associated with varying concentrations of sedi- 
ment contaminants. In other words, bulksediment chem- 
istly measures are not always indicative of toxic effect 
levels. Similar concentrations of a chemical can pro- 
duce widely different biological effects in different sedi- 
ments. This discrepancy occurs because toxicity is 
influenced by the extent to which chemical contaminants 
bind to other constituents in sediment. These other sedi- 
ment constituents, such as organic ligands and inorganic 
oxides and sulfides, are said to control the bioavailability 
of accumulated contaminants. Toxicant binding, or sorp- 
tion, to sediment particles suspends the toxic mode of 
action in biological systems. Because the binding ca- 
pacity of sediment varies, the degree of toxicity exhib- 
ited also varies for the same total quantity of toxicant. 

The five general categories of sediment quality 
measurements are sediment chemistry, sediment tox- 
icity, community structure, tissue chemistry, and pa- 
thology (Power and Chapman, 1992). Each of these 
categories has strengths and limitations for a national- 
scale sediment quality assessment. To be efficient in 
collecting usable data of similar types, EPA sought 
data that were available in electronic format, repre- 
sented broad geographic coverage, and represented 
specific sampling locations identified by latitude and 
longitude coordinates. EPA found sediment chemis- 

try and tissue chemistry to be the most widely avail- 
able sediment quality measures. 

As described above, sediment chemistry measures 
might not accurately reflect risk to the environment. 
However, EPA has recently developed assessment meth- 
ods that combine contaminant concentration with mea- 
sures of the primary binding phase to address 
bioavailabil~ty for certain chemical classes, under as- 
sumed conditions of thermodynamic equilibrium 
(USEPA, 1993d). Other methods, which rely on statisti- 
cal correlations of contaminant concentrations with in- 
cidence of adverse biological effects, also exist (Barrick 
et al., 1988; FDEP, 1994; Long et al., 1995). In addi- 
tion, fish tissue levels can be predicted using sediment 
contaminant concentrations, along with independent field 
measures of chemical partitioning behavior and other 
known or assigned fish tissue and sediment characteris- 
tics. EPA can evaluate risk to consumers from predicted 
and field-measured tissue chemistry data using estab- 
lished dose-response relationships and standard consump- 
tion patterns. Evaluations based on tissue chemistry 
circumvent the bioavailability issue while also account- 
ing for other mitigating factors such as metabolism. The 
primary difficulty in using field-measured tissue chem- 
istry is relating chemical residue levels to a specific sedi- 
ment, especially for those fish species which typically 
forage across great distances. 

Sediment toxicity, community structure, and pathol- 
ogy measures are less widely available than sediment 
chemistry and fish tissue data in the broad-scale elec- 
tronic format EPA sought for the NSI. Sediment toxic- 
ity data are typically in the form of percent survival, 
compared to control mortality, for indicator organisms 
exposed to the field-sampled sediment in laboratory bio- 
assays (USEPA, 1994b, c). Although these measures 
account for bioavailability and the antagonistic and syn- 
ergistic effects of pollutant mixtures, they do not ad- 
dress possible long-term reproductive or growth effects, 
nor do they identify specific contaminants responsible 
for observed lethal toxicity. Indicator organisms also 
might not represent the most sensitive species. Com-
munity structure measures, such as fish abundance and 
benthic diveisity, and pathology measures are potentially 
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indicative of long-term adverse effects, yet there are a 
multitude of mitigating physical, hydrologic, and bio- 
logical factors that might not relatein any way to chemi-
cal contamination. 

The ideal assessment methodology would be based 
on matched data sets of all five types of sediment qual- 
ity measures to take advantage of the strengths of each 
measurement type and to minimize their collective 
weaknesses. Unfortunately, such a database does not 
exist on a national scale, nor is it typically available on 
a smaller scale. Based on the statutory definition of 
contaminated sediment in the WRDA, EPA can iden- 
tify locations where sediment chemistry measures ex- 
ceed "appropriate geochemical, toxicological, or 
sediment quality criteria or measures." Again based 
on the statutory definition, EPA can also use tissue chem- 
istry and sediment toxicity measures to identify aquatic 
sediments that "otherwise pose a threat to human health 
or the environment'' because there are either screening 
values (e.g., EPA risk levels for fish tissue consump- 
tion) or control samples for comparison. However, EPA 
believes it cannot accurately evaluate community struc- 
ture or pathology measures to identify contaminated 
sediment, based on the statutory definition, without first 
identifying appropriate reference conditions to which 
measured conditions could be compared. 

For Ibis evaluated sediment 'hemis-
try, tissue chemistry, and sediment toxicity data, taken 
at the same sampling station, individually and in com- 
bination using a variety of assessment methods. Be-
cause of thelimitations of the available sedimentquality 
measures and assessment methods, EPA characterizes 
this identification of contaminated sediment locations 
as a screenina-level analysis. Similar to a potential hu- -
man illness screen, a screening-level analysis should 
pick up potential problems and note them for further 
study. A screening-level analysis will typically identify 
many potential problems that prove not to be signifi-
cant upon further analysis. Thus, classification of sam- 
pling stations in this analysis is not meant to be 
definitive, but is intended to be inclusive of potential 
problems arising from presistent metal and organic 
chemical contaminants. For this reason, EPA elected 
to evaluate data collected from 1980 to 1993 and to 
evaluate each chemical or biological measurement taken 
at a given sampling station individually. A single mea- 
surement of a chemical at a sampling station, taken at 
any point in time over the past 15 years, may have been 
sufficient to classify the sampling station as having an 
increasedprobability of association with adverse effects 
to aquatic life or human health. 

EPA recognizes that sediment is dynamic and that 
great temporal and spatial variability in sediment qual- 
ity exists. This variability can be a function of sam- 
pling (e.g., a contaminated area might be sampled one 
year, but not the next) or a function of natural events 
(e.g., floods can move contaminated sediment from one 
area to another, or can bury contaminated sediment). 
Movement of sediment is highly temporal, and depen- 
dent upon the physical and biological processes at work 
in the watershed. Some deposits will redistribute while 
others will remain static unless disturbed by extreme 
events. 

In this report, EPA associates sampling stations with 
their "probability of adverse effects on aquatic life or 
human health." Each sampling station falls into one of 
three categories (tiers): associated adverse effects are 
probable (Tier 1); associated adverse effects are possible. 
but expected infrequently (Tier 2); or no indication of 
associated adverse effects (Tier 3). A Tier 3 sampling 
station classification does not neccesarily imply a zero 
or minimal probability of adverse effects, only that avail- 
able data (which may be substantial or limited) do not 
indicate an increased probability of adverse effects. Rec- 
ognizing the imprecise nature of the numerical assess- 
ment parameters. Tier 1 sampling stations are 
distinguished from Tier 2 sampling stations based on 
the magnitude of a sediment chemistry measure or the 
degree of co~oboration among the differenttypes of sedi- 
merit quality measures, 

The remainder of this chapter presents a short his- 
tory of how EPA developed the NSI, a brief description 
of theNSI data,and an explanationof the NSI dataevalu-
ation approach, 

Background 

EPA initiated work several years ago on the devel- 
opment of the NSI through pilot inventories in EPA Re- 
gions 4 and 5 and the Gulf of Mexico Program. Based 
on lessons learned from these three pilot inventories. 
the Agency developed a document entitled Framework 
for the Development of the National Sediment Inven- 
tory (USEPA, 1993a), which describes the general for- 
mat for compiling sediment-related data and provides a 
brief summary of sediment quality evaluation techniques. 
The format and overall approach were then presented, 
modified slightly, and agreed upon at an interagency 
workshop held in March 1993 in Washington, DC. Fol- 
lowing the workshop, EPA began compiling and evalu- 
ating data for the NSI. Data from several national and 
regional databases were included as part of the effort. 



In the spring of 1994, EPA conducted a prelimi-
nary evaluation of NSI sediment chemistry data only. 
The purpose of the assessment was to identify sampling 
stations throughout the United States where. measured 
values of sediment pollutants exceeded sediment chem-
istry levels of concern. The results of that assessment 
were then distributed to the EPA Regional offices for 
their review. The Regional ofices were asked to review 
the preliminary evaluation and to: 

Verify sampling stations targeted as areas of 
concern. 

Identify sampling stations that might be incor-
rectly targeted as areas of concern. 

Identify potential areas of concern that were not 
targeted, but should have been. 

Inform EPA Headquarters of additional sedi-
ment quality data that should be included in 
the NSI to make the inventory more accurate 
and complete. 

TheEPA Regional offices completed their review of 
the preliminary evaluation during the winter of 1994-
95. Regional comments on the results of the prelimi-
nary evaluation were incorporatedinto the NSI database. 
EPA will add new data sets identitied by the Regions to 
the NSI and include them in the national assessment for 
future reports to Congress. 

In April 1994, EPA Headquatters held the Second 
National SedimentInventoryWorkshop (USEPA, 1994d). 
The purpose of this workshop was to bring together ex-
perts in the field of sediment quality assessment to rec-
ommend an approach for integrating and evaluating the 
sediment chemistry and biological data contained in the 
NSI. The final approachrecommended by workshop par-
ticipants provided the basis for the final approachadopted 
to evaluate NSI data for this report to Congress. Appen-
dix I of this report provides a brief description of the 
workshop approach and a l i t  of attendees. 

Description of NSIData 

The NSI includes data fromthe following data stor-
age systems and monitoring programs: 

Selected data sets from EPA's Storage and Re-
trieval System (STORET) (69 percent of sam-
pling stations) 

- U.S. Army Corps of Engineers (USACE)- U.S. Geological Survey (USGS)- EPA - States 

NOAA's Coastal SedimentInventory (COSED) 
(5 percent of sampling stations) 

EPA's Ocean Data Evaluation System (ODES) 
(6 percent of sampling stations) 

EPA Region 4's Sediment QualityInventory (5 
percent of sampling stations) 

Gulf of Mexico Program's ContaminatedSedi-
ment Inventory (1percent of samplingstations) 

EPA Region 10lCOE Seattle District's Sedi-
ment Inventory (8percent of sampling stations) 

EPA Region 9's Dredged Material Tracking 
System (DMATS) (1 percent of sampling sta-
tions) 

EPA's Great Lakes Sediment Inventory (less 
than 1 percent of sampling stations) 

EPA's Environmental Monitoring and Assess-
ment Program (EMAP) (2percent of sampling 
stations) 

USGS (Massachusetts Bay) Data (3 percent of 
sampling stations) 

AlthoughEPA electedto evaluatedata collectedsince 
1980(i.e., 1980-93),data frombefore 1980are still main-
tained in the NSI. At a minimum, EPA required that 
electronicallyavailabledata include monitoringprogram, 
sampling date, latitude and longitude coordinates, and 
measured units for inclusion in the NSI. Additional data 
fieldsprovidingdetails such as samplingmethod or other 
quality assurancelquality control information were re-
tained in the NSI if available. Additional information 
about available datafields and NSI componentdatabases 
is presented in Appendix A of this report. 

The types of data contained in the NSI include the 
following: 

Sediment chemistry: Measurement of the 
chemical composition of sediment-associated 
contaminants. 

Tissue residue: Measurement of chemical con-
taminants in the tissues of organisms. 



Benthic abundance: Measurement of the num-
ber and types of organismsliving in or on sedi-
ments. 

Toxicity: Measurement of the lethal or suble-
thal effects of contaminants in environmental 
media on various test organisms. 

Histopathology: Observation of abnormalities 
or diseases in tissue (e.g., tumors). 

Fish abundance: Measurement of the number 
and types of fish found in a water body. 

The NSI represents a compilation of environmental 
monitoring data from a variety of sources. Most of the 
component databases are maintained under known and 
documented quality assurance and quality control proce-
dures. However, EPA's STORET database is intended to 
be a broad-based repository of data. Consequently, the 
quality of the data in STORET,both in terms of database 
entry and analytical instrument error, is unknown and 
probably varies a great deal depending on the quality 
assurance management associated with specificdata sub-
mittals. 

Inherent in the diversity of data sources are contrast-
ingm o n i t o ~ gobjectivesandscope. Component sources 
contain data derived from different spatial sampling 
plans, sampling methods, and analytical methods. For 
example, most data from EPA's EMAP program repre-
sent sampling stations that lie on a standardized ged 
over a given geographic area, whereas data in EPA's 
STORET most likely represent state monitoring data 
sampledfromlocationsnear known dischargesor thought 
to have elevated contaminant levels. In contrast, many 
of the National Status and Trends Program data in 
NOAA's COSED database represent sampling stations 
purposely selected because they areremoved from known 
discharges. However, many other sampling stations in 
the COSED database were located within highly urban-
ized bays and estuaries where chemical contamination 
was expected. These samplingstationsincludedata from 
regional bioeffects assesments in which NOAA exam-
ined sediment quality in several highly urbanized areas. 
These surveys were region-wide assessments, not point 
source or end-of-pipe studies. 

From an assessment point of view, STORET data 
might be useful for developing a list of contaminated 
sediment locations, but might overstate the general ex-
tent of contaminated sediment in the Nation by focusing 
largely on areas most likely to be problematic. On the 
other hand, analysis of EMAP data might result in a more 

balanced assessment in terms of the mix of contaminated 
samplingstationsand uncontaminated sampling stations. 
Approximatelytwo-thuds of sampling stationsin the NSI 
&from the STORET database.~eianceon these data 
is consistent with the stated objective of this survey: to 
identify those sediments which are contaminated. How-
evw, one cannot accurately make inferences regarding 
the overall condition of the Nation's sediment, or char-
acterize the "percent contamination," using the data in 
the NSI because uncontaminated areas are most likely 
substantially underrepresented. 

NSI data do not evenly represent all geographic re-
gions in the United States, nor do the data represent a 
consistentset of monitored chemicals. For example, sev-
eral of the databases are targeted toward marine envi-
ronments or other geographically focused areas. Table 
2-1 presents the number of stations evaluated per state. 
More than 50 percent of all stations evaluated in the NSI 
are located in Washington, Florida, Illinois, California, 
Virginia. Ohio, Massachusetts, and Wisconsin. Each of 
these states has more than 700 monitoring stations. Other 
states of similar or larger size (e.g., Georgia, Pennsylva-
nia) have far fewer sampling stationswith data for evalu-
ation. Figures 2-1, 2-2, and 2-3 depict the location of 
monitoring stations with sediment chemistry, tissue resi-
due, and toxicity data, respectively. Individual stations 
may vary considerably in terms of the number of chemi-
cals monitored. Some stations have data that represent a 
large number of organic and inorganic contaminants, 
whereas others have measured values for only a few 
chemicals. Thus, the inventory cannot be considered 
comprehensive even for locations with sampling data. 
The reliance on readily available electronic data has un-
doubtedly led to exclusions of avast amount of informa-
tion available from sources such as local and state 
governments and published reports. Other limitations, 
including data quality issues, are discussed in Chapter 5 
of this report. 

NSIData Evaluation Approach 

The methodology developedfor classifyingsampling 
stations according to the probability of adverseeffectson 
aquatic life and human health from sediment contami-
nation relies on measures of sediment chemistry, sedi-
ment toxicity, and contaminant residue in tissue. 
Although the NSI also contains benthic abundance, his-
topathology, and fish abundance data, these types of data 
were not used in the evaluation. Benthic and fish abun-
dance cannot be directly associated with sediment coo-
tamination based on the statutory definitionand currently 
availableassessment tools, and available fish liver histo-
pathology data were very limited. 



'lhble 2-1. Number of Stations Evaluated in the NSI by State fects" by combining parameters as shown 
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The approach used to evaluate the NSI data focuses 
on the protection of benthic organisms from exposure to 
contaminated s h n t s  and the protection of humans from 
the consumption of fish that bioaccumulate contaminants 
from sediment. In addition. potential effects on wildlife 
from fish consumption were also evaluated. Thewildlife 
results were not included in the overall results of the NSI 
data evaluation; however, they are presented separately. 
Table 2-2 presents the classification scheme used in the 
evaluation of the NSI data. Each component, M. evalua-
tion parameter, of the classification scheme is numbered 
on Table 2-2. Each evaluation parameter is discussed un- 
der a section heading cross-referenced to these numbers. 
Figures 2-4 through 2-8 depict the evaluation parameters 
and sampling station classifications in flowcM format. 

EPA analyzed the NSI data by evaluating each param- 
eter in Table 2-2 on a measurement-by-measurement and 
sampling station-by-sampling station basis. Each sampling 
station was associated with a "probability of adverse ef- 

in Table 2-2 and Figures 2-4 through 2-8.lm 

Because each individual measurement was 

4W 
considered independently (except for diva- 

I 0 1  
lent metals, whose concentrations were 

186 summed), a single observation of elevated 
661 concentration could place a sampling sta- 

tion into lief 1, (associated adverse etfects 
are probable). In general, the methodol- 
ogy was constructed such that a sampling 
station classified as lief 1must be repre-
sented by arelatively large set of dataor by 
a highly elevated sediment concentration 
of achemical whose effects screening level 
is well characterized based on multiple as- 
sessment techniques. Fewer data were re-
quired to classify a sampling station as lier 
2. Any sampling station not meeting the 
requirements to be classified as lief 1 or 
Tier 2 was classified as Tier 3. Sampling 
stations in this category include those for 
which substantial data were available with- 
out evidence of adverse effects, as well as 
sampling stations for which limited data 
were available to determine the potential 
for adverse effects. 

Individual evaluation parameters, a p  
plied to various measurements indepen- 
dently, could lead to different site 
classifications. If one evaluation param- 
eter indicated Tier 1, but other evaluation 
parameters indicated lia2 or lier 3, a lier 
1 classification was assigned to the sam- 

pling station. For example, if a sampling station was cat- 
egorized as lier 2 based on all sediment chemistry data, 
but was categorized as lief 1 based on toxicity data, the 
station was placed in lief 1. This principle also applies to 
evaluating multiple contaminants within the same evalua- 
tion parameter. For example, if the evaluation of sediment 
chemistry data placed a sampling station in lief 1for met- 
als and in Tier 2 for PCBs, the station was placed in lier 1. 

Recognizing the imprecise nature of some assessment 
parameters used in this report, lief 1sampling stations are 
distinguished from Tier 2 sampling stations based on the 
magnitude of a contaminant concentration in sediment, or 
the degree of comboration among the diffmnt types of 
sediment quality measures. In response to uncertainty in 
both biological and chemical measures of sediment con- 
tamination, environmental managers must balance Type I 
errors (falsepositives: sediment classified as posing a threat 
that does not) with Type I1 errors (false negatives: sedi- 
ment that poses a threat but was not classified as such). In 
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'Igble 2-2. NSI Data Evaluation Approach (with numbered parameters) 
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Figure 2-4. 	 Aquatic Life Assessments: Sediment Chemistry Analysis for 
Organic Chemicals and Metals Not Included in the AVS Analysis. 



I I 
Figure 2-5. Aquatic Life Assessments: Sediment Chemistry Analysis for 

Divalent Metals. 

I 

Figure 2-6. Aquatic Life Assessments: Sediment Toxicity Analysis. 
I 



I I 
Figure 2-7. Human Health Assessments: Sediment Chemistry and Fish 

Tissue Residue Analysis (excluding dioxins and PCBs). 

Did levels of dioxin or  PCBs 

in fish tissue exceed EPA 

risk levels! 


I 
Figure 2-8. Human Health Assessments: PCBs and Dioxin in Fish Tissue 

Analysis. 



smening analyses,theenvirmunentallyprotectiveapproach 
is to minimize Qpe U errors, which leave toxic sediment 
unidentified. To achieve a balance and to direct attention 
to laeas most Ukely to be associated with adverse effects, 
ller 1sampling stations are intended to have a high rate of 
"correct" classification (e.g., sediment definitelyposing or 
defmitely not posing a threat) and a balance between Type 
I and II errors. On the other hand, to retain a snfti-
cient degree of environmental conservatism in screening, 
lier 2 sampling stations are intended to have a very low 
number of false negatives in exchange for a large number 
of falsepositives. 

The numbered evaluation parameters used in the NSI 
data evaluation arebriefly describedbelow. A detailedd e  
scriptionof the evaluation parameters is presented in Ap-
pendix B. 

Sediment Chemistry Data 

The sediment chemistry screeningvalues used in this 
reportarenot regulatory criteria,sitespecificcleanupstan-
dards,or remediation goals. Sediment chemistry screen-
ing values are reference values above which a sediment 
ecotoxicological assessment might indicate a potential 
threat to aquatic life. The sediment chemistry screening 
values used to evaluate the NSI data for potential adverse 
effects of sediment contamination on aquatic life include 
both theoretically and empirically based values. The theo-
retically based values rely on the physicaVchemical pmp-
eaies of sediment and chemicals to predict the level of 
contamination that would not cause an adverse effect on 
aquatic life. The empiricallybased, or correlative, screen-
ing values rely on paired field and laboratorydata to relate 

Sediment Chemistry Values Exceed EPA Drnfr 
Sediment Quality Criteria [I] 

This evaluation parameter was used to assess the PO-
tential effects of sediment contamination on benthic spe  
cies. EPA has developed draftsediment quality criteria 
(SQCs) for the following five nonionic organic chemicals: 

Acenaphthene (polynuclear aromatic 
hydrocarbon, or PAH) 

Dieldrin (pesticide) 

Endrin (pesticide) 

Fluoranthene (PAH) 

Phenanthrene (PAH) 

EPA developed these draft criteria using the equi-
librium partitioning (EqP) approach (described in de-
tail in AppendixB)for linking bioavailabilityto toxicity. 
The EqP approach involves predicting the dry-weight 
concentration of a contaminant in sediment that is in 
equilibrium with a pore water concentrationthat is pro-
tective of aquatic life. It combines the water-only ef-
fects concentration (the chronic water quality criteria) 
and the organic carbon partitioning coefficient of the 
chemical normalized to the organic carbon content of 
the sediment. The draft criterion is compared to the 
measured dry-weight sediment concentration of the 
chemical normalized to sediment organic carbon con-
tent. If the organic-carbon-normalized concentration 
of the contaminant does not exceed the draft sediment 

incidence of observed biological effectsto the dry-weight quality criterion, adverse effects should not occur to at 
sediment concentration of a specific chemical. least 95 percent of benthic organisms. The draft SQCs 

The theoretically based screening values used as pa-
rameters in the evaluation of NSI data include the sedi-
ment quality criteria,sediment quality advisory levels,and 
comparisonofsimultaneouslyextractedmetals to acid-vola-
tile sulfide concentrations. Empirically based, correlative 
screening values used in the NSI evaluation include the 
effectsrangemedian/effectsrangelow values, probableef-
fects levels/threshold effects levels, and apparent effects 
thresholds. The use of each of these screening values in 
the evaluation of the NSI data is describedbelow. Another 
theoretically based evaluation parameter, the theoretical 
bioaccumulation potential (which was used for human 
health assessments), is also described below. The limita-
tions associatedwith the use of these screening values are 
discussed in Chapter 5. 

are based on the highest quality data available, which 
have been reviewed extensively. 

For the NSI data evaluation, sediment chemistrymea-
surements with accompanyingmeasured total organic car-
bon W)valuescanplaceasiteinTier 1based exclusively 
on a comparison with adraft SQC. The amount of TOC in 
sediment is one of thefactorsthat determines the extent to 
which a nonionic organic chemical is bound to the sedi-
ment and, thus, the availability for uptake by organisms 
(bioavailability). If draft SQCsbased on measured TOC 
were not exceeded, or if none of the five nonpolar 
organic chemicals that have been assigned draft SQC 
values were measured, the sampling station was classi-
fied as Tier 3 unless otherwise categorized by another 
parameter. Appendix B discusses the assumptions 



and limitations associated with the use of draft SQCs. 
If a sample for any of the five contaminants for which 
draft SQCs have been developed did not have accompa- 
nying TOC data, the measured concentration was com- 
pared to the draft SQC based on a default TOC value of 
1percent. In these instances, the draft SQC was treated 
like other sediment quality screening values described 
later in this section. 

The assumption that the percent TOC for samples 
without measured TOC is equal to 1 percent is based on 
a review of values published in the literamre. TOC can 
range from 0.1 percent in sandy sediments to 1 to 4 per-
cent in silty harbor sediments and 10 to 20 percent in 
navigation channel sediments (Clarke and McFarland, 
1991). Long et al. (1995) reported an overall mean TOC 
concentration of 1.2 percent from data compiled from 
350 publications for their biological effects database for 
marine and estuarine sediments. Ingersoll et al. (1996) 
reported a mean TOC concentration of 2.7 percent for 
inland keshwater samples. Based on this review of TOC 
data, EPA selected a default TOC value of 1 percent for 
the NSI evaluation. Consistent with the screening level 
application, this value should not lead to an uuderesti- 
mate of the bioavailability of associated contaminants 
in most cases. 

Comparison of AVS to SEM Molar Concentrations 
[2,51 

The use of the total concentration of a trace metal 
in sediment as a measure of its toxicity and its ability to 
bioaccumulate is problematic becausedifferent sediments 
exhibit different degrees of bioavailability for the same 
total quantity of metal (Di Toro et al., 1990; Luoma, 
1983). These differences have recently been reconciled 
by relating organism toxic response (mortality) to the 
metal concentration in the sediment interstitial water 
(Adams et al., 1985; Di Toro et al., 1990). Acid-vola- 
tile sulfide (AVS) is one of the major chemical compo- 
nents that control the activities and availability of metals 
in interstitial waters of anoxic (lacking oxygen) sedi- 
ments (Meyer et al., 1994). 

A large reservoir of sulfide exists as iron sulfide in 
anoxic sediment. Sulfide will react with several diva- 
lent transition metal cations (cadmium, copper, mercury, 
nickel, lead, and zinc) to form highly insoluble com- 
pounds that are not bioavailable (Allen et al., 1993). It 
follows in theory, and with verification (Di Toro et al., 
1990), that divalent transition metals will not begin to 
cause toxicity in anoxic sediment until the reservoir of 
sulfide is used up (i.e.. the molar concentration of met- 
als exceeds the molar concentration of sulfide), typically 

at relatively high dry-weight metal concentrations. This 
observation has led to a laboratory measurement tech- 
nique of calculating the difference between simulta- 
nwusly extracted metal (SEM) concentration and acid 
volatile sulfide concentration from field samples to d e  
termine potential toxicity. 

To evaluate the potential effects of metals on benthic 
species, the molar concentration of AVS ([AVS]) was 
compared to the sum of SEM molar concentrations 
([SEMI) for five metals: cadmium, copper, nickel, lead, 
and zinc. Mercury was excluded from AVS comparison 
because other important factors play a major role in de- 
termining the bioaccumulation potential of mercury in 
sediment. Specifically, under certain conditions mer- 
cury binds to an organic methyl group and is readily 
taken up by living organisms. 

Sediment with measured [SEMI in excess of [AVS] 
does not necessarily exhibit toxicity. This is because 
other binding phases can tie up metals. However, re- 
search indicates that sediment with [AVS] in excess of 
[SEMI will not be toxic from metals, and the greater the 
[SEMI-[AVS] difference, the greater the likelihood of 
toxicity frommetals. Analysis of toxicity data for fresh- 
water and saltwater sediment amphipods (crustaceans) 
from EPA's Environmental Research Laboratory in 
Narragansett, Rhode Island, revealed that 80 to 90 per- 
cent of the sediments were toxic at [SEMI-[AVS] > 5 
(Hansen, 1995; see also Hansen et al., 1996). Thus, 
EPA selected [SEMI-[AVS] = 5 as the demarcation line 
between Tier 1 and Tier 2. For the purpose of this evalu- 
ation, where [SEMI-[AVS] was greater than 5, the sam- 
pling station was classified as Tier 1. If [SEMI-[AVS] 
was between zero and 5, the sampling station was clas- 
sified as lier 2. If [SEMI-[AVS] was less than zero, or 
if AVS or the five AVS metals were not measured at the 
sampling station, the sampling station was classified as 
Tier 3 unless otherwise classified by another parameter. 
Appendix B discusses the assumptions and limitations 
associated with the [SEMI-[AVS] approach. 

Sediment Chemistry Values Exceed Screening 
Values [3,6] 

Several sets of sediment contaminant screening val- 
ues, developed using different methodologies, are avail- 
able to assess potential adverse effects on benthic species. 
The screening values selected for comparison with mea- 
sured sediment levels are the draft SQCs using a default 
TOC of 1 percent (for those samples which do not have 
accompanying TOC data), sediment quality advisory lev- 
els (SQALs) for freshwater aquatic life (developed using 
the equilibrium partitio~iing approach discussed previ- 



ously for the development of draft SQCs), the effects 
range-median @RM) and effects rangelow (ERL) val-
ues developed by Long et al. (1995), the probable effects 
levels PELS) and threshold effects levels (TELs) devel- 
oped for the Florida Department of Environmental Pro-
tection P E P ,  1994). and the apparent effects thresholds 
(AETs) developed by Barrick et al. (1988). The assump- 
tions and approaches used to develop these screening 
values are discussed in detail in Appendix B. 

The draft SQCs and SQALs were both developed us- 
ing the same EqP approach. However, the data used to 
derive SQALs were not compiled from an exhaustive lit- 
erature search, nor were the toxicity data requirements as 
extensive as specified for draft SQCs. Toxicity values used 
for SQAL development include fmal chronic values from 
EPA ambient freshwater quality criteria and secondary 
chronic values derivedusing EPA's CkatLakes Water Qual-
ity Initiative "Tier U water quality criteria methodology. 
The data used to develop the latter values were taken pri- 
marily from quality-screened studies in published Litera- 
ture. The development of SQALs is discussed in further 
detail in Appendix B of this report. EPA has also prepared 
a document describing the derivation of the SQALs 
(USEPA, 1996). The chemicals for which SQALs have 
been developed are identified in Appendix D of this vol- 
ume. 

The ERLsERMs, PELsKELs, and AETs relate the 
incidence of adverse biological effects to the sediment 
concentration of a specific chemical at a specific sam- 
pling station using paired field and laboratory data. The 
developers of the ERLsERMs define sediment concen- 
trations below the ERL as being in the "minimal-effects 
range," values between the ERL and ERM in the "pos- 
sible-effects range," and values above the ERM in the 
"probable-effects range." In the FDEP (1994) approach, 
the lower of the two guidelines for each chemical (the 
TEL) is assumed to represent the concentration below 
which toxic effects rarely occur. In the range of concen- 
trations between the TEL and PEL, effects occasionally 
occur. Toxic effects usually or frequently occur at con- 
centrations above the upper guideline (the PEL). 

In independent analyses of the predictive abilities 
of the ERLERMs and TELIPELs, the precentages of 
samples indicating high toxicity in laboratory bioassays 
of amphipod survival were relatively low (10-12 per- 
cent) when all chemical concentrations were in the mini- 
mal effects range, intermediate (17-19 percent) in the 
possible effects range, and higher (38-42 percent) in the 
probable effects range. Furthermore, the percentages of 
samples indicating high toxicity in any one of a battery 
of 2-4 tests performed, including more sensitive bioas- 

says with sublethal endpoints, were 5-28 percent, 59-64 
percent, and 78-80 percent among samples within the 
minimal, possible, and probable effects ranges (Long et 
al., in press). 

The AET approach is not based on the probability 
of incidence of adverse biological effects. The AET is 
the highest concentration at which statistically signifi- 
cant differences in observed adverse biological effects 
from reference conditions do not occur, provided that 
the concentration also is associated with observance of 
a statisically significant difference in adverse biological 
effects. Essentially, this identifies the concentration 
above which an adverse biological effect always occurs 
for a particular data set. Barrick et al. (1988) list spe- 
cific AET values for several different species or biologi- 
cal indicators. For the purposes of this assessment, EPA 
defined the AET-low as the lowest AET among appli- 
cable biological indicators, and the AET-high as the 
highest AET among applicable biological indicators. By 
the nature of how the AET is derived, less stringent val- 
ues might evolve as more data sets become available. 

For the NSI data evaluation, the upper screening val- 
ues were considered to be the ERM, PEL, draft SQC 
(when using default TOC value of 1 percent), SQAL, 
and AET-high for a given chemical. The lower screen- 
ing values were considered to be the ERL, TEL, draft 
SQC (when using default TOC of 1 percent), SQAL, and 
AET-low for a given chemical. Because they are not 
based on ranges of effects, the single freshwater aquatic 
life draft SQC and SQAL values for a given chemical 
served as both the high and low screening values. 

For a sampling station to be classified as Iier 1, a 
chemical measurement must have exceeded at least two 
of the upper screening values. If a sediment chemistry 
measurement exceeded any one of the lower screening 
values, the sampling station was classified as Tier 2. If 
sediment concentrations at a sampling station did not 
exceed any screening values or there were no data for 
chemicals that have assigned screening values, the sam- 
pling station was categorized as Tier 3 unless otherwise 
categorized by another parameter. 

Under this approach, a sampling station could be 
classified as Tier 1 from elevated concentrations of cad- 
mium, copper, lead, nickel, or zinc based only on a com- 
parison of [SEMI to [AVS]; that is, sampling stations 
could not be classified as Tier 1 based on an exceedance 
of two upper screening values for any of the five metals. 
However, sampling stations were classified as Tier 2 for 
these five metals based on an exceedance of one of the 
lower screening values if AVS data were not available. 



Sediment Chemistry TBPs Exceed Screening 
Criteria [4, 71 

This evaluation parameter addresses the risk to hu- 
man consumers of organisms exposed to sediment con- 
taminants. The theoretical bioaccumulation potential 
(TBP) is an estimate of the equilibrium concentration 
(concentration that does not change with time) of a con- 
taminant in tissues if the sediment in question were the 
only source of contamination to the organism. At 
present, the TBP calculation can be performed only for 
nonpolar organic chemicals. The TBP is estimated from 
the concentration of contaminant in the sediment. the 
organic carbon content of the sediment, the lipid con- 
tent of the organism, and the relative affinity of the 
chemical for sediment organic carbon and animal lipid 
content. This relative affinity is measured in the field 
and is called a biota-sediment accumulation factor 
(BSAF, as discussed in detail in Appendix C). In prac- 
tice, field measured BSAFs can vary by an order of mag- 
nitude or greater for individual compounds depending 
on location and time of measurement. For this evalua- 
tion. EPA selected BSAFs that represents the central 
tendency, suggesting an approximate 50 percent chance 
that an associated tissue residue level would exceed a 
screening risk value. 

In the evaluation of NSI data, if a calculated sedi- 
ment chemistry TBP value exceeded a screening value 
derived using standard EPA risk assessment methodol- 
ogy or the Food and Drug Administration (FDA) toler- 
ancelaction or guidance level, and if a corresponding 
tissue residue level for the same chemical for a resident 
species at the same sampling station also exceeded one 
of those screening values, the station was classified as 
Tier I .  Individual chemical risk levels were considered 
separately; that is, risks from multiplecontaminants were 
not added. Both sediment chemistry and tissue residue 
samples must have been taken from the same sampling 
station. If tissue residue levels for the same chemical 
for a resident species at the same sampling station did 
not exceed EPA risk levels or FDA levels or there were 
no corresponding tissue data, the sampling station was 
classified as Tier 2. If neither TBP values nor fish tis- 
sue residue levels exceeded EPA risk levels or FDA lev- 
els, or if no chemicals with TBP values, EPA risk levels, 
or FDA levels were measured, the sampling station was 
classified as Tier 3 unless otherwise classified by an- 
other parameter. A detailed description of the methods 
used to develop TBP values and to determine the EPA 
risk levels used in this comparison is presented in 
Appendix B. 

TissueResidue Data [8,9, 101 

Tissue residue data were used to assess potential 
adverse effects on humans from the consumption of fish 
that become contaminated through exposure to contami- 
nated sediment. Only those species considered benthic, 
non-migratory (resident), and edible by human popula- 
tions were included in human health assessments. A 
list of species included in the NSI and their characteris- 
tics is presented in Appendix E. 

Sampling stations at which human health screen- 
ing values for dioxin and PCBs were exceeded in fish 
tissues were classified as Tier 1. For these chemicals, 
corroborating sediment chemistry data were not required. 
If human health screening values for dioxin or PCBs in 
fish tissue were not exceeded or if neither chemical was 
measured, the sampling station was classified as Tier 3 
unless otherwise classified by another parameter. 

For other chemicals, both a tissue residue level ex- 
ceeding an FDA tolerance/action or guidance level or 
EPA risk level and a sediment chemistry TBP value ex- 
ceeding that level for the same chemical were required 
to classify a sampling station as Tier 1. If tissue residue 
levels exceeded FDA levels or EPA risk levels but corre- 
sponding TBP values were not exceeded at the same sta- 
tion (or there were no sediment chemistry data from that 
station), the sampling station was classified as Tier 2. 
If neither fish tissue levels nor TBP values exceeded EPA 
risk levels or FDA levels, or if no chemicals with TBP 
values, EPA risk levels, or FDA levels were measured, 
the sampling station was classified as Tier 3 unless oth- 
erwise classified by another parameter. 

Toxicity Data Dl,121 

Toxicity data were used to classify sediment sam- 
pling stations based on their demonstrated lethality to 
aquatic life in laboratory bioassays. Nonmicrobial sedi- 
ment toxicity tests with a mortality endpoint were evalu- 
ated. Toxicity test results that lacked control data, or 
had control data that indicated greater than 20 percent 
mortality (less than 80 percent survival), were excluded 
from further consideration. The EPA has standardized 
testing protocols for marine and freshwater toxicity tests. 
A review of several protocols for sediment toxicity tests 
suggests that mortality in controls may range from 10 to 
30 percent, depending on the species, to he considered 
an acceptable test result (API, 1994). Current amphi- 
pod test requirements indicate that controls should have 
less than 10 percent mortality (API, 1994; USEPA, 
1994b). 



For the NSI data evaluation, EPA considered sig- 
nificant toxicity as a 20 percent difference in survival 
from control survival. For example, significant toxicity 
occurred if control survival was 80 percent and experi- 
mental survival was.60 percent or less. 

For this evaluation parameter, corroboration of mul- 
tiple tests was considered more indicative of probable 
associated adverse effects than the magnitude of the ef- 
fect in a single test. Lethality demonstrated by two or 
more single-species tests using two different test spe- 
cies (at least one of which had to be a solid-pbase test) 
placed a sampling station in Tier 1. A sampling station 
was classified as Tier 2 if toxicity was demonstrated by 
one singlespecies nonmicrobial toxicity test. If lethal- 
ity was not demonstrated by anonmicrobial toxicity test, 
or if toxicity test data were not available, the sampling 
station was classified as Tier 3 unless otherwise classi- 
fied by another parameter. 

Zmrpomtion of^^Chmentsonthe 
PreliminaryEvaluationofSediment 
Uu?mistryData 

Several reviewers from different EPA Regions and 
states provided comments on the May 16, 1994. 
preliminary evaluation of sediment chemistry data. The 
comments included more than I50 specific comments 
identifying additional locations with contaminated sedi- 
ment that had not been identified in the preliminary 
evaluation. Since the preliminary evaluation, the final 
NSI methodology has been developed and implemented. 
The updated methodology has been refined significantly 
to include tissue residue and toxicity data as well as 
revised screening values. Data corresponding to any 
additional comments that required further review were 
divided into two categories: (1) data that incorrectly 
identified contaminated sediment and (2) additional wa- 
ter bodies that contain areas of sediment contamination, 
The fust category primarily addressed sampling stations 
identified in the preliminary assessment as exceeding 
sediment chemistry screening values for specjfic con- 
taminants that reviewers stated were located in water 
bodies that are not contaminated from the cbemical(s) 
in question. 

EPA examined all NSI sampling stations that had 
been identified in the preliminary evaluation as exceed- 
ing a sediment quality screening value, but were located 
in water bodies that reviewers of the preliminary evalu- 
ation identified as not being contaminated by that spe- 
cific contaminant or contaminants. If the sampling 
station in question was classified in this final evalua- 
tion as Tier 1 based only on the specific contaminant(s) 
identified by the reviewer as not being a problem, the 
sampling station was removed from the Tier 1 category 
and placed in the Tier 3 category. Only a few sampling 
stations were moved from the Tier 1 category to the Tier 
3 category as a result of this procedure. Stations identi- 
fied in the NSI evaluation as Tier 1 based on other chemi- 
cals not identified by the reviewer or because of toxicity 
data were not removed from Tier 1. 

Additional water bodies that reviewers identified as 
potential areas of significant contamination were evalu- 
ated to determine whether sampling stations along those 
water bodies were classified as Tier 1based on the final 
NSI data evaluation. Locations or water bodies identi- 
fied by reviewers as potential areas of significant con- 
tamination are discussed separately in the results 
(Chapter 3). 

Evaluation Using EPA Wildlife Criteria 

In addition to the evaluation parameters described 
above and presented in Table 2-2, EPA conducted an 
assessment of NSI data based on a comparison of sedi- 
ment chemistry TBP values and fish tissue values to EPA 
wildlife criieria developed for the Great Lakes. This 
evaluation, however, was not included with the results 
of evaluating the NSI data based on the other param- 
eters. The results of evaluating NSI data based on wild- 
life criteria are presented in a separate section of Chapter 
3. Wildlife criteria based solely on fish tissue concen- 
trations were derived for EPA wildlife criteria for water 
that are presented in the Great Lakes Water Quality Ini- 
tiative Criteria Documents for the Protection of Wild- 
life (USEPA, 1995a). EPA has developed wildlife criteria 
for four contaminants: DDT, mercury, 2.3.7,8-TCDD, 
and PCBs. The method to adjust these wildlife criteria 
for the NSI data evaluation is explained in detail in 
Appendix B. 



Chapter 3 

Findings 


This chapter presents the results of the 
evaluation of NSI data based on the 
methodology described in Chapter 2. This dis- 

cussion includes a summary of the results of national, re- 
gional, and state assessments. 

National Assessment 

EPA evaluated a total of 21,096 sampling stations na- 
tionwide as part of the NSI data evaluation (Figure 3-1). 
Of the sampling stations evaluated, 5,521 stations (26 per- 
cent) were classified as Tier 1, 10,401 (49 percent) were 
classified as Tier 2, and 5.174 (25 percent) were classified 
as Tier 3 (Table 3-1). This distribution suggests that state 
monitoring programs (accounting for the majority of NSI 
data) have been efficient and successful in focusing their 
sampling efforts on areas where contamination is known 
or suspected to occur. The frequency of Tier 1 classifica- 
tion based on the evaluation of all NSI data is greater than 
from data sets derived from purely random sampling. 

The nationaldistribution of lier 1 sampling stations is 
illustrated in Figure 3-2. The distribution of lier 1 stations 
depicted inFigure 3-2 must be viewed in thecontext of the 
distribution of all sampling stations depicted in Figure 3-1. 
Table 3-1 presents the number of sampling stations in each 
tier by EPA Region. The greater number of Tier 1 and lier 
2 sampling stations in some Regions is to some degree a 
function of a larger set of available data. Although there 
are 17 times more Tier 1 stations in EPA Region 4 (south- 
eastern states) than inEPARegion 8 (mountain states), there 
are also 13 times more Tier 3 stations. 

The NSI sampling stations were located in 6,744 in- 
dividual river reaches throughout the contiguous United 
States (based on EPA's River Reach File 1; Bondelid and 
Hanson, 1990). A river reach can be part of a coastal 
shoreline, a lake, or a length of stream between two ma- 
jor tributaries ranging from approximately 1 to 10 miles 
long. NSI sampling stations were located in approxi- 
mately 11 percent of all river reaches identified in the 
contiguous United States (Table 3-1 and Figure 3-3). 
Four percent of all river reaches in the United States con- 
tained at least one sampling station classified as Tier 1. 

Five percent of all reaches contained at least one sam- 
pling station classified as Tier 2 (but none as Tier 1). In 
2 percent of reaches in the contiguous United States, all 
of the sampling stations were classified as Tier 3. EPA 
has not yet catalogued river reaches outside the contigu- 
ous United States (e.g., Alaska, Hawaii, Puem Rico), 
and some sampling stations in the ocean were not linked 
to a specific reach. Sampling bias toward areas of known 
or suspected contamination may be more pronounced in 
some Regions compared to others, and may be related to 
the relative extent of sampling. The results presented on 
Table 3-1 appear to indicate that the smaller the percent- 
age of reaches with available data, the greater the likeli- 
hood those reaches will contain a Tier 1 or lier 2 sampling 
station. 

Not all sampling programs target only sites of known 
or suspected contamination. The NSI includes data from 
the National Oceanic and Atmospheric Administration's 
(NOAA's) National Status and Trends Program, which 
is part of the COSED database, and EPA's Environmen- 
tal Monitoring and Assessment Program (EMAP). These 
are examples of sampling programs in which most sam- 
pling stations are not targeted at locations of known or 
suspected contamination. Based on these data alone. the 
percentage of sampling stations placed in each tier dif- 
fers considerably from the percentage of sampling sta- 
tions in each tier based on an evaluation of all the data in 
the NSI. Smaller percentages of COSED and EMAP 
sampling stations are categorized as Tier 1 (18 percent 
for COSED and 14 percent for EMAP compared to 26 
percent for all NSI sampling stations), greater percent- 
ages are categorized as Tier 2 (75 percent for COSED 
and 68 percent for EMAP compared to 49 percent for all 
NSI stations), and smaller percentages are categorized 
as Tier 3 (7 percent for COSED and 18 percent for EMAP 
compared to 25 percent for all NSI sampling stations). 
This may reflect the lower detection limits of more sen- 
sitive analytical chemistry techniques, the sensitivity of 
Tier 2 evaluation parameters, and the nearly ubiquitous 
presence of lower to intermediate levels of contamina- 
tion in areas sampled by these programs. 

The NSI contains over 1.5 million individual records 
of contaminant measurements in sediment and fish 





Table 3-1. National Assessment: Evaluation Results for SamplingStations and River Reaches by EPA Region 

Remn 9 
(AZCA. HL NV) 

468 28 942 55 289 17 794 119 92 . 43 254 4,M)l 6 5 

Regon 10 
(AK.m,OR WA) 

727 25 1.6% 59 455 16 497 147 174 72 393 10,178 4 3 

Totalfor U.S.' 5,521 26 10.401 49 5.174 25 2.492 2,371 2,843 1,530 6,744 62,742 11 8 

h) 
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Figure 3-2 Sampling Stations Classxed as Tier 1 (Associated Adverse Effects are Probable). 
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I I 	 able include PCBs (58 percent 
of the 5,521 Tier 1 sampling At Least One 

,Tier ;?tion stations) and mercury (20 per- 
cent of Tier 1 sampling sta- 

At Least One tions). Pesticides, most notably 
Tier 2 Station and DDT and metabolites at 15 per- 
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Figure 3-3. National Assessment: Percent of River Reaches That Include ciated measurement of acid 
Tier 1,Tier 2, and Tier 3Sampling Stations. volatile sulfide, a primary me- 

diator of bioavailabilty not of- 
tissue (Figure 3-4). Slightly more than one-third of these ten available in the data base. The [SEMI-[AVS] 
measurements represent concentrations recorded as above methodology for sediment assessment is relatively new, and 
adetection limit. Using available assessment parameters. AVS measurements have not commonly been made during 
EPA could evaluate nearly two-thirds (approximately sediment analyses. As a result, metals other than mercury 
380,000) of these measurements for the probability of (whichalso includearsenic, chromium, and silver) aresolely 
association with adverse effects. Approximately one- responsible for only 6 percent of Tter 1 sampliig stdons 
quarter of the measurements above detection (nearly 40 and overlap with mercury or organic compounds at an ad-
percent of measurements that could be evaluated) reflect ditional 6 percent of lier 1 sampling stations. In contrast, 
either aTier 1 or lier 2 level of contamination. Figure 3-4 metals other than mercury are solely responsible for about 
also shows the distribution of measurements at the Tier 1 28 percent of the 15,992 Tier 1 and Tier 2 sampling sta- 
and Tier 2 level of contamination by chemical class. tions, and overlap with mercury or organic compounds at 
Chemicals that have been measured over the past 15 Yean, an additional 28 percent of Tier 1 and Tier 2 sampling sta- 
can be evaluated using the NSI evaluation approach, and tions. The remaining 44 percent of lier 1and Tier 2 sam-
accumulate to levels associated with an increased prob- pling stations are classified solely for -ury or organic 
ability of adverseeffects arepredominantly persistent, hy- compounds. 
drophobic organic compounds and metals. 

Data related to more than 230 different chemicals or TWO important issues in interpreting the results of 

chemical groups were included in the NSI evaluation. sampling station classification are naturally occurring 

Approximately 40 percent of these chemicals or chemi- "background levels of chemicals and theeffect of chemi- 

cal groups (97) were present at levels that resulted in cal mixtures. Site-specific naturally occurring (or back- 

classification of sampling stations as Tier 1 or Tier 2. ground) levels of chemicals may be an important risk 

Table 3-2 presents the chemicals or chemical groups that management consideration in examining sampling sta- 

resulted in classification of more than 1,000 Tier 1 or tion classification. This is most often an issue for natu- 

Tier 2 sampling stations. Sampling stations are reported rally occurring chemicals such as metals and PAHs. In 

more than once in Table 3-2 because it is common for a addition, although the sediment chemistry screening lev- 

station to have elevated concentration levels for multiple els for individual chemicals are used as indicators of po- 

chemicals. 	 tential adverse biological effects, other co-occurring 
chemicals (which may or may not be measured) can cause 

The contaminants most frequently at levels in fish or contribute to any observed adverse effect at specific 
or sediment where associated adverse effects are prob- locations. 

2 < 
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11s or Chemical Groups Most Often Associated With Tier 1 and Tier 2 Sampling Station 
ations 

Number of Statlons 

Basod on Bared on 
Aquatic Life Human Health 

Baaed on All Measumnant PnMlrters Pamete rs  Parameters 

Perant of 

I 
TotalU of AU Tier 1 Percent of 

Chemlul or Stations Combined and Tier 2 All Tier 1 
ChemlePl GIOUD Evaluated Tien 1& 2 Stations Tier 1 Statfons Tier 2 Tier 1 Tier2 Tier 1 Tier2 

C0pFr 16,161 7,172 45 - 7.172 - 7.167 5 

Nickel 12,447 6,284 39 - 6,284 - 6,284 

Lead 16,791 5,681 36 - 5,681 - 5,415 - 328 

Zinc 15,160 3.468 22 - 3.468 - 3.451 17 

DDT (and metabolites) 11.462 3,422 21 803 15 2,619 798 2,203 21 1.402 

Chromium 15,222 3,070 19 278 5 2.792 278 2,786 7 

Dieldrin 10,284 2,597 16 58 1 2,539 49 1 .W 9 2,456 

1 Chlordane 1 10.697 1 2,169 1 141 I l l  <I 1 2,158 1 - 1 1.303 1 11 1 1,697 1 

Bis(2cthylhexyl)phthaIate 3,559 1,190 7 347 6 843 347 823 - 406 

Naphthalene 5,246 1.186 7 254 5 932 254 932 5 

Fluoranthcne 5.814 1.114 7 210 4 904 210 904 I1 

Fluonnc 5,175 1,107 7 201 4 906 201 906 5 

Silvcr 8,022 1,096 7 302 5 794 302 794 

Total for all chemicals in 21.096 15.922 - 5,521 - 10.401 3,287 9,921 2,327 6,196 
the NSI database 

The total number of sampling stations classified as The resulrs of the analysis for three chemicals (arsenic, 
Tier 1 or Tier 2 for a given chemical as presented in silver,andphthalate esthers) might be misleading Arsenic is 
Table 3-2 may not be representative of the potential risk typically analyzed in biotaas "tofalarsenic", which includes 
posed by that chemical. Although theremay be few over- all forms of arsenic. The EPA risk level for comparison with 
all observations for some chemicals, the frequency of measured values was derived for the highly toxic effects of 
detection in sediment and tissue and the frequency with inorganic arsenic. However, arsenic in the edible portions of 
which those chemicals result in Tier 1or Tier 2 risk may fish and shellfish is predominantly found in a nontoxic or- 
be high. (See Appendix D, Table D-2.) ganic formCUSEPA, 1995~). Forthis analysis, aprecautionq 



approachwas takentoaccountforthehuman healthriskfrom 
the small amount of inorganic arsenic included in total at-
senic measuresand for measures that,in fact,representonly 
inorganicarsenic. 'Iver, like copper,cadmium,lead, nickel, 
and zinc, b i d  to sulfidein sediment However, silver can-
not be evaluatedlikethese other metals in the [SEMI-[AVSI 
assessment for anumberof reasons, includingthat one mol-
eculeof sulfidebinds two moleculesof silverrather thanjust 
one as is the casefor the other metals. Rccent research sug-
gests thatif any AVS is measured silverwill not be bioavail-
ableortoxictoexposedaquaticorganisms@enyetal.. 1996). 
In the NSIdataevaluation,silverisnotevaluatedon thebasis 
of AVS measurement, and exceedaoce of two upper thresh-
oldsforaquaticl i eprotectioncanclassifya samplingstation 
as Tier 1. In the case of phthalate esthers, high concentra-
tionsinsamplesmightbe anindicationof contaminatondur-
ing sample handling and not necessarily an indication of 
sedimentcontamination at the samplingstation. 

Table 3-2 also seoaratelv identifies the number of.-.~-.- ~~~-~~~ 

samplingstationscategorizedas Tier I or Tier 2 for aquatic 
life effectsand for human health effects. Evaluation pa-
rameters indicative of aquatic life effects include: 

Tier 1 or Tier 2 for aquatic life concerns than for human 
health concerns. About 41 percent more sampling sta-
tions were classified as Tier 1for aquatic life (3,287 sta-
tions) than for human health (2,327 stations). About 60 
percent more sampling stations were classified as Tier 2 
for aquatic life (9,921 stations) than were classified as 
Tier 2 for human health (6,196 stations). The locations 
of sampling stations classified as Tier 1 or Tier 2 for 
aquatic life concerns are.illustrated in Figure 3-5, and the 
locationsof those classified as Tier 1or Tier 2 for human 
health concems ate illustrated in Figure 3-6. 

EPA analyzedthe results to determinewhich evalua-
tion parameters most often caused sampling stations to 
be classified as either Tier 1 or Tier 2 (see Table 3-3). 
Most of the sampling stations classified as Tier 1 (3,283 
stations) or Tier 2 (9,882 stations) were placed in those 
categories because measured sediment contaminant lev-
els exceeded screening values. The comparison of fish 
tissue levels of PCBs and dioxins to EPA risk levels trig-
gered placement of the second highest number of sam-
pling stations in Tier 1 (2,313 stations). The comparison 
of sedimentchemistryTBPvalues to FDA levels and EPA 
risk levels triggeredplacement of the second highest num-

Comparison of sediment chemistry measure- ber of sampling stations in Tier 2 (5,671 stations). The 
ments to EPA draft sediment quality criteria AVS and toxicity parameters triggered placement of the 

Comparison of sediment chemistry measure-
ments to other screening values (SQCs when 
percent organic carbon is not reported, SQALs, 
ERL/ERMs, PEhTELs, and AETs). 

Comparison of [SEMI to [AVS]. 

Results of toxicity tests. 

Human health evaluation parameters included: 

Comparison of sediment chemistryTBP to EPA 
risk levels or FDA tolerance/action or guide-
line levels. 

Comparison of fish tissue levels of PCBs and di-
oxin to EPA risk levels. (A sampling station can 
be classified as T~er1without comborating sedi-
ment chemistry data.) 

Comparison of fishtissue levels to EPA risk lev-
els and FDA tolerandaction or guideline levels. 

Theevaluationresults indicatethat sedimentcootami-
nation associatedwith probable or possiblebut infrequent 
adverse effects exists for both aquatic life and human 
health. More sampling stations were classified as either 

fewest sampling stations in Tier 1 (8 stations each) and 
Tier 2 (146 stations for AVS and 183 stations for toxic-
ity). Theseresultsreflect both data availabilityandevalu-
ation parameter sensitivity. 

The lack of data required to apply some important 
assessment parameters hampered EPA's efforts to deter-
mine the incidence and severity of sediment contamina-
tion. For example,aT~er1classificationbased on divalent 
metal concentrations in sediment required an associated 
acid-volatilesulfide(AVS) measurement. Also, a T~er1 
classification for potential human health effectsrequired 
both sediment chemistry and fish tissue residue data for 
all chemicalsexcept PCBs and dioxins. These data com-
binationsfrequentlywere not available. TableA-2 in Ap-
pendix A presents the total number of NSI stationswhere 
sediment chemistry data, related biological data, and 
matched data (i.e., sedimentchemistryandbiological data 
taken at the same sampling station) were collected. AVS 
measurements were available at only 1 percent of the 
evaluated stations. Likewise, matched sedimentchemis-
try and fish tissuedata were availableat only 8 percent of 
the evaluated stations. Toxicity data were also limited: 
bioassay results were available at only 6 percent of the 
evaluated stations. 

To helpjudgethe effectivenessof the NSI data evalu-
ation approach. EPA examined the agreement between 







Table 33. Number of Sampling Stations Classified as Tier 1and Tier 2 Based on Each Component of 
the Evaluation Approach (see Table 2-2) 

Fish ti- level%exceed risk levels M aftion levels 

matched sediment chemistry and toxicity test results for 
the 805 NSI sampling stations where both data types were 
available and could be evaluated. The toxicity test data 
indicate whether significant lethality to indicator organ- 
isms occurs as a result of exposure to sediment. Tier 1 
classifications for aquatic life effects from sediment chem- 
istry datacorrectly matched toxicity test results for about 
three-quarters of the sampling stations, with the remain- 
derbalanced between falsepositives (12 percent) and false 
negatives (14 percent). In conaast, when lier 2 classifi- 
cations from sediment chemistry data are added in, false 
negatives drop tn less than 1 percent at the expense of 
false positives (which increase to 68 percent) and cor- 
rectly matched sampling stations (which drop to 30 per- 
cent). This result highlights the fact that classification in 
Tier 2 is very conservative, and itdoes not indicate a high 
probability of adverse effects to aquatic life. If bioassay 
test results for sublethal (chronic) endpoints such as r e  
productive effects were included in the NSI evaluation, 
the rate of false positives would likely decrease and cor- 
rectly matched sampling stations would likely increase 
for both tiers. 

EPA also conducted a separate analysis of the corre- 
lation of toxicity data and exceedances of SQCs and 
SQALs (exclusive of other threshold values). From the 
results of this study, there are 2,037 observations of a 
SQC or SQAL exceedance at 916 sampling stations. 
These 916 sampling stations are located in 405 distinct 
RFI reaches, which are in turn located in 218 distinct 
watersheds. Matching toxicity test data are available at 

39 of these 916 sampling stations. Toxicity test results 
indicate that one or more SQC or SQAL exceedances are 
associated with significant lethality (acute effects) to in- 
dicator organisms slightly more than half of the time (22 
of 39 sampling stations). SQCs and SQALs are levels set 
to be protective of acute and chronic effects, such as ef- 
fects on reproduction or growth, for 95 percent of benthic 
species. The NSI currently does not contain matching 
chronic toxicity test data to compare with sediment chem- 
istry measures. 

For a number of reasons, known contaminated sedi- 
ment locations in the United States might not have been 
classified as T~er 1 or Tier 2 based on the evaluation of 
NSI data. The NSI does not presently include data de- 
scribing every sampled location in the Nation. There-
fore, numerous sampling stations were not evaluated for 
this fust report to Congress. However, additional data- 
bases will be added to the NSI and more sampling sta- 
tions will be evaluated for future reports to Congress. 

During an initial screening of the NSI data, EPA 
noted data quality problems that might have affected 
all or many of the data reported in a given database 
(e.g., the Virginia State Water Control Board organic 
chemical data reported in STORET). Databases with 
obvious quality problems were not included in the NSI 
data evaluation. Also, if a database included in the 
NSI did not have associated locational information 
(latitudellongitude), data in that database were not in- 
cluded in the NSI data evaluation (e.g.. EPA's Great 



Lakes Sediment Quality Database). To reduce the 
chances of overlooking sampling locations that have 
obvious sediment contamination problems, EPA sent 
a preliminary evaluation of sediment chemistry data 
to each EPA Region so knowledgeable staff would 
have an opportunity to list additional contaminated 
sediment locations not identified in the NSI evalua- 
tion. These locations are presented at the end of this 
chapter. Despite such efforts, some sediment sampling 
locations known to have contamination problems still 
have not been listed in this first report to Congress. 

Waterehed Analysie 

The potential risk of adverse effects to aquatic life 
and human health is greatest in areas with a multitude of 
contaminated locations. The assessment of individual 
sampling stations is useful for estimating the number and 
distribution of contaminated spots and the overall mag- 
nitude of sediment contamination in monitored 
waterbodies of the United States. However, asingle "hot 
spot" might not pose a great threat to either the benthic 
community at large or consumers of resident fish because 
the spatial extent of exposure could be small. On the 
other hand, if many contaminated spots are located in 
close proximity, the spatial extent and probability of ex- 
posure are much greater. EPA examined sampling sta- 
tion classifications within watersheds to identify areas 
of probable concern for sediment contamination (APCs), 
where the exposure of benthic organisms and resident 
fish to contaminated sediment may be more frequent. In 
this report. EPA defines watersheds by 8-digit United 
States Geological Survey (USGS) hydrologic unit codes 
(the cataloging unit), which are roughly the size of a 
county. 

Watersheds containing APCs are those that include 
at least 10 Tier 1sampling stations, and in which at least 
75 percent of all sampling stations were classified as ei- 
ther Tier 1 or lier 2. These dual criteria are based on 
empirical observation of the data. NSI Sampling sta- 
tions are located within 1,367 watersheds, or approxi- 
mately 65 percent of the total number of watersheds in 
the continental United States. To identify APCs, EPA fust 
examined the frequency distribution of the number of 
Tier 1 samvling stations within these watersheds. The * -
upper 10 percent of watersheds with sampling stations 
had 10 or more sampling stations classified as Tier 1. 
Because approximately three-quarters of all sampling 
stations in the nation are classified as Tier 1or Tier 2, 
EPA determined that APCs should also reflect at least 
this distribution. This second requirement slightly re- 
duced the number watersheds containing APCs. 

The definition of "area of probable concern" was 
developed for this report to identify watersheds for which 
further study of the effects and sources of sediment con- 
tamination, and possible risk reduction needs, would be 
warranted. Where data have been generated through in- 
tensive sampling in areas of known or suspected con- 
tamination within a watershed, the APC definition should 
identify watersheds which contain even relatively small 
areas that are considerably contaminated. However, this 
designation does not imply that sediment throughout the 
entire watershed, which is typically very large compared 
to the extent of available sampling data, is contaminated. 
On the other hand, where data have been generated 
through comprehensive sampling, or where sampling sta- 
tions were selected randomly or evenly distributed 
throughout a sampling grid, the APC definition might 
not identify watersheds that contain small or sporadically 
contaminated areas. A comprehensively surveyed wa- 
tershed of the size typically delineated by a USGS cata- 
loging unit might contain small but significant areas that 
are considerably contaminated, but might be too large in 
total area for 75 percent of all sampling stations to be 
classified as Tier 1 or Tier 2. Limited random or evenly 
distributed sampling within such a watershed also might 
not yield 10 Tier 1 sampling stations. Thus, the process 
used to identify watersheds containing APCs may both 
include some watersheds with limited areas of contami- 
nation and omit some watersheds with significant con- 
tamination. However, given available data, EPA believes 
it represents a reasonable screening analysis to identify 
watersheds where further study is warranted. 

The application of this procedure identified 96 wa- 
tersheds that contain APCs. The location of these water- 
sheds is depicted onFigure 3-7. Thename and cataloging 
unit number on Table 3-4 correspond to the labels on 
Figure 3-7. These watersheds represent about 5 percent 
of all watersheds in the continental United States (96 of 
2,111). The watershed analysis also indicated that 39 
percent of all watersheds in the country contain at least 
one Tier 1 sampling station, 15 percent contain at least 
one Tier 2 sampling station but no Tier 1 stations, and 6 
percent contain all Tier 3 sampling stations (Figure 3-8). 
Thirty-five percent of all watersheds in the country did 
not include a sampling station. 

The definition of an APC requires that a watershed 
include at least 10 sampling stations, because at least 10 
must be classified as Tier 1. About ~ne -~uake r  of the 
watersheds in the country (488 of 2,ll I) met this require- 
ment, and thus wereeligible to contain an APC: approxi- 
mately 20 percent (96 of 488) of these contain APCs. 
Although a minimum amount of sampling was required 





lsble 3-4. USGS Cataloging Unit Numbers and Names for Watersheds Containing APCs 

35 4100012 Huron-Vermillion 

36 4110001 Black-Rocky 

37 4110003 Ashtabula-Chagrin 



'hale 3-4. (continued) 

Map# Ca(nlo#n(l Unit Number CatalogingUnitName 


38 4120101 IChauuuqua-Conneaut 


39 4120103 Buffalo-Eighwnmile 

40 4120104 Ningan 

41 4130001 Oak Orchard-Twelvemile 

42 4150301 Upper St. Lawrence 


43 5030101 1 Upper Ohio 


I 

47 5120111 Middle Wabash-Bussemn 


48 6010104 . 1 Holslon 


49 6010201 Walu Bar Lake 


50 I 6010207 1 Lower Clinch 


51 6020001 Middle Tennessee-Chicksmmgs 


52 I 602W02 1 ~ i w s s e e  


53 6030001 Gvnlersville Lake 


54 I 6 0 3 0 5  IPickwick Lake 


55 6040001 Lower Tennessee-Beech 


56 I 6040005 IKentucky Lake 


1 57 1 7010U)6 ITwin Cities I 
1 58 1 704WOI IRush-Vennillion I 

60 7070003 Caslle Rock 


61 7080101 1 Coppers-Duck 


62 7090006 Kishwaukee 


63 I 7120003 1 Chicago 


64 7120004 Des Plaines 


65 7120006 Upper Fox 


66 7130001 Lower Illinois-Ssnachwine Lake 

67 71401001 Cshokia-loachim 

68 7140106 Big Muddy 

69 7140201 Upper Kaskaskia 

70 7 140202 Middle Kaskaskia 


71 1 80101M) 1 Lower Mississippi-Memphis 


73 8040207 Lower Ouachira 



lhble 3-4. (continued) 

90 

91 

92 

93 

94 

95 

96 

18070104 

18070105 

18070107 

18070201 

I8070204 

18070301 

18070304 

Santa Monica Bay 

Los Angeles 

San Pedm Channel Islands 

SealBeach 

Newport Bay 

Also-SanOnofre 

San D~ego 

At Least One 
Tier 1 Statlon 

99% 

At Least One Tler 2 Statlm 
and Zem Tier 1 Statlone 

15% 

Contain 
APCS 
5% 

All Tier 3 Stations 
6% 

I -0 Data 
35% 

I IFigure 3-8. National Assessment: Watershed Classifications. 



for consideration as an APC, sampling effort alone did 
not determine APC identification. In fact, other than 
defining a ceiling, the total number of sampling stations 
in a watershed is not indicative of the number of Tier 1 
sampling stations. A simple statistical regression analy- 
sis of total number of sampling stations versus number 
of Tier 1 sampling stations for the nearly 500 watersheds 
eligible to contain an APC (including at least 10 and up 
to 200 sampling stations) resulted in a correlation coef- 
ficient (R-square) of 0.44, avalue which indicates a large 
amount of variation. 

APC designation could result from extensive sam- 
pling throughout a watershed, or from intensive sampling 
at a single or few contaminated locations. In compari-
son to the overall results presented in Figure 1,sampling 
stations are located on an average of 46 percent of reaches 
within watersheds containing APCs. On the average, 30 
percent of reaches in watersheds containing APCs have 
at least one Tier 1 sampling station, and 13 percent have 
no Tier 1 sampling station but at least one Tier 2 sam- 
pling station. In many of these watersheds, contaminated 
areas may be concentrated in specific river reaches in a 
watershed. Within the 96 watersheds containing APCs 
across the country, 57 individual river reaches or water 
body segments have 10 or more Tier 1 sampling stations 
(Table 3-5). These are localized areas within the water- 
shed for which an abundance of evidence indicates po- 
tentially severe contamination. Because EPA's Reach File 
1 was used to index the location of NSI sampling sta- 
tions, some sampling stations might not actually occur 
on the identified Reach File 1stream, but on a smaller 
stream that is hvdroloeicallv linked or is relativelv close - .  
to the Reach File 1 stream. 

Volume 2 of this report contains more detailed in- 
formation for each watershed containing an APC. This 
information includes maps showing watershed bound- 
aries, major watenuays (RFI), and the location and clas- 
sification of sampling stations. In addition, Volume 2 
provides tables summarizing the sediment chemistry, fish 
tissue, and toxicity test data collected within those wa- 
tershed that were used for this evaluation. 

Wildlife Assessment 

As described in Chapter 2, EPA conducted a sepa- 
rate analysis of the NSI data to determine the number of 
sampling stations where chemical concentrations of DDT, 
mercury, dioxin, andPCBs exceededlevels set to be pro- 
tective of wildlife (i.e.. EPA wildlife criteria). The wild- 
life criteria used in this evaluation were derived from 
those presented in the Great Lakes Water Quality Initia- 
tive Criteria Documents for the Protection of Wildlife 

(USEPA, 1995a) subtracting out exposure from direct 
water consumption. The only assumed route of expo- 
sure for this evaluation was the consumption of contami- 
nated fish tissue by wildlife. 

Data were available to evaluate a total of 13,691 NSI 
sampling stations using the wildlife criteria. Based on 
wildlife criteria alone, 162 sampling stations would be 
classified as Tier 1(matched sediment chemistry and fish 
tissue data), and 7,634 sampling stations would be clas- 
sified as Tier 2 (sediment chemistry TBP or fish tissue 
data). Figure 3-9 shows the location of lier 1 and Tier 2 
sampling stations based on exceedance of wildlife crite- 
ria. Table 3-6 presents a comparison of the sampling 
stations classified as Tier 1 or Tier 2 with and without 
the use of wildlife criteria. If wildlife criteria had been 
used to complete the national assessment, 619 sampling 
stations classified as Tier 3 would have been classified 
as Tier 2 and 16 sampling stations classified as Tier 2 
would have been classified as Tier 1. Most of the change 
is 'om an increase in lier 2 sampling stations classified 
for DDT (from 2,619 to 4,276) and mercury (from3,211 
to 5,199). 

Additional sampling stations would be classitied as 
Tier 1 or Tier 2 using wildlife criteria for two reasons: 
(1) the wildlife criteria for DDT and mercury are signifi- 
cantly lower (8 and 19 times lower, respectively) than 
the EPA risk levels used in the corresponding human 
health evaluations; (2) the lipid content used in the wild- 
life TBP analysis (10.31 percent for whole body) ex- 
ceeded the lipid content used in the human health TBP 
analysis (3.0 percent for fillet). 

No additional sampling stations would be classified 
as Tier 1 based on mercury or dioxins wildlife criteria. 
For a sampling station to be classified asTier 1, both sedi-
ment chemistry TBP and measured fish tissue concentra- 
tions taken from that sampling station had to exceed the 
wildlife criteria. At very few sampling stations in the NSI 
were both sediment chemistry and fish tissue levels for 
dioxin measured. In those few cases where contaminants 
in both media were measured, there were no additional 
sampling stations (stations not already classified as Tier 
I) where both the sediment chemistry TBP and fish tissue 
levels exceeded the wildlife dioxin criteria. No additional 
sampling stations were classified as Tier 1 for exceedance 
of the wildlife criteria for mercury because sediment chem- 
istry TBPs cannot be calculated for metals. 

Regional and StateAssessment 

The remainder of this chapter presents more de- 
tailed results from the evaluation of NSI data for sam- 



Table 3.5. River Reaches With 10or More Tier 1 Sampling Stations Located in Watersheds Containing 
APCs 
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Table 3-5. (Continued) 
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lhble 3-6. 	 Increased Number of Sampling Stations Classified as l l e r  1and n e r  2 by Including Wildlife 
Criteria in the National Assessment' 

NumberofSbtlom Excluding NuahrofStstiom Indndlitg
WdMe Assessmed WdWe Assesamed 

Chedenl or (hedent 
Gmup Tlerl Tkri T*rl TkrZ 

GDT (4mlabo!ites) 803 2.619 868 4,276 

Dbxb 311 33 311 60 

MCrnrY 1,122 3.211 1.122 5,199 

PCBs 3.175 2,279 3,181 2.289 

AU Data 5.521 10,401 5.537 11,004 
-

wildlife urusmnl u r d  a defull lipid eonsnt d 10.31p.rcmtfocomputeUr rrdimal hemi* ID; 

pling stations located in each of the EPA Regions and 
each state. The sections that follow present the num- 
ber of Tier 1, Tier 2, and Tier 3 sampling stations in 
each Region and state and lists of the chemicals most 
often responsible for Tier 1 and Tier 2 classifications. 
Tables and figures similar to those presented in the 
national assessment of sampling station evaluation re- 
sults and river reach evaluation results are included. 
Regional maps display the location of Tier 1 and Tier 
2 sampling stations and APCs. The presentation for- 
mat is identical for each Region. 

These summary results are not inclusive of locations 
with contaminated sediment not identified in this sur- 
vey. The data compiled for the NSI are primarily from 
largenational electronicdatabases. Data frommany sam- 
pling and testing studies have not yet been incorporated 
into the NSI. Thus, there might be additional locations 

with sediment contamination that do not appear in this 
summary. On the other hand, data in the inventory were 
collected between 1980 and 1993 and any single mea- 
surement of chemical at a sampling station, taken any 
point in time during that period, could result in the clas- 
sification of the sampling station in l ier  1 or Tier 2. 
Because the evaluation is a screening level analysis, sam- 
pling stations appearing in Tier 1 or Tier 2 might not 
cause unacceptable impacts. In addition, management 
programs to address identified sediment contamination 
might already exist. 

It is important to emphasize here that some Re- 
gions, such as Region 4 and Region 5, have signifi- 
cantly more data in the NSI than do most other 
Regions. This would, to some degree, account for the 
relatively large number of sampling stations classified 
as Tier 1 in these Regions. 



EPA Region 1 
Connecticut, Maine, Massachusetts, New Hampshire, 
Rhode Island, Vermont 

EPA evaluated 1,102 sampling stations in Region 1 
as part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life are prob- 
able (Tier 1) was found at 254 of these sampling sta- 
tions, and possible but infrequent V ~ e r  2) at 613 of these 
sampling stations. For human health, data for 44 sam-
pling stations indicated probable association with adverse 
effects (Tier 1). and 246 sampling stations indicated pos- 
sible but infrequent adverse effects (Tier 2). Overall, 
this evaluation resulted in the classification of 298 sam- 
pling stations (27 percent) as Tier 1,646 (59 percent) as 
Tier 2, and 158 (14 percent) as Tier 3. The NSI sam-
pling stations in Region 1 were located in 131 separate 
river reaches, or 5 percent of all reaches in the Region. 
Two percent of all river reaches in Region 1 included at 
least one Tier 1 station, 3 percent included at least one 
Tier 2 station but no Tier 1 stations, and less than one 
percent had only Tier 3 stations (Figure 3-10). Table 3- 
7 (on the following page) presents a summary of sam- 
pling station classification and evaluation of river reaches 
for each state and for the Region as a whole. 

dAt Leaat One 

'Tier 1 Station 

' i t  Least One 
-Tier 2 Station and 
\ Zero Tier 1 Stations 
AIITier 3 3% 
Station8 
<l% 

NO Data 
95% 

Total number of river reaches = 2.648 

Figure 3-10. 	Region 1:Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 
3 Sampling Stations. 

This evaluation identified 3 watersheds containing 
areas of probable concern for sediment contamination 
(APCs) out of the 61 watersheds (5 percent) in Region 1 
(Figure 3-11). In addition, 39 percent of all watersheds 
in the Region had at least one Tier 1 sampling station but 
were not identified as containing APCs, 11 percent had 
at least one Tier 2 station but no Tier 1 stations, and 2 
percent had only Tier 3 stations. Forty-three percent of 
the watersheds in Region 1 did not include a sampling 
station. The locations of the watersheds containing APCs 
and the Tier 1 and Tier 2 sampling stations in Region 1 
are illustrated in Figure 3-12. 

Within the three watersheds in Region 1 identified 
as containing APCs (Table 3-8), 14 water bodies have at 
least 1 Tier 1 sampling station; 3 water bodies have 10 or 
more Tier 1 sampling stations (Table 3-9). The Massa- 
chusetts Bay area appears to have the most significant 
sediment contamination in Region 1. The water bodies 
listed on Table 3-9 are not inclusive of all locations con- 
taining a Tier 1 sampling station because only water bod- 
ies within watersheds containing APCs are listed. 

The chemicals most often associated with Tier 1 and 
Tier 2 sampling station classifications in Region 1 over- 
all and in each state in Region 1 are presented in 
Table 3-10. 

At Least One 
Tier 1 Station 

Total number of watersheds = 61 

Figure 3-11. Region 1:Watershed Classifications. 

I 



Table 3-7. Region 1: Evaluation Results for Sampling Stations and River Reaches by State 

River reach- b a ~ don EPA River Reach File I (RFI). 

%Stasions not identifled by an RFI rcwh were located in saut l l  or open waer -. 

'No ~Lationrin Urss reach- %re included in Ticr I. 

%exuse m e reacher occur in more lhan m e  state, the total number of reaches in each category for Ur Region might oar equal the rum of reacher in the =rarer 






Table 3-8. 	 Region 1: Watersheds Containing Areas of Probable Concern for Sediment Contamination 

.Nodal* were available for slaw lislcd in parenlhcsia 

Table 3-9. 	 Region 1: Water Bodies With Sampling Stations Classified as Tier 1 Located in Watersheds 
Containine APCs -

*Subqucnt  d a a  review indicates lhsse smpling stationa may, in fact, be lwalcd in Buzzards Bay. 
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lsble 510. Region 1: Chemicals Most Often Associated With Tier 1 or Tier 2 Sampling Station 

Region 1 
Overall 

Connecticut 

Maine 

Classifications' 

Chemlml 


Coppr 

Lcsd 


Chromium 


Nickel 


M e w  
Arsenic 

Zinc 

Cadmium 

~olychlorinated biphenyls 

Benzo(a)pyrene 

DDT 

Dibenzda.h)anthracene 

Benzoia)anthracene 

Pyrene 

Cinysene 

Copper 
Nickel 

Lead 

Cadmium 

Zinc 

M e w  
Chromium 

Benzo(a)pynne 

Chrysenc 

Polychlorinated biphenyls 

Arsenic 

Polychlorinated biphenyls 

Chromium 

Nickel 

Benzo(a)pyrene 

Lead 

DDT 

COPPCr 
Mercury 

Dibenzc4a.h)anthracene 

Massachusetts Lead 

copper 

Mercury 


.Station8 may bc li~trdfa more han one chemical. 


#Tier 1 
& Tler 2 
slat lo^ 

625 

623 

497 

491 

488 

387 

376 

339 

231 

179 

133 

132 

128 

122 

120 

71 

55 

49 

45 

40 


39 

32 

28 

24 

23 

31 

30 

30 

29 

25 

23 

16 

15 

13 

I2 

513 

504 

416 

#Tier 1 
SlaUon 

-
. 

59 
-

176 

14 

74 

5 

17 

13 

8 

7 

2 

11 

I 
-
4 

7 

2 

-

I 

162 

#Tier 2 
Slation 

625 

623 

438 

491 

312 

373 

376 

339 

157 

174 

116 

119 

I20 

115 

118 

71 

55 

49 

45 

40 

28 

32 

27 

24 

19 

31 

23 

28 

29 

25 

23 

16 

15 

13 

I1  

513 

504 

254 

#Tier 1 
&TIerZ #Tier1  #T ie r2  

Chemlml S l a U o ~SlaUon Slatlon 
Massachusetts Chromium 411 53 358 
(wntinucd) Nickel 377 - 377 

Arsenic 317 14 303 
Zinc 314 - 314 
Cadmium 278 -- 278 

Polychlorinated biphenyls 149 54 95 
Benzo(a)pyrene 98 2 96 

New DDT 4 3 1 
Hampshire Anthracene 3 2 1 

Benzo(a)anthracene 3 2 I 
Benzo(a)pyrene 3 2 I 
Phenanthrene 3 2 I 
Acenaphthylene 3 .. 3 
Benzoibfluoranthene 3 .. 3 
Fluoranthene 3 .. 3 
Chrysene 2 1 I 
Acenaphthenc 2 - 2 

Rhcde Island 	 Lead 35 -- 35 
Copper 32 -- 32 
Nickel 28 -- 28 
Polychlorinaled biphenyls 25 5 20 

Benzo(a)pynnc 25 - 25 
Chromium 23 3 20 
D M  23 3 20 
Arsenic 22 - 22 
Benzo(a)anthracene 21 - 2 1  

Dibenm(a,h)anthracene 20 2 18 
Vermont 	 Poiychlorinated biphenyls 3 3 -

Dioxins I I .. 
Aldrin 1 - I 
Arsenic 1 .. 1 
Cadmium I - 1 
Copper 1 - I 
Dieldrin 1 .. 1 
Lead I .. I 
Mercury I - I 
Nickel 1 - I 



EPA Region 2 
New Jersey, New York, Puerto Rico 

EPA evaluated 1,096 sampling stations in Region 2 
as part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life are prob-
able (Tier 1) was found at 319 of these sampling sta- 
tions, and possible but infrequent (Tier 2) at 523 of these 
sampling stations. For human health, data for 37 sam- 
pling sations indicatedprobable association with adverse 
effects (Tier I), and 533 sampling stations indicatedpos- 
sible but infrequent adverse effects (Tier 2). Overall, 
this evaluation resulted in the classification of 355 sam- 
pling stations (32 percent) as T~er 1,559 (51 percent) as 
Tier 2, and 182 (17 percent) as Tier 3. The NSI sam- 
pling stations in Region 2 were located in 292 separate 
river reaches, or 17 percent of all reaches in the Region. 
Seven percent of all river reaches in Region 2 included 
at least one Tier 1 station. 8 percent included at least one 
Tier 2 station but no Tier 1 stations, and 2 percent had 
only Tier 3 stations (Figure 3-13). Table 3-11 (on the 
following page) presents a summary of sampling station 
classification and evaluation of river reaches for each 
state and for the Region as a whole. 

This evaluation identified 12 watersheds containing 
areas of probable concern for sediment contamination 
(APCs) out of the 63 watersheds (19 percent) in Region 
2 Figure 3-14). In addition, 41 percent of all water- 

No Data 

At Least One 
Tier IStation 

7% 
At Least One 


Tier 2 Station and 

Zem lier 1Stations
'%All2% 8%StationsTier 3 

Total number of rlver reaches = 1,753 

Figure 3-13. 	 Region 2: Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not identified as containing APCs, 30 per- 
cent had at least one T~er 2 station but no T~er 1 stations, 
and none of the watersheds evaluated had only Tim 3 
stations. Ten percent percent of the watersheds in R e  
gion 2 did not include a sampling station. The locations 
of the watersheds containing APCs and the Tier 1and 
Tier 2 sampling stations in Region 2 are illustrated in 
Figure 3-15. 

Within the 12 watersheds in Region 2 identified as 
containing APCs (Table 3-12), 52 water bodies have at 
least 1 Tier 1 sampling station; 9 water bodies have 10 
or more T~er 1 sampling stations (Table 3-13). Several 
areas in Region 2 appear to have significant sediment 
contamination. They include the Niagara River, Buffalo 
Creek, and Lake Erie near Buffalo, New York; Lake 
Ontario between Rochester, New York, and the Niagara 
River; the St. Lawrence River in the northern part of New 
York; Arthur Kill in New York and New Jersey; the 
HackensackPassaic watershed in New York and New 
Jersey; the Atlantic Ocean beyond Staten Island; and otb- 
ers. The water bodies listed on Table 3-13 are not inclu- 
sive of all locations containing a Tier 1 sampling station 
because only water bodies within watersheds containing 
APCs are listed. 

The chemicals most often associated with Tier 1 and 
T~er2 sampling station classifications in Region 2 over- 
all and in each state in Region 2 are presented in 
Table 3-14. 

At Least One 

Figure 3-14. Region 2: Watershed Classifications. 
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" . Table 511. Region 2: Evaluation Resultsfor SamplingStationsand River Reeehes by State 

'Rim&ca bacd w W ARiver Ibcbme 1(RFI). 

I11Iima wt identirid by an RFI reach w m  louted in coasml m o p c ~wUcr -. 

'No rt.tioo*in Ulssc reacheswere iocludsd in lia 1. 

% ~ s o m c r r r c ~ o c o n i n m m c U l a n ~ ~ ~ ~ , I b c ~ ~ b e r o f r u c h ~ i n ~ ~ f 0 1 ~ R c ~ m m i g h t n 0 1 ~ U l e s u m o f ~ i n ~ ~ ~ .  






lable 3-12. Regia I 2: Watersheds Containing Areas of Probable Concern for Sediment Contamination 

I 

02030104 

04130001 

04120104 

02040202 

02030105 

02040105 

02040301 

Table 3-13. 	 Regia 
Conk 

Name 


Sandy Hook-Slalai ISM NY, NI M) 21 19 81 


~ u ~ a b - ~ i ~ h t e c d  I NY I s 9 1 3 3 1 9 1  91 


Hsckemack-Passak NY, NI 43 58 2 98 


Oak Ordwd-I*zhem% I NY 1 3 9 1 4 6 1  1 1 
 99 


C h a q u a - C o w  NY.PA,OH 21 86 3 97 


umr SLLavncm I NY 1 2 1 1 5 1 5 1 84 


Lower Dehwan I PA,NJ 1 1 1 1
18 29 10 82 


Miidl: Delaware-Mw~mng PA,NI 11 26 I1 77 


M&a-Tom NJ 10 22 10 76 


12: Water Bodies With Sampling Stations Classified as Tier 1 Located in Water! 
nine APCs 



-- 

-- 

-- 

-- 

-- 
-- 

Table 3-14. Region 2: Chemicals Most Often Associated With Tier 1 or Tier 2 Sampling Station 

Region 2 

Ovwfdl 


New Jersey 

Classrncati~ns' 

Chemlml 

Copper 

b a d  

Nickel 

Polychlorinated biphenyls 

Mercury 
Cadmium 

Zinc 

DDT 


Arsenic 

Chromium 

Chlordane 

Pyrene 

Bcnzo(a)pyrene 

Naphthalene 

Fluoranlhcne 

DDT 

Copper 

Lead 

Polychlorinated biphenyls 

Mercury 

Arsenic 

Zinc 

Chlordane 

Y T k r l  
&TlerZ 
Stations 

546 

467 

443 

442 

388 

360 

358 

351 

282 

, 247 

229 

214 

180 

155 

151 

195 

192 

191 

181 

158 

151 

143 

139 

I T l e r l  #Tier2 
Station Station 

546 New Jersey 
.. 467 (mntinucd) 

-- 443 New York 

151 291 

144 244 
-- 3bO 
-- 358 

114 237 

6 276 

26 221 
-- 229 

64 150 

36 144 PuenoRiw 

30 125 

41 110 

48 147 
-- 192 
-- 191 

43 138 

70 88 

6 145 
-- 143 
-- 139 

Chemiml 

Cadmium 

Chromium 

Copper 
Nickel 

Lead 

Polychlorinated biphenyls 

Cadmium 

Mercury 

Zinc 

DDT 

Pynne 

Chromium 

Copper 

Nickel 

Arsenic 

Lead 

Mercury 

Zinc 

Sifvcr 

Bis(2cthylhexyl)phthalat 

Dicchyl phthalate 

Cadmium 

YTkr1  
&Tier2 
Stations 

128 

119 

332 

321 

268 

261 

230 

224 

210 

155 

147 

126 

22 

10 

9 

8 

6 

5 

4 

2 

2 

2 

#Tier1 
Station 

-
22 

-
-

108 

70 

66 

52 

4 

.. 

.. 
4 
.. 
1 

1 

1 
.. 

#Tier2 
Station 

128 

97 

332 

321 

2MI 

153 

230 

154 

210 

89 

95 

122 

22 

10 

9 

8 

2 

5 

3 

1 

1 

2 

'SUtiOU may b listed for nrac than on. chrmiul. 



EPA Region 3 
Delaware, District of Columbia, Maryland, Pennsylva- 
nia, Virginia, West Virginia 

EPA evaluated 1,910 sampling stations in Region 3 
as part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life are prob-
able (Tier 1) was found at 86 of these sampling stations, 
and possible but infrequent (Tier 2) at 915 of these sam- 
pling stations. For human health, data for 239 sampling 
stations indicated probable association with adverse ef- 
fects (Tier l), and 222 sampling stations indicated pos- 
sible but infrequent adverse effects (Tier 2). Overall, 
this evaluation resulted in the classification of 318 sam- 
pling stations (17 percent) as Tier 1,934 (49 percent) as 
Tier 2, and 658 (34 percent) as Tier 3. The NSI sam- 
pling stations in Region 3 were located in 888 separate 
river reaches, or 27 percent of all reaches in the Region. 
Six percent of all river reaches in Region 3 included at 
least one Tier 1 station, 14 percent included at least one 
Tier 2 station but no Tier 1 stations, and 7 percent had 
only Tier 3 stations (Figure 3-16). Table 3-15 (on the 
following page) presents a summary of sampling station 
classification and evaluation of river reaches for each 
state and for the Region as a whole. 

No Da 
73% 

Total number of river reaches = 3,247 

Figure 3-16. Region 3:Percent of River Reaches 
That Include Tier 1,Tier 2 and Tier 3 
Sampling Stations. 

This evaluation identified 8 watersheds containing 
areas of probable concern for sediment contamination 
(APCs) out of the 128 watersheds (6 percent) in Region 
3 (Figure 3-17). In addition, 63 percent of all water-
sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not identified as containing APCs, 22 
percent had at least one Tier 2 station but no Tier 1 sta- 
tions, and 5 percent had only Tier 3 stations. Four per- 
cent of the watersheds in Region 3 did not include a 
sampling station. The locations of the watersheds con- 
taining APCs and the Tier 1 and Tier 2 sampling stations 
in Region 3 are illustrated in Figure 3-18. 

Within the 8 watersheds in Region 3 identified as 
containing APCs (Table 3-16), 27 water bodies have at 
least 1Tier 1 sampling station; 4 water bodies have 10 or 
more Tier 1 sampling stations (Table 3-17). The Dela- 
ware River; the Schuykill River in Pennsylvania (near 
Philadelphia); coastal areas of Lake Erie near Erie. Penn- 
sylvania; and the Ohio River near Pittsburgh appear to 
have some of the most significant sediment contamina- 
tion in Region 3. The water bodies listed on Table 3-17 
are not inclusive of aII locations containing a Tier 1 sta- 
tion because only water bodies within watersheds con- 
taining APCs are listed. 

The chemicals most often associated with Tier 1 and 
Tier 2 sampling station classifications in Region 3 over- 
all and in each state in Region 3 are presented in 
Table 3-18. 

I Tier 3 Stations 

At Least One Tier 2 Station 
and Zero Tier 1 Stations 

22% 

Total number of watersheds = 128 

Figure 3-17. Region 3:Watershed Classifications. 



Table 315. Region 3: Evaluation Results for Sampling Stations and River Reaches by State 

'Rzvcr reaches k s d  on EPA Rive  Resch File I(RPI). 

Statioos not idcnutled by p.RPI rswh ara.louted in mrUal or o p n  water pnnr 

'No statiom io rhuercsches w m  included in lia 1. 

'Because some re& a;min m m  (hmonc s w ,  the torpl nomba of reache in each ategory for me Region might oc4 qtd the sum of reaches UI the stater. 






I 3: Watersheds Containing Areas of Pro1 ~ble Concern for Sediment Contamination 
N h rofS* Rmed of 

Statiom SunplingI
StsUom in Tier 1 
Tlerl Tier2 Tier3 orTler2 

21 86 3 97 

18 29 10 82 

~05030101 1 Uppsr Ohb 	 IWVPA,OH I 12 1 29 1 I2 1 77 1 

'Nodata wrw auailablc for ruler listad in annthrarr 

Table 3-17. 	 Region 3: Water Bodies With Sampling Stations Classified as Tier 1 Located in Watersheds 
Containing APCs 



lsble 3-18. Region 3: Chemicals Most OftenAssociated With Tier 1 or Tier 2 Sampling Station 

Region 3 

Ovadl 


Dclawan 


Disuin of 

Columbia 


Miuyland 


Clessmcntions' 

Chernlal 

Nickel 

Copper 

Lead 

Arsenic 

Zinc 

Polychlorinated biphenyls 

Cadmium 

M C W  

Chromium 


Chlordane 


DDT 


Dieldrin 


Benzo(a)~yme 


BHC 


. 	Dibem(ah)anlhrncenc 

Polychlorinated biphenyls 

DDT 

Lead 

Chromium 

Arsenic 

Nickel 

BHC 

M ~ v 

Benzo(a)~yrme 

C W ~  
Polychlorinated biphenyls 

Dioxins 

B e n ~ o ( a ) P y ~ e  
Chlordane 

CopPCr 
Dieldrin 

Nickel 

Silver 

Arsenic 

Bem(a)anthraccnc 

Polychlorinated biphenyls 

Arsenic 

Lead 

#me11 
&TlerZ 
S1.110~ 

634 

626 

626 

529 

371 

353 

346 

320 

249 

161 

135 

116 

106 

69 

M 

33 

27 

24 

19 

18 

15 

13 

12 

12 

8 

4 

2 

2 

2 

2 

2 

2 

I 

I 

1 

71 

70 

68 

U n e r l  # n o r 2  
ShUon Station 

- 634 Maryland 

.. 626 (continued) 


-- 626 


I 528 

- 371 


243 110 

- 346 

42 278 Pennsylvania 

I2 237 

-- 161 


9 126 

-- 116 


6 IW 


2 67 


4 60 


14 19 


3 24 
-- 24 Virginia 

2 17 
-- 18 
-- 15 
- 13 

3 9 

-- 12 

.. 8 


2 2 

2 -
.. 2 West Virginia 
.. 2 

.. 2 

- 2 
- 2 


I ,  -

- I 
- I 

44 	 27 

-- 70 

-- 68 


Chemical 

Nickel 

COPPC~ 
Chromium 

DDT 

Chlordane 

Zinc 

Benzo(a)pyrenc 

Polychlorinated biphenyls 

Lead 

Chlordane 

Nickel 

Cadmium 

Dieldrin 

Coppcr 

Zinc 

DDT 

MarurY 
Copper 

Nickel 

Arsenic 

Lead 

Zinc 

Mercury 

Cadmium 

Chromium 

Polychlorinated biphenyls 

Benzo(a)pyme 

Polychlorinated biphenyls 

Lead 

Chlordane 

Dieldrin 

Cadmium 

Coppcr 

Zinc 

Heptachlor epoxide 

Nickel 

Aldrin 

#Tier 1 
&Tier2 
Stations 

50 

42 

41 

35 

33 

32 

31 

141 

87 

81 

63 

56 

55 

46 

44 

38 

25 

520 

497 

412 

411 

279 

260 

255 

I67 

.62 

48 

42 

35 

. 29 

16 

12 

8 

8 

7 

7 

6 

#Tier1 #Tier2 
Station Station 

-- 50 
-- 42 

4 37 
-- 35 
-- 33 
-- 32 
-- 31 

I12 29 
-- 87 
-- 81 
-- 63 
-- 56 
-- 55 
-- 46 
-- 44 

6 32 

3 22 
-- 520 
-- 497 
-- 412 
-- 411 
-- 279 

34 226 
-- 255 

3 IM 

30 32 

4 44 

41 .. 
-- 35 
-- 29 
-- 16 
-- I2 
.. 8 
.. 8 
.. 7 
.. 7 
.. 6 

*Station8may blisldfar more lhan onr ehofiul. 



EPA Region 4 
Alabama, Florida, Georgia, Kentucky. Mississippi, ~ o n h  
Carolina, South Carolina, Tennessee 

EPA evaluated 4,959 sampling stations in Region 4 
as part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life are prob- 
able (Tier 1) was found at 637 of these sampling sta- 
tions, and possible but infrequent Wer 2) at 1,888 of 
these sampling stations. For human health, data for 561 
sampling stations indicatedprobable association with ad- 
verse effects (Tier 1). and 1,006 sampling stations indi- 
cated possible but infrequent adverse effects (Tier 2). 
Overall, this evaluation resulted in the classification of 
1,157 sampling stations (23 percent) as Tier 1,1,930 (39 
percent) as Tier 2, and 1,872 (38 percent) as Tier 3. The 
NSI sampling stations in Region 4 were located in 1,770 
separate river reaches, or I8 percent of all reaches in the 
Region. Six percent of all river reaches in Region 4 in- 
cluded at least one Tier 1station, 7 percent included at 
least one Tier 2 station but no Tier 1 stations, and 5 per- 
cent had onlv Tier 3 stations (Fieure 3-19). Table 3-19 . -
(on the following page) presents a summary of sampling 
station classification and evaluation of river reaches for 
each state and for the Region as a whole. 

This evaluation identified 19 watersheds containing 
areas of probable concern for sediment contamination 

No Data 

At Least One 
Tier 1Station 

8% 
At Least One 
Tier 2 Station 

and Zem limr 1 

82% GAIIller35% Stations~tntbns 7% 

Total number of rlver reaches = 9.749 

Figure 3-19. 	 Region 4: Percent nPRiver Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

(AF'Cs) out of the 308 watersheds (6 percent) in Region 
4 F~gure  3-20). In addition, 59 percent of all water- 
sheds in the Region had at least one Tier 1sampling sta- 
tion but were not identified as containing APCs, 17 
percent had at least one Tier 2 station but no Tier 1 sta- 
tions, and 8 percent had only Tier 3 stations. Ten per- 
cent of the watersheds in Region 4 did not include a 
sampling station. The locations of the watersheds con- 
taining APCs and the Tier 1 and Tier 2 sampling stations 
in Region 4 are illustrated in Figure 3-21. 

Within the 19 watersheds in Region 4 identified as 
containing APCs (Table 3-20), 65 water bodies have at 
least 1 Tier 1 sampling station: 15 water bodies have 10 or 
more Tier 1 sampling stations (Table 3-2 1). Several areas 
in Region 4 appear to have potential sediment contamina- 
tion. They include the Tennessee River and Lookout Creek 
in Tennessee and Georgia, Wilson Lake and Mobile Bay 
in Alabama, the St. Johns River inFlorida, and otherloca- 
tions. The water bodies listed on Table 3-21 are not inclu- 
sive of all locations containing a Tier 1 sampling station 
because only water bodies within watersheds containing 
APCs are listed. 

The chemicals most often associated with Tier 1 and 
Tier sqling stationclassificationsin Region overall 
and in each state in Region 4 are presented in Table 3-22. 

Figure 3-20. Region 4: Watershed Classifications. 
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Table 3-19. Region 4: Evaluation Results for Sampling Stations and River Reaehes by State 

S t . h  I h b d i r m  River R e d  hnhm6ob 

State No. % 

I 

No. % No. % 

Not 
I&&d 
bg.nRR

R e d  

d n t  
h a t  1 

Seatiwin 
T*rl 

d a t  
h p e t  1 
Sationin 

'lier2' 

Rerhes 
drll 

Stptioas 
b m r 3  

d n t  
h t 1 
Sah 

Esrkpkd 

Told 
Re& 
*St.* 

dnt 
h a t  1 
S t . h  
hnhned 

h t l  
T * r l o r  
lkrZ 

Sht ia .  

Ahbam 160 34 178 37 139 29 65 68 57 s7 182 1.531 12 8 

Fbrila 211 12 672 38 893 50 1W 70 115 126 311 855 36 22 

&@ 115 36 IM) 32 103 32 3 75 57 54 186 1.658 I1 8 


Kermclty 69 28 131 52 49 20 49 60 26 135 1.247 11 9 

-~ 

Nnth Camh 71 12 294 48 247 40 22 50 I56 107 313 1,415 22 15 

Souh Camha 161 29 254 45 148 26 2 105 I38 28 271 1,055 26 23 

Ternessec 316 49 159 25 171 26 ~ I32 63 97 292 1,417 21 14 

REGION44 1,157 23 1,930 39 1,872 38 343 566 6% 520 1.770 9,749 18 13 

'River d e r  bawd on EPA RivaR& Fils I (RPI). 
Stations wt idsntifled by ao RFI reach arm located in masMnopen w m  mar. 
'No sations in lhuemsbuaraeincluded in 7lm 1. 
%-ur somereaches ocnn.in nnne U I ~one m.Ur loW n m k  of ruchesin cnch category fathe Rcaon migbl Mt sqaal Ur sum of m&r in the W. 





lsble 3-20. Region 4: Watersheds ContainingAreas of Probable Concern for Sediment Contamination 

Slatkm InTkr 1 



lhble 3-21. Region 4: WPter Bodies With Sampling Stations Classified as TIer 1 Located in Watersheds 
Containjng APCs 



'Igble 3-22. Region 4: Chemicals Most Often Associated With Tier 1 or Tier 2 Sampling Station 
Classifications' 

# Tler 1 W Tler 1 
&Tier 2 # Tfer 1 # T k r  2 &TlerZ #Tier1  #Tier2  

C h u n l d  StaUona Statlon Station Chemical Stations Statlon Station 
1034 669 365 Kentucky Arsenic 65 3 62 
989 -- 989 (mntinued) copper 55 -- 55 

Copper 935 -- 935 Polychlorinated biphenyls 50 48 2 
Mercury 923 235 688 Zinc 43 - 43 
Nickel 8U1 - 820 Chlordane 41 3 38 

751 157 594 Dieldrin 40 3 37 
Cadmium Mercury 35 5 30 

I 991 311 68 
Chromium 459 26 433 Nickel 66 -- 66 
Zinc 438 -- 438 Arsenic 63 I 62 
Chlordane 374 7 367 Polychlorinated biphenyls 44 I5 29 
Benzo(a)pynne 289 28 261 Cadmium 33 -- 33 
Fyrene 279 62 217 Chromium 32 -- 32 

-Dieldrin 252 9 243 Lead 28 - 28 
IFluoranthene 207 34 173 Dieldrin 24 -- 24 

Alabama IMereury 125 42 83 Copper 22 -- 22 
Arsenic 118 4 114 Benzo(a)pyrene 13 -- 13 
Polychlorinated biphen! 114 98 16 ~  ~ n h copper 150 -- 150 
Cadmium 103 .. 103 Carolina M~~~~ 

Nickel 97 -- 97 Lead 

copper 94 -- 94 Nickel 
h a d  85 -- 85 Arsenic 
D m  76 8 68 Chromium 
Zinc 76 -- 76 Cadmium 

l~hromium I 69 1 IgPoed biphenyls I :;IFlorida hfercun, 302 

Polychlorinated biphenyls 293 

Lead 29 1 


copper 283 -. 283 Carolina ~m 
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EPA Region 6 
Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin 

EPA evaluated 4,290 sampling stations in Region 
5 as part of the NSI evaluation. Sediment contamina- 
tion where associated adverse effects to aquatic life are 
probable (TI= 1) was found at 642 of these sampling 
stations, and possible but infrequent (Xer 2) at 2,011 of 
these sampling stations. For human health, data for 777 
sampling stations indicated probable association with ad- 
verse effects (Tier I), and 1,469 sampling stations indi- 
cated possible but infrequent adverse effects (Tier 2). 
overail, this evaluation iesulted in the classification 
of 1,418 sampling stations (33 percent) as Tier 1.2.137 
(50 percent) as Tier 2, and 735 (17 percent) as Tier 3. 
(It should be noted that the NSI includes sampling data 
from the Great Lakes Sediment Inventory that, because 
of a lack of latitude and longitude data, were not in- 
cluded in the NSI evaluation. Had those data been 
included in the NSI evaluation, an additional 221 sta- 
tions would have been categorized as Tier 1, 392 as 
Tier 2. and 84 as Tier 3.) The NSI sampling stations 
in Region 5 were located in 1,432 separate river 
reaches, or 24 percent of all reaches in the Region. 
Ten percent of all river reaches in Region 5 included 
at least one Tier 1 station, 10 percent included at least 
one Tier 2 station but no Tier 1 stations, and 4 percent 
had only Tier 3 stations (Figure 3-22). Table 3-23 (on 
the following page) presents a summary of sampling sta- 
tion classification and evaluation of river reaches for each 
state and for the Region as a whole. 

NO Da 

76% 


Total number of rlver reaches =8,025 

Figure 3-22. 	 Region 5: Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

This evaluation identified 36 watersheds containing 
areas of probable concern for sediment contamination 
(APCs) out of the 278 watersheds (13 percent) in Re- 
gion 5 (Figure 3-23). In addition, 59 percent of all wa- 
tersheds in the Region had at least one Tier 1sampling 
station but were not categorized as containing APCs, 
7 percent had at least one Tier 2 station but no Tier 1 
stations, and 3 percent had only Tier 3 stations. Eigh- 
teen percent of the watersheds in Region 5 did not in- 
clude a sampling station. The locations of the watersheds 
containing APCs and the Tier 1 and Tier 2 sampling 
stations in Region 5 are illustrated in Figure 3-24. 

Within the 36 watersheds in Region 5 identified 
as containing APCs (Table 3-24), 102 water bodies 
have at least 1 Tier 1 sampling station; 18 water bod- 
ies have 10 or more Tier 1 sampling stations (Table 3- 
25). The Detroit River, Fox River, Milwaukee River, 
Mississippi River, Chicago Ship Canal, and several 
coastal areas of Lake Michigan and Lake Erie appear 
to have the most significant sediment contamination 
in Region 5. The water bodies listed on Table 3-25 
are not inclusive of all locations containing a Tier 1 
sampling station because only water bodies within 
watersheds containing APCs are listed. 

The chemicals most often associated with Tier 1 
and Tier 2 sampling station classifications in Region 5 
overall and in each state in Region 5 are presented in 
Table 3-26. 

II Tier 3 Stations 

and Zero Tier 1Stations 

7% 


Total number of watersheds = 278 


Figure 3-23. Region 5: Watershed Classifications. 



., Table 3-23. Region 5: Evaluation Results for Sampling Stationsand River Reaches by State 
> 
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lhble 3-24. Region 5: Watersheds Containing Areas of Probable Concern for Sediment Contamination 
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Qbie 3-25. Region 5: Water Bodies With Sampling Stations Classifled as Tier 1 Located in Watersheds 
Containing APCs 





EPA Region 6 
Arkansas, Louisiana. New Mexico, Oklahoma, Texas 

EPA evaluated 1,616 sampling stations in Region 6 
as part of the NSI evaluation. Sediment contamination 
where. associated adverse effects to aquatic life are prob-
able (Tier 1) was found at 222 of these sampling sta- 
tions, and possible but infrequent r ~ e r  2) at 852 of these 
sampling stations. For human health. data for 189 sam- 
pling stations indicatedprobable association with adverse 
effects (Tier I), and 421 sampling stations indicated pos- 
sible but infrequent adverse effects (Tier 2). Overall, 
this evaluation resulted in the classification of 382 sam- 
pling stations (24 percent) as lier 1.837 (52 percent) as 
Tier 2, and 397 (24 percent) as Tier 3. The NSI sam- 
pling stations in Region 6 were located in 799 separate 
river reaches, or 11 percent of all reaches in the Region. 
Three percent of all river reaches in Region 6 included 
at least one Tier 1 station, 5 percent included at least one 
Tier 2 station but no Tier 1 stations, and 3 percent had 
only lier 3 stations (Figure 3-25). Table 3-27 (on the 
following page) presents a summary of sampling station 
classification and evaluation of river reaches for each 
state and for the Region as a whole. 

This evaluation identified 8 watersheds containing 
areas of probable concern for sediment contamination 

(APCs) out of the 403 watersheds (2 percent) in Region 
6 (Figure 3-26). In addition, 36 percent of all water- 
sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not identified as containing APCs, 21 
percent had at least one Tier 2 station but no lier 1 sta- 
tions, and 10 percent had only lier 3 stations. Thiiy- 
one percent of the watersheds in Region 6 did not include 
a sampling station. The locations of the watersheds con- 
taining APCs and the lier 1 and Tier 2 sampling stations 
in Region 6 are illustrated in Figure 3-27. 

Within the 8 watersheds in Region 6 identified as 
containing APCs (Table 3-28), 17 water bodies have at 
least 1 lier 1 sampling station; 4 water bodies have 10 or 
more Tier 1 sampling stations (Table 3-29). The 
Calcasieu River and Mississippi River in Louisiana ap- 
pear to have some of the most significant sediment con- 
tamination in Region 6. The water bodies listed on Table 
3-29 are not inclusive of all locations containing a Tier 1 
sampling station because only water bodies within wa- 
tersheds containing APCs are listed. 

Thechemicals most often associated with lier 1or Tier 
2 sampling station classifications in Region 6 overall and 
in each state in Region 6 arepresented in Table 3-30. 
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Figure 3-25. 	 Region 6: percent of River Reaches Figure 3-26. Region 6: Watershed Classifications. 
That Include Tier 1,Tier 2, and 
Tier 3 Sampling Stations. 
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' Table 3-27. Region 6: Evaluation Results for SamplingStationsand River Reaches by State 
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Table 3-28. Region 6: Watersheds Containing Areas of Probable Concern for Sediment Contamination 
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Table 3-29. Region 6: Water Bodies With Sampling Stations Classified as Tier 1 Located in Watersheds 
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Table 3-30. Region 6: Chemicnls Most Often Assminted With Tier 1 or Tier 2 Sampling Station 
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EPA Region 7 
Iowa, Kansas, Missouri, Nebraska 

EPA evaluated 1.011 sampling stations in Region 7 as 
paa of theNSI evaluation. Sediment contamination where 
associated advmse efFects to aquatic life are probable Vier 
1) was found at 32 of these sampling stations, and possible 
but i-uent (lier 2) at 242 of these sampling stations. 
For human health, data for 299 sampling stations indicated 
probable association with adverse effects (Tier 1). and 230 
sampliing stations indicated possible but infrequent adverse 
effects (T~er 2). Overall, this evaluation resulted in the clas- 
sification of 330 sampling stations (33 percent) as Tier I, 
393 (39 percent) as 'Iier 2, and 288 (28 percent) as Tier 3. 
The NSI sampling stations in Region 7 were located in 516 
separate river m h e s ,  or 11 percent of all =aches in the 
Region. Five percent of all river reaches in Region 7 in-
cluded at least one Tier 1 station, 4percent included at least 
one Tier 2 station but no Tier 1 stations, and 2 percent had 
only T~er 3 stations (Figure 3-28). Table 3-31 (on the fol- 
lowing page) presents a summary of sampling station clas- 
sification and evaluation of river reaches for each state and 
for the Region as a whole. 

This evaluation identified 5 watersheds containing 
areas of probable concern for sediment contamination 

No DataGF 
Total number of river reaches = 4,857 

Figure 3-28. Region 7: Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

(APCs) out of the 239 watersheds (2 percent) in Region 
7 (Figure 3-29). In addition. 49 percent of all water- 
sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not identified as containing APCs, 16 
percent had at least one Tier 2 station but no 'Iier 1 sta- 
tions, and 5 percent had only Tier 3 stations. lkenty- 
eight percent of the watersheds in Region 7 did not 
include a sampling station. The locations of the water- 
sheds containing APCs and the Tier 1 and Tier 2 sam- 
pling stations in Region 7 are illustrated in Figure 3-30. 

Within the 5 watersheds in Region 7 identified as 
containing APCs (Table 3-32), 12 water bodies have at 
least 1 Tier 1 sampling station; 1 water body has 10 or 
more Tier 1 sampling stations (Table 3-33). The water 
bodies listed on Table 3-33 are not inclusive of all loca- 
tions containing a Tier l sampling station because only 
water bodies within watersheds containing APCs are 
listed. 

The chemicals most often associated with Tier 1 or 
Tier 2 sampling station classifications in Region 7 over-
all and in each state in Region 7 are presented in 
Table 3-34. 

At Least One Tier 1 Station 
48% 

5% 

Total number of watersheds = 239 

Figure 3-29. Region 7: Watershed Classifications. 



Table 3-31. Region 7: Evaluation Results for Sampling Stationsand River Reaches by State 
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Table 3-32. Region 7: Watersheds Containing Areas of Probable Concern for Sediment Contamination 

Table 3-33. Region 7: Water Bodies With Sampling Stations Classified as Tier 1 Located in Watersheds 
containing APCs 

# olTier1 Xol l l er l  
WsterBody StPUonr Water Body Stntiolre 

M6sus~piRiver 17 h r k  Crcek 1 

Kansas Rivcr 7 Joach Creck 1 

S p f ~ gRiver 5 Kill C d  I 

C m r  Crcek 3 Stranger Cntk 1 

Cedar Creek 2 lkkey Creek I 

Cow Creek I W b a Rivw 1 



lhble 3-34. Region 7: Chemicals Most Often Associated With Tier 1 or Tier 2 Sampling Station 
Classifications' 

Y Tier 1 Y Tler 1 
&Tie r2  $Tier1  #T ie r2  & Tier 2 # Tler 1 # Tler 2 

C h e m l d  Statlow Station Station Chemical SL.tions Station Station 

Region 7 Dieldrin 336 2 334 Kansas Arsenic 52 -- 52 
Overdl Chlordane 329 .. 329 Nickel 49 -- 49 

Polychlorinatcdbiphenyls 305 291 I4 Cadmium 36 -- 36 

Arscnic 171 -- 171 Lead 34 -- 34 
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Nickel I21 -- 121 Zinc 23 -- 23 

Cadmium 115 -- 115 Copper 20 - 20 

Lead 84 -- 84 Missouri Chlordane 119 -- 119 

Copper 74 -- 74 Polychlorinated biphenyls 116 102 14 

Chromium 50 5 45 Dieldrin 76 -- 76 

Dioxins 44 42 2 Heptachior epoxide 53 -- 53 

Zinc 43 -- 43 Arsenic 43 -- 43 

Bis(2-ethylhexyl)phthaIat 37 9 28 Cadmium 36 -- 36 

DDT 33 -- 33 Lead 33 -- 33 

Aldrin 31 -- 31 Dioxins 31 29 2 

Iowa Dieldrin 126 2 124 Nickel 29 -- 29 
Chlordane 91 -- 91 Copper 27 -- 27-
Polychlorinated biphenyls 71 71 -- Nebraska Dieldrin 	 72 -- 72 

Heptachlor eponidc 54 -- 54 Chlordane 	 52 -- 52 

Arsenic 	 34 -- 34 Polychlorinated biphenyls 50 50 .. 
Copper 	 17 -- 17 Arsenic 42 -- 42 

Cadmium 	 14 -- 14 Cadmium 29 -- . 29 
Nickel 	 14 - 14 Nickel 29 - 29 
DDT 	 I2 - 12 Chromium 17 2 I5 

Lead 	 10 -- 10 Aldrin 13 -- I3 
Kansas 	 Polychlo~atcd biphenyls 68 68 -. Heptachlor epoxide 12 -- 12 

Chlordane 67 -- 67 Bis(2cthylhexyl)phthat 10 4 6 

Dieldrin 62 .- 62 -
lSuUons may b lined fa mac than one c h o d u l .  



EPA Region 8 
Colorado, Montana, North Dakota, South Dakota, Utah, 
Wyoming 

EPA evaluated 535 sampling stations in Region 8as 
part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life are prob-
able (Tier 1) was found at 39 of these sampling stations, 
and possible but infrequent (Tier 2) at 325 of these sam- 
pling stations. For human health, data for 29 sampling 
stations indicated probable association with adverse ef- 
fects (Tier I), and 19 sampling stations indicated pos- 
sible but infrequent adverse effects (Tier 2). Overall, 
this evaluation resulted in the classification of 68 sam- 
pling stations (13 percent) as Tier 1,327 (61 percent) as 
Tier 2, and 140 (26 percent) as Tier 3. The NSI sam- 
pling stations in Region 8 were located in 305 separate 
river reaches, or 2 percent of all reaches in the Region. 
Less than 1 percent of all river reaches evaluated in Re- 
gion 8 included at least one Tier 1 station, 1 percent in- 
cluded at least one Tier 2 station but no Tier 1 stations, 
and less than 1 percent had only Tier 3 stations (Figure 
3-31). Table 3-35 (on the following page) presents a 
summary of sampling station classification and evalua- 

No Data 
98% 

-Station and Zero 
Tier 1 Stations 

1% 
All Tier 3 
Stations 

Total number of rtver reaches = 13,492 

Figure 3-31. Region 8: Percent of River Reaches 
That Include Tier 1,Tier 2,and Tier 3 
Sampling Stations. 

tion of river reaches for each state and for the Region as 
a whole. 

None of the 385 watersheds in Region 8 were iden- 
tified as watersheds containing areas of probable con- 
cern for sediment contamination. Fourteen percent of 
all watersheds in the Region had at least one Tier 1 sam- 
pling station, 12 percent had at least one Tier 2 station 
but no Tier 1 stations, and 9 percent had only Tier 3 sta- 
tions (Figure 3-32). Sixty-five percent of the watersheds 
in Region 8 did not include a sampling station. The lo- 
cations of the n e r  1 and Tier 2 sampling stations in Re- 
gion 8 are illustrated in Figure 3-33. 

Lack of multiple sampling site data did not allow 
identification of any watersheds in Region 8 as contain- 
ing APCs. Therefore, specific water bodies with Tier 1 
sampling stations are not listed in a separate table, as for 
other Regional summaries. 

The chemicals most often associated with Tier 1 or 
Tier 2 sampling station classifications in Region 8 over- 
all and in each state in Region 8 are presented in 
Table 3-36. 
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Figure 3-32. Region 8: Watershed Classifications. 



Table 3-35. Region 8: Evaluation Resultsof NSI SamplingStationsand River Reaches by State 
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EPA Region 9 
Arizona, California, Hawaii, Nevada 

EPA evaluated 1,699 sampling stations in Region 9 
as part of the NSI evaluation. Sediment contamination 
where associated adverse effects to aquatic life areprob-
able 1) was found at 433 of these sampling sta- 
tions, and possible but infrequent (Tier 2) at 894 of these 
sampling stations. For human health, data for 40 sam-
pling stations indicated probable association with adverse 
effects (Tier I), and 765 sampling stations indicated pos- 
sible but infrequent adverse effects (lief 2). Overall, 
this evaluation resulted in the classification of 468 sam- 
pling stations (28 percent) as lier 1,942 (55 percent) as 
Tier 2, and 289 (17 percent) as Tier 3. The NSI sam- 
pling stations in Region 9 were located in 254 separate 
river reaches, or 6 percent of all reaches in the Region. 
Three percent of all river reaches in Region 9 included 
at least one Tier 1station, 2 percent included at least one 
Tier 2 station but no Tier 1 stations, and 1 percent bad 
only Tier 3 stations (Figure 3-34). Table 3-37 (on the 
following page) presents a summary of sampling station 
classification and evaluation of river reaches for each 
state and for the Region as a whole. 

This evaluation identified 10 watersheds containing 
areas of probable concern for sediment contamination 

No Data 

At Least 1 Tier One 

Station 


3% 

At Least One Tier 2 
-Station and Zem \ Tier lSlaUons 

2%All Tier 3 
Stations0Total number of river reaches = 4,6011% 

Figure 3-34. 	 Region 9: Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

(APCs) out of the 279 watersheds (4 percent) in Region 
9 (Figure 3-35). In addition, 22 percent of all water- 
sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not classified as containing APCs, 10 
percent had at least one Tier 2 station but no lier 1 sta- 
tions, and 5 percent bad only Tier 3 stations. Fifty-nine 
percent of the watersheds in Region 9 did not include a 
sampling station. The locations of the watersheds con- 
taining APCs and the Tier 1 and Tier 2 sampling stations 
in Region 9 are illustrated in Figure 3-36. 

Within the 10 watersheds in Region 9 identified as 
containing APCs (Table 3-38), 19 water bodies have at 
least 1 Tier 1 sampling station; 7 water bodies have 10 or 
more Tier 1 sampling stations (Table 3-39). San Diego 
Bay, San'Francisco Bay, and offshore areas around San 
Diego and Los Angeles appear to have the most signifi- 
cant sediment contamination in Region 9. The water bod- 
ies listed on Table 3-39 are not inclusive of all locations 
containing a Tier 1 sampling station because only water 
bodies within watersheds containing APCs are listed. 

The chemicals most often associated with Tier 1 or 
Tier 2 sampling station classifications in Region 9 over-
all and in each state in Region 9 are presented in 
Table 3-40. 

At Least One Tier 2 Station 

end Zem Tier 1 Stations 


All Tier 3 Stati 
5% 

Total number of watersheds = 279 

Figure 3-35. Region 9: Watershed Classifications. 







Table 3-38. Region 9: Watersheds Containing Areas of Probable Concern for Sediment Contamination 

StaUors InTier 1 
Unit Numbrr orTkrZ 

18070201 Seal Beach CA 


18070304 SanDkgo CA 


18070204 IN e m R  Bay 


18050004 SanFrarckw Bay C A 


18050003 lCowtD I CA 


18070107 SanPedm C h l  lsWs CA 


18030012 I*-~uma vsta ~akcs I CA 


Table 3-39. Region 9: Water Bodies With Sampling Stations Classified as Tier 1 Located in Watersheds 
Containing APCs 



Table 3-40. Region 9: Chemicals Most Often Associated with Tier 1or Tier 2 Sampling Station 
Classilcations' 

# Tlt r  1 
&Tie r2  #T ie r1  # T l e r 2  B T l e r 2  #Tier1  # T k r 2  

Chemical stat lo^ Statlon Statlon Chmlcal  Stations Station Station 

Region 9 Copper 678 -. 

Arsenic 

Nickel Mercury 

Cadmium Bis(2-ethylhexy1)phthalat 

Polychlorinated biphenyls 

Mercury Chromium 

Lead Nickel 

Bis(2cthylhexyl)phthalat 

Chromium Mercury 

Zinc Arsenic 

Silver 

BHC 

Bcnzo(a)pyrene 158 6 152 DDT 10 2 8 

Dieldrin I25 -- 125 Chromium 10 I 9 

Arizona Copper 72 - 72 Polychlorinatedbiphenyls 8 3 5 
Arsenic 55 8 47 Cadmium 8 .. 8 

Nickel 50 -- 
, 50 Nevada Mercury 29 15 14 

Lead 37 -- 37 Arsenic 27 -- 27 
Zinc 28 -- 28 Copper 14 -- 14 
Bis(2cthylhexyl)phUIalat 26 15 I1 Nickel I1 -- I I 
Cadmium 24 -- 24 Zinc I1 - I1 
DDT 23 9 14 Lead 10 -- 10 

Macury 22 I2 10 Polychlorinated biphenyls 9 4 5 
Silver 15 7 8 Bis(2-ethy1hexyl)phthalat 8 4 4 

California D M  640 168 472 Cadmium 8 .. 8 
Copper 573 -- 573 Chlordane 8 .. 8 

Polychlorinated biphenyls 418 87 331 
*SulionbMY b( lirlcd lamore hen onc ~ h c m i u l .  



EPA Region 10 
Alaska, Idaho, Oregon, Washington 

EPA evaluated 2,878 sampling stations in Region 
10 as part of the NSI evaluation. Sediment contamina- 
tion where associated adverse effects to aquatic life are 
probable (Tier 1) was found at 623 of these sampling 
stations, and possible but infrequent (Tier 2) at 1,658 of 
these sampling stations. For human health, data for 112 
sampling stations indicated probable association with ad- 
verse effects (Tier I), and 1,285 sampling stations indi- 
cated possible but infrequent adverse effects (Tier 2). 
Overall, this evaluation resulted in the classification of 
727 sampling stations (25 percent) in Region 10 as Tier 
1, 1,696 (59 percent) as Tier 2, and 455 (16 percent) as 
Tier 3. The NSI sampling stations in Region 10 were 
located in 393 separate river reaches, or 4 percent of all 
reaches in the Region. One percent of all river reaches 
in Region 10 included at least one Tier 1 station, 2 per- 
cent included at least one Tier 2 station but no Tier 1 
stations, and 1 percent had only Tier 3 stations (Figure 
3-37). Table 3-41 (on the following page) presents a 
summary of sampling station classification and evalua- 
tion of river reaches for each state and for the Region as 
a whole. 

No Data 

-Station end Zero 
Tier 1 Stations 

Total number of r ~ e r  reaches = 10,178 

Figure 3-37. Region 10: Percent of River Reaches 
That Include Tier 1,Tier 2, and Tier 3 
Sampling Stations. 

This evaluation identified 7 watersheds containing 
areas of probable concern for sediment contamination 
(APCs) out of the 219 watersheds (3 percent) in Region 
10 (Figure 3-38). In addition. 28 percent of all water- 
sheds in the Region had at least one Tier 1 sampling sta- 
tion but were not categorized as containing APCs, 14 
percent had at least one Tier 2 station but no Tier 1sta-
tions, and 6 percent had only lier 3 stations. Forty-nine 
percent of the watersheds in Region 10 did not include a 
sampling station. The locations of the watersheds con- 
taining APCs and the Tier 1 and Tier 2 sampling stations 
in Region 10 are illustrated in Figure 3-39. 

Within the 7 watersheds in Region 10 identified as 
containing APCs (Table 3-42), 34 water bodies have at 
least I Tier 1 sampling station; 8water bodies have 10 or 
moreTier 1 sampling stations (Table 3-43). Puget Sound 
appears to have the most significant sediment contami- 
nation in Region 10. The water bodies listed on Table 3-
43 are not inclusive of all locations containing a l3er 1 
sampling station because only water bodies within wa- 
tersheds containing APCs are listed. 

The chemicals most often associated with Tier 1 or 
Tier 2 sampling station classifications in Region 10 over- 
all and in each state in Region 10 are presented in 
Table 3-44. 

At Least One At Least One 
Tier 2 Station and 

Zero Tler 1 W o  
14% 

All Tmr 3 Stations 

6% 


No Data 

49% 


Total number of watersheds = 210 


Figure 3-38. Region 10: Watershed Classifications. 



Table 3-41. Region 10: Evaluation Results for NSI Sampling Stations and River Reaches by State 

Stale 

X k r l  

N a  96 

S t . h  E v a b a h  

Xkr2  

N a  % 

Xkr3  

No. % 

N e r d  
Shtbm 
No( 

Idcmlitkd 
bymRFI 

Reach. 

River R e d  Evahdmf 

- l l - - T -
R c r h r  

&t 
k . s t  1 

S t a h h  
lk r l  

ABsLa 21 8 191 71 55 21 267 

Idaho 43 45 36 38 16 17 3( 

ongon 81 28 158 54 52 18 z 45 43 25 113 4,203 3 2 

Washhgmn 

REGION ID 

582 

727 

26 

25 

1,311 

1.6% 

59 

59 

332 

455 

15 

16 

228 

497 

75 

147 

115 

174 

40 

72 

230 

393 

2924 

10,178 

8 

4 

6 
2 

3 

River -hn b a d  on EPA River R u c b  File I (RFI). 
5utions mi d e ~ l i r i dby an RFI nrchwm l W in cmtnl oroprn wan m. 
'No slations in Uleas rrus included in Tier 1. 
.Because some reache occur in matUmme state,tktarl n m b a  of mrushcs in ushmgny faUr Re* mighlmequal #herum of ruches in ihc s u e .  





lsble 3-42. Region 10: Watersheds Containing Areas of Probable Concern for Sediment Contamination 

I 	 Number of Samphg Rmd 00 
stauom sallplirsr 

~ a t a ~ o g h g  ~tatiominTler I 
Unit Number N n m  State(sY me'1 1 ner2 I mr3 orTter2 

17110019 PuguSolnd 	 WA 418 851 114 92 

17030003 lawY a h  W A  23 19 5 89 

17090012 lawer WBaneUe OR 21 51 4 95 

171100l4 FUyalhp W A  12 6 1 95 

17010303 CceurWAlenc Lake LD, W A) 10 13 0 100 -
.Nodal. were availablefanuu IhI1ed m pumthcar8 

Table 3-43. 	 Region 10: Water Bodies With Sampling Stations Classified as Tier 1 Located in Areas of 
~ i b a b l eConcern for Sediment ~o"ta&nation 

cnek 

Chders Cnek 2 IWolflodge Cnek 1 

~ o h ~ ~ o n  	 I 3 I~ h l e&a ~ n e k  I I 



-- 

-- 

-- 

-- 

-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

-- 
-- 
-- 

-- 

Table 344. Region 10: Chemfcals Most Often Associated with Tier 1or Tier 2 Sampling Station 

Region 10 
Over'' 

Alaska 

Idaho 

classincatiom* 

Chemlml 


Copper 


Nickel 


Arsenic 


Lead 


Benro(a)pyrenc 


Qrene 


M ~ v 
Cadmium 

Polychlorinated biphenyls 

Dibcnzo(a,h)anthraoene 

Chrysene 

Benzda)anlhracene 

Naphlhalene 

Fluorcne 

, Chromium 

Chromium 

Arsenic 

Copper 

Nickel 

Cadmium 

Naphthalene 

Polychlorinalcd biphenyls 

Zinc 

Phenanthnne 

Rvorcne 

Arsenic 

Polychlorinated biphenyls 

h a d  

X Tler 1 
& T k r 2  
Ststions 

1.518 

1.409 
1,231 

881 

803 

770 

7M) 

754 

710 

709 

704 

669 

589 

547 

546 

135 

89 

50 

41 

35 

31 

29 

29 

26 

22 

39 

32 

32 

#Tier1 
Station 

.. 
55 

103 

I60 

133 

289 

245 

86 

107 

104 

77 

17 

I2 

-
-

2 

2 

13 

28 
-

#Tier2 
Station 

1.518 

1.176 

881 

700 

610 

627 

754 

421 

464 

618 

562 

485 

470 

529 

123 

89 

50 

41 

35 

29 

27 

29 

26 

22 

26 

4 

32 

Idaho 
(mnlinucd) 

Oregon 

Washington 

Chemical 

Cadmium 

copper 
Zinc 

DDT 

Dieldrin 

Toxaphene 

Silver 

Copper 

Nickel 

Arsenic 

Polychlorinated biphenyls 

DDT 

Zinc 

M ~ w 
Cadmium 

Chromium 

Lead 

Copper 
Nickel 

Arsenic 

Lead 

Benzda)pyrene 

W n e  
Mercury 

Chryscne 

Dibenzo(a,h)anUlraecnc 

Bcnzo(a)anthraoene 

X Tler 1 
BTIer2 
Stations 

29 

28 

28 

25 

21 

14 

I1 

125 

107 

86 

84 

73 

59 

53 

51 

46 

44 

1.315 

1.256 

1,017 

788 

754 

735 

683 

682 

681 

646 

#Tier1 
Statlon 

.. 
8 

I 

46 

19 

7 

3 

41 

101 

156 

I21 

83 

240 

I04 

#Tier2 
Station 

29 

28 

28 

25 

21 

14 

3 

125 

107 

85 

38 

54 

59 

46 

51 

43 

44 

1.315 

1.256 

976 

788 

653 

579 

562 

599 

441 

542 

.Sf.tiO. may blined la morr ma0 onr Chemu1. 



Potentially Highly Contaminated 
Sites Not Identified by the NSI 
Evaluation 

Several Regions and states provided comments on 
the May 16. 1994, preliminary evaluation of sediment 
chemistry data contained in the NSI. They identified 
receiving streams that should have been but were not 
identified as locations of potential adverse effects, based 

on the NSI data evaluation. The specific water bodies 
that reviewers of the preliminary evaluation identified 
as potentially contaminated, but which are not presently 
included in the NSI because data are inadequate to cat- 
egorize sampling stations asner  1,arepresented in Table 
3-45 and Figure 3-40. If a water body had previously 
been identified as having at least one lief 1 sampling 
station using the NSI evaluation methodology, it was not 
included in Table 3-45 or Figure 3-40. 

Table 3-45. Potentially Highly Contaminated Sites Not Identified in the NSI Evaluation 





Chapter 4 

Pollutant Sources 


Toxic chemicals that accumulate in sediment and 
are associated with contamination problems 
enter the environment From a variety of sources. 

Thesesources canbe broadly differentiatedas point sources 
and nonpoint sources. The tam"poiit source" is defined 
in the Clean Water Act (CWA) and generally refers to any 
specific conveyance, such as a pipe or ditch, from which 
pollutants are discharged. In contrast, nonpoint sources 
do not have a single point of origin and generally include 
diffuse sources, such as urban areas or agricultural fields, 
that tend to deliver pollutants to surface water during and 
after rainfall events. Some sources, such as landfdls and 
mining sites, aredifficult to categorize as either a point or 
nonpoint source. Although these land areas represent dis- 
crete sources, pollution from such areas tends to result from 
rainfall runoff and leaching. Likewise, atmospheric depo- 
sition of pollutants, generally considered to be a nonpoint 
sourceof waterpollution, arises From the emission of chemi- 
cals from discrete stationary and mobile source points of 
origin. The CWA specifies water vessels and other float- 
ing craft as point sources although, taken as a whole, they 
function as a diffuse source. 

Many point and nonpoint pollutant sources have 
been the subject of federal and other action over the past 
25 years. The direct discharge of pollutants to water- 
ways from municipal sewage treatment and industrial 
facilities requires a permit under the CWA. Many states 
have been authorized to issue permits in lieu of EPA. 
These permits contain technology-based and water qual- 
ity-based pollutant discharge limits and monitoring re- 
quirements. More recently, replacement of aging 
combined sewer systems and other storm water control 
measures has addressed the discharge of pollutants from 
urban areas through municipal facilities. The disposal 
of sediment dredged to maintain navigation channels is 
managed under both the CWA and the Marine Protec- 
tion, Research, and Sanctuaries Act (MPRSA) to ensure 
that unacceptable degradation from chemical pollutants 
in the dredged material does not occur at the disposal 
location. Emission standards and controls on station- 
ary and mobile sources of air pollutants have also been 
established in federal regulations promulgated under the 
authority of the Clean Air Act (CAA). These actions 
have reduced emissions of gaseous compounds such as 
inorganic oxides, as well as pollutants that eventually 

enter water bodies and accumulate in sediment. The 
Toxic Substances Control Act (TSCA) and Federal In- 
secticide, Fungicide, and Rodenticide Act (FIERA) have 
greatly reduced the toxic pollutant input to the environ- 
ment through bans and use restrictions on many pesti- 
cides and industrial-use chemicals. 

Federal, state, and local laws have also addressed 
land-based pollutant sources. Under the Resource Con- 
servation and Recovery Act (RCRA), the transport, stor- 
age, and disposal of pollutants in landfills and other 
repositories of hazardous waste are tracked and con- 
trolled. At sites where past disposal practices, either 
purposeful or accidental, have resulted in severe con- 
tamination, remediation has been undeaaken under the 
federal Superfund laws. Where applicable, land devel- 
opment projects may be subject to an assessment of the 
environmental impact conducted under National Envi- 
ronmental Policy Act (NEPA) authority. Under the au- 
thority of the Coastal Zone Management Act (CZMA), 
EPA has developed nonregulatory management measures 
to reduce pollutant delivery via nonpoint sources, such 
as runoff from urban and agricultural areas. 

The combined impact of these actions has yielded 
improvements in water quality. In at least some docu- 
mented cases, pollutant levels in sediment are also de- 
creasing. (For example, see the discussion of the Palos 
Verdes case study presented in Chapter 5.) However, 
improvement in sediment quality might lag behind im- 
provement in overlying water because of the persistent 
nature of many pollutants, as well as the storage and 
sink functions of sediment, and because the most toxic 
bioaccumulative pollutants are difficult to monitor and 
regulate. It is beyond the scope of this baseline assess- 
ment to determine the temporal trends of pollutant con- 
centrations in sediment on a national scale. Future 
reports to Congress will address that issue. 

Natural recovery of contaminated sediment can oc- 
cur through source reduction, contaminant degradation, 
and continuing deposition of clean sediment. The fea- 
sibility of natural recovery, as well as the long-term suc- 
cess of remediation projects, depends on the effective 
control of pollutant sources. For some classes of sedi- 
ment contaminants, such as PCBs and organochlorine 



pesticides, use and manufactu~ebans or severe restric-
tions have been in place for many years. Past disposal 
and use of PCBs continue to result in evaporation of 
these contaminants from some landfills and leaching 
from soils, but most active PCB sourceshave been con-
trolled. Thepredominant sourcesof organochlorinepes-
ticides an runoff and atmosphericdeposition from past 
applications on agricultural land, and occasional dis-
charge from municipal treatment facilities. For other 
classes of sediment contaminants, active sources con-
tinue to contribute substantial environmental releases. 
For example, liberation of inorganic mercury from Fuel 
burning and other incineration operations continues, 
as do urban runoff and atmospheric deposition of met-
als and PAHs. In addition, discharge limits for munici-
pal and industrial point sources are based on 
technology-based limits and state-adoptedstandards for 
protection of the water column,not necessarily for down-
stream protection of sediment quality. Determining the 
local and far-field effects of individual point and 
nonpoint sources on sediment quality usually requires 
site-specific study. 

The purposes of this chapter are to: 

Present the extent of sediment contamination 
by chemical class in the 96 watersheds identi-
fied as'areas of probable concern for sediment 
contamination (APCs). 

Identify the major source categories of these 
chemical classes and summarize key studies 
that link these source categories to sediment 
contamination. 

Analyze land use patterns and the extent of 
sediment contamination by chemical class in 
the 96 APCs. 

Briefly describe current EPA efforts to further 
characterizepoint and nonpoint sourcesof sedi-
ment contaminants. 

Extent of Sediment Contamination 
by Chemical Class 

The individual chemicals evaluated for this re-
port can be grouped into six chemical classes: met-
als, PCBs, pesticides, mercury, PAHs, and other 
organic chemicals. Pesticides includethe organochlo-
rine pesticide compoundsassessed in this report, such 
as DDT and metabolites, dieldrin, and chlordane. 
PAHs include both low- and high-molecular-weight 
polynuclear aromatic hydrocarbons, and other organ-

ics include all organics not otherwise classified. Mer-
cury is grouped separately from other metals because 
of its unique behavior in the environment (e.g., me-
thylation and bioaccumulation potential) and because 
of recent attention focused on its impact as a primary 
sediment and fish contaminant of concern. 

Figure 4-1 presents, by chemical class, the average 
percent of stations that are contaminated in the 96 APCs. 
For this analysis, the percent contamination is derived by 
taking the number of stations where an individual chemi-
cal constihlent of a paaicular chemical class places a sta-
tion into Tier 1or lier 2 and dividing by the total number 
of stations in the watershed. Each constituent, or any con-
stituent representativeof a chemical class, might not have 
been measured at all stations in the watershed. In addi-
tion, the total number of stations in each watershed varies 
extensively, as does the spatial extent of sampling within 
the watershed. The resulting percent contamination by 
chemical class varies a great deal-from 0percent to 100 
percent for each class-among the watersheds. Figure 4-1 
presents the average value at both lier 1 and combined 
Tier 1 and Tier 2 contamination levels. 

Figure 4-1 indicates that at the Tier 1 level of con-
tamination, PCBs are the dominant chemical class with 
an averageextent of contamination of 29 percent. Among 
Tier 1 stations, all other classes of contaminantsaccount 
for contamination at a lower percent of the stations on 
the average (6 to 10 percent). The relative importance 
of PCBs reflects, in part, the fact that a station can be 
designated Tier 1 for human health effects based on el-
evated fish tissue concentrations alone for this chemical 
class, whereas elevated levels in fish tissue and corre-
sponding elevated levels in sediment are required for 
all other classes. At the combined Tier 1 and Tier 2 
level of contamination, metals are the dominant chemi-
cal class measured by average extent of contamination 
(59 percent), followed by PCBs and pesticides (both at 
43 percent), mercury (29 percent), and PAHs and other 
organics (19 and 14 percent, respectively). The very 
large increase in the relative importance of metals from 
Tier 1 to combined Tier 1 and Tier 2 also reflects the 
evaluation methodology because a divalent transition 
metal concentration cannot place a station into *er 1 
without an accompanying acid-volatile sulfide concen-
tration ([AVS]) measurement, which is typically not 
available. 

Figure 4-1 graphically displays the relative differ-
ences in certainty of assessing the probable effects of 
metals versus assessing the effects of PCBs. More con-
fidence can be placed in the assertion that PCBs exhibit 
"probable association with adverse effects" than in mak-



I 1 evidence of sediment contamina- 
tion. EPA focused this review on 
studies appearing in peer-re- 
viewed journals and government 
reports published after 1980. 
The majority of studies related 
sediment contamination to a 
source through qualitative 
means, including associations of 
land use or specific activity with 
the types of contaminants de- 
tected, and spatial analyses. For 
example, organochlorine pesti- 
cide contamination is associated 

s j with agricultural land use where 
past application practices and hy- 
drologic routes of rainfall runoff 
are known. Some researchers 
made the association with con- 

O~."lCs tamination source by more quan- 
Figure 4-1. Average Pereent Contamination in Watersheds Containing titative means such as loadings 

APCs by Chemical Class. 

ing this assertion for metals. me relatively high per-
cent of PCB al the ~i~~ 1 level reflects 
the relative certainty that elevated P ~ Blevels in fish 
are associated with elevated levels in sediment, me 
relatively low percent of metal at the Tier 
I level primarily reflects the lack of confirming data 
(i,e,, regarding important binding phases and 
bioavailability;not necessarily the lack of significance 
of metal contamination. In fact, the very high percent 
contamination indicated at the combined Tier 1 and Tier 
2 level demonstrates the potential importance of this 
chemical class. It should also be noted, however, that 
correlative screening values such as ERMs do not indi- 
cate causality, rather they are concentrations associated 
with effects. 

. . 

This analysis does not imply that certain chemical 
classes are always dominant, nor that other chemical 
classes can be dismissed altogether. In fact, contamina- 
tion from constituents in any class may be of paramount 
importance in a given watershed or location. The dif- 
ferences in extent of chemical class contamination on 
the average in the 96 APCs is intended to provide some 
perspective to the ensuing sections of this chapter. 

Major Sediment Contaminant 
Source Categories 

To identify the important sources of sediment con- 
taminants, EPA searched the scientific and technical lit- 
erature for studies that link specific pollutant sources to 

measurements, runoff or deposi- 
tion estimates, or mass balance 

models of contaminant inputs. Most research has fo- 
cused on the chemicals or chemical classes listed above. 
The studies reviewed attributed sediment contamination 
from the sixclasses of chemicals to four general nonpoint 

and general point catego-
ries. Table 4-1 summarizes the correlations of source 
category to chemical class documented in literature. 

Table 4-1 does not specifically list some important 
sources that are difficult to categorize as a point or 
nonpoint source. These sources include leachate from 
landfills, direct inputs from recreational and commer- 
cial boating. and disposal of contaminated dredged ma- 
terial. As mentioned at the beginning of this chapter, 
landfills are not easily classified as a point or nonpoint 
source. Eval~oration and subsequent deposition of mod- 
erately volal le contaminants from landfills represent an 
atmospheric source, yet leachate is typically considered 
as neither "urban runoff' nor a controlled point source. 
Nonetheless, leachate from landfills is an important 
documented source of sediment contaminants. For ex- 
ample, landfill leachate and past effluent discharges from 
electronics manufacturers have contaminated New 
Bedford Harbor in Massachusetts with PCBs and heavy 
metals (Garton et al., 1996). Boating and shipping ac- 
tivities can he important sources of a variety of contami- 
nants, including PAHs and antifouling paint additives 
such as tributyl tin and copper. As for dredged material 
disposal, past dredging operations to maintain naviga- 
tion channels could be responsible for contaminated sedi- 
ment at specifically designated dump sites. Dredging 



Table 4-1. Correlations of Sources to Chemical Classes of Sediment and industry-supplied release es- 
Contaminants 

practices are currently managed under federal, state, and 
local authority to ensure that appropriate testing and safe 
disposal occur. In addition to these sources, uncontrol- 
lable and accidental point source releases, such as im-
proper disposal practices and spills, have occurred and 
continue to occur. 

A notable feature of Table 4-1 is the extent to which 
multiple sources can be associated with each chemical 
class. This is the primary factor in making source as- 
sessment and effective source control such difficult tasks. 
The table does not provide any indication of which 
sources are the most significant. The significance of 
any given source depends on the areal extent of the source 
and intensity of the activity in the watershed. Because a 
variety of sources are present (or were present in the 
past) in most watersheds, and the extent and intensity 
of each source vary, the most important source of a par- 
ticular chemical or class of chemical contaminants at a 
given location also varies. In addition, there is typically 
overlap among source categories. The most obvious 
overlap is between atmospheric deposition and urban 
sources. For example, fuel combustion in urban areas 
releases PAHs to the atmosphere, which are subsequently 
deposited in various parts of the watershed or transported 
to other areas. 

Despite these cautions, the results of EPA's litera- 
ture review allow some hroad assertions regarding source 
associations. For harvested croplands, organochlorine 
pesticides are the major contaminants of concern. Inac-
tive and abandoned mine sites contribute mercury and 
other heavy metals to sediment. Atmospheric deposi- 
tion is a primary contributor of mercury, PCBs, and 
PAHs. Urban sources are most closely associated with 
metals and PAHs. Although permit monitoring records 

timates, as well as specific spa- 
tial analysis studies, indicate that 
municipal and industrial dis- 
charges of sediment contaminants 
@articularly metals and other or- 
ganics) continue, the relative con- 
tribution compared to nonpoint 
sources is an open question and 
undoubtedly varies substantiany 
by watershed. A brief summary 
of the literature review for major 
source categories follows. 

At many sites, elevated lev- 
els of pesticides in the Nation's 
sediment can be attributed to past 

agricultural practrces. Crop growers deliberately apply 
pesticides tc protect their yield from insects, fungus, and 
weeds. In the past, organochlorine compounds such as 
DDT and chlordane were used without restriction to rid 
harvested croplands of a hroad range of unwanted spe- 
cies. These compounds tend to he persistent in the en- 
vironment, adsorptive to soil and sediment particles, 
highly hioaccumulative in living tissue, and lethal to 
many non-target organisms. As these effects became 
apparent and regulatory authorities began restricting or 
banning the use of persistent pesticides in the United 
States, chemical manufacturers developed newer orga- 
nophosphate pesticides that might be more easily de- 
gradable and, in some cases, more narrowly targeted to 
specific org;~nisms. In addition, modern pesticides must 
undergo fed ral registration procedures designed to pro- 
tect human health and the environment before they can 
be approved for intended new uses. 

Althou; h the current-use pesticides are applied 
throughout the country in large amounts, they are not 
frequently analyzed in routine sediment monitoring, nor 
are they frequently detected in sediment when included 
in monitoring studies (Pereira et al., 1994). Because of 
the lack of monitoring data, and the absence of avail- 
able levels of concern in sediment, current-use pesti- 
cides were not included in this evaluation of sediment 
quality. However, these compounds exhibit toxicity to 
non-target organisms. Furthermore, although these com- 
pounds have shorter half-lives and greater water solu- 
bility than organochlorines in general, the chemical and 
physical properties of some of these compounds indi- 
cate significant hioconcentration potential (Willis and 
McDowell, 1983). Thus. further assessment of the pres- 
ence of current-use pesticides in fish and sediment is 
warranted. 



The discharge of pollutants from agricultural lands 
to surface water is largely driven by precipitation. Con- 
taminants also reach the aquatic ecosystem via irriga- 
tion return flows through interflow or ground water 
seepage. Most of the literature reviewed identifies agri- 
culture as the source of pesticides in sediment because 
of upstream land use, chemical use, and the nature of 
the chemicals detected in sediments. Contamination of 
sediment associated with major agricultural areas of the 
United States has been reported in numerous studies. 
For example, the San Joaquin River, in the highly agri- 
cultural central valley of California, has bed-sediment 
concentrations of the pesticides DDT and dieldrin among 
the highest of all major rivers in the United States 
(Gilliom and Clifton. 1990). Researchers have also 
found continued elevated levels of highly persistent or- 
ganochlorines in bottom-feeding fish, a condition that 
is often a consequence of sediment contamination. In 
the Yakima River in Washington, which drains a largely 
agricultural region, concentrations of DDT in fish for 
the years 1989-90 were found to be similar to concen- 
trations for the years 1970-76 (USGS, 1993). \ 

Contaminant contributions from past mining activi- 
ties are so significant that several former mining sites 
in the United States have been included on the EPA 
Superfund Program's National Priorities List of sites for 
remediation, including the Clark Fork River Basin in 
Montana, the Bunker Hill Complex in Idaho, White- 
wood Creek and the Belle Fourche River in South Da- 
kota, Tar Creek in Oklahoma, Iron Mountain in 
California, and the Arkansas River and tributaries near 
Leadville, Colorado. The persistence and mobility of 
heavy metals have resulted in concentrations in sedi- 
ments up to 65 miles downstream of discharge similar 
to the elevated concentrations found in the mine tail- 
ings themselves (Henny et al., 1994). Based on infor- 
mation provided by the states, the Bureau of Mines 
estimated that abandoned coal and metal mines and their 
associated wastes adversely affect more than 12,000 miles 
of rivers and streams and more than 180,000 acres of 
lakes and reservoirs (Kleinman, 1989). 

The primary sediment contaminants of concern as- 
sociated with mining are heavy metals such as lead, mer- 
cury, zinc, cadmium, copper, manganese, and silver. 
These metals are primarily associated with historical 
mining of silver, gold, lead, and zinc. A literature re- 
view of studies related to mining pollution provided pub- 
lications describing the effects of mining on water 
quality; however, few researchers havedirectly addressed 
the effects of mining on sediments. A monitoring study 
performed on Idaho's Lake Coeur d'Alene surface sedi- 
ment found that ores and wastes from a mining district 

were the source of elevated sediment concentrations of 
several heavy metals via transport down the Coeur 
d'Alene River (Horowitz et al., 1993). Moore et al. 
(1991) performed an integrated sediment-water-biota 
monitoring study on the effects of acid mine effluent on 
the Blackfoot River in Montana. These researchers found 
elevated levels of heavy metals in sediment from tribu- 
taries with known historical mine effluent input that were 
higher than levels in nonaffected tributaries. In another 
study from the gold mining region of northern Georgia, 
elevated mercury concentrations decreased as distance 
of the sampling sites from the mining district increased 
(Leigh, 1994). The author further suggests that similar 
occurrencea of mercury contamination could exist 
throughout the gold mining region of the Southern Pied- 
mont because of the historical amalgamation processes 
used by gola miners. 

Atmospheric deposition is often identified as a ma- 
jor source of mercury, PCBs, and PAHs to aquatic sys- 
tems. Studies have also implicated atmospheric sources 
as an important contributor of metals. Sources that emit 
large amounts of many toxic chemicals to the atmosphere 
include industrial point sources, fuel combustion in mo- 
tor vehicles, volatilization of compounds from landfills 
and open water, combustion of wood and other fuels to 
produce heat, and waste incineration. In addition, long- 
range atmospheric transport of organochlorine pesticides 
from countr es where their use is still permitted contrib- 
utes these compounds to aquatic environments in this 
country (Keeler et al., 1993). 

Atmospheric sources of mercury include coal com- 
bustion, w.lste incineration, and paint application. 
Sorensen et ;d. (1990) compared mercury levels in sedi- 
ment cores from lakes in northern Minnesota with pre- 
cipitation loadings from monitoring and concluded that, 
on the average, direct wet atmospheric deposition ac- 
counts for 60 percent of the mercury in lake sediment. 
A 1994 EPA report to Congress entitled Deposition of 
Air Pollutants to the Great Waters also describes mass 
balance studies from Wisconsin and Sweden indicating 
that atmospheric deposition is responsible for most of 
the mercury in lakes (USEPA, 1994a). The Swedish 
study also points out that mercury deposited onto forest 
soils is stored, for potentially long periods of time, be- 
fore it enter!, the lake through storm water runoff. This 
further illusrrates the relationship between atmospheric 
deposition aild runoff. 

Sources of PCBs to the atmosphere include munici- 
pal and haz:udous waste landfills, refuse and sewage 
sludge incin~rators, and occasional leakage from elec- 
trical transfwmers and capacitors (Keeler et al., 1993). 



Researchers have developed a mass balance for PCBs in 
Lake Superior that indicates that approximately 77 to 
89 percent of the annual PCB input to the lake is from 
atmospheric deposition (Baker et al., 1993, cited in 
USEPA, 1994a). These researchers have also estimated 
the percent contribution of PCBs from atmospheric depo- 
sition for other Great Lakes, keeping track of the frac- 
tion contributed from atmospheric deposition to upstream 
lakes. For example, about 63 percent of PCB input to 
Lake Huron is from direct atmospheric deposition, an 
additional 15 percent is from atmospheric deposition to 
the upstream Lakes Superior and Michigan, and the re- 
maining 22 percent is from other sources. Lakes Erie 
and Ontario receive only about 13 percent and 7 per- 
cent, respectively, of their annual PCB load from atmo- 
spheric sources. 

Sources of atmospheric PAHs include stationary fuel 
combustion, industrial production facilities, transporta- 
tion, solid waste incineration, and forest and prairie fires. 
Routine installation of catalytic converters in motor ve- 
hicles, as well as other combustion emission controls, 
have decreased PAH releases to the atmosphere. Atmo- 
spheric transport of PAHs generated during fuel com- 
bustion has often been inferred to account for the 
appearance of PAHs in soils and sediments in regions 
distant from known combustion sources, but quantifica- 
tion of this process is scarce in the literature (Prahl et 
al.. 1984). Researchers typically state that the types of 
PAHs detected in sediments at a particular study site are 
indicative of combustion sources, thereby implying that 
atmospheric deposition is probably the primary source 
to the aquatic environment (Helfrich and Armstrong, 
1986: Rice et al.. 1993). In a rare attempt to quantify 
this contribution, Prahl et al. (1984) studied atmospheric 
particulate matter and surface sediment in Washington 
State coastal sediments and estimated that atmospheric 
transport accounted for about 10 percent of the PAHs in 
sediment. However, unlike the examination of PCBs in 
the Great Lakes described above, the authors did not 
account for the atmospheric contribution to upstream 
waterborne inputs. 

Metals are released to the atmosphere from sources 
such as primary and secondary metal production and, in 
the past, use of leaded gasoline. Mass balance studies 
of metal inputs to the aquatic environment have identi- 
fied atmospheric deposition as an important contribu- 
tor, but less significant than riverine and upstream 
sources. As was the case with the PAH mass balance in 
Washington, these studies do not identify the atmospheric 
portion of riverine or upstream sources. In one study, 
estimates of loadings to Narragansett Bay, Rhode Island, 
indicated that atmospheric deposition contributes 2 per- 

cent of copper and zinc and 33 percent of lead in sedi- 
ment (Bricker, 1993). Based on a mass balance study 
on Delaware Bay, direct atmospheric deposition accounts 
for 7 percent of the cadmium loading to the bay; rivers 
(72 percent) and salt marshes (21 percent) account for 
the remaining cadmium input. Some portion of the riv- 
erine input 43riginates from the air (USEPA, 1994a). 

Atmospheric deposition is a significant source of 
dioxins and furans found in sediment. These highly 
persistent compounds are grouped with "other organ- 
ics" in Figure 4-1. Municipal and indusbial waste in- 
cineration and residential and industrial wood 
combustion were both listed as important sources of di- 
oxins and furans to the environment in two recent re- 
views (Voldner and Smith, 1989 and Johnson et al., 1992, 
cited in Keeler et al., 1993). 

The category "urban sources" refers broadly to run- 
off from roadways, residential and commercial areas, 
construction sites, and marinas and shipyards. Accord- 
ing to EPA's National Urban Runoff Program (NURP) 
studies, the principal toxic pollutants found in urban 
runoff are metals, oil and grease, PAHs, and petroleum 
hydrocarbons (USEPA, 1992b). Much of the pollution 
in urban rul~off is associated with atmospheric deposi- 
tion, particu arly for mercury and PAHs. Other classes 
of chemical*, such as metals and petroleum hydrocar- 
bons, have ngny land-based sources. Lead was formerly 
contributed thy car exhaust, but most contributions now 
come from exterior paints and industrial runoff. Cad-
mium is also associated with paints. Zinc is associated 
with weathering and abrasion of galvanized iron and 
steel. Car brake linings and leaching and abrasion of 
copper pipes and brass fittings contribute copper to run- 
off. Chromium is contributed to runoff through car and 
machinery corrosion (Cohn-Lee and Cameron, 1991). 
Sources of petroleum hydrocarbons include disposal of 
automobile and industrial lubricants, spillage from oil 
storage facilities, and leakage from motor vehicles 
(Brown et al., 1985). In addition to agricultural uses, 
organochlorine pesticides were also used extensively in 
urban and residential areas for a variety of pest control 
purposes. 

The association of urban sources and metal enrich- 
ment of sed~ment is well documented in the literature. 
For examph:, a study of storm water detention ponds in 
Florida, Virginia, Maryland, and Minnesota found that 
metal conce~~trations in surface sediments were typically 
5 to 30 times higher than those in the parent soils 
(Schueler, 1994). This study also reported the highest 
metal concentrations in ponds associated with indus- 
trial land use, followed by those gssociated with roads 



and commercial land use, then those associated with resi- 
dential land use. In contrast to atmospheric transport, 
which can c a y  pollutants far f?om their original source, 
runoff of metals tends to affect areas in close proximity 
to the source. For example, Yousef et al. (1985) sampled 
water and sediments in detention ponds in Florida and 
found that metals from highway runoff are retained by 
bottom sediments close to the point of entry to the water- 
way. 

Hydrocarbons, PAHs, and mercury are also fre- 
quently associated with urban sources. Using analyti- 
cal chemistry techniques, Brown et al. (1985) discovered 
that crankcase oil was a primary contributor to sediment 
hydrocarbon contamination in Tampa, Florida. Gas 
chromatograms of used crankcase oil, storm water Nn- 
off, and sediment samples all showed similar peaks, in- 
dicating that the type of petroleum found in sediment 
very closely resembled that found in storm water runoff. 
Sources of PAHs that are concentrated in urban areas 
include emissions from commercial and residential fuel- 
burning furnaces and vehicular emissions. An inven- 
tory of sediment contamination in Casco Bay. Maine. 
showed that the highest PAH concentrations occurred at 
locations closest to the city of Portland (Kennicutt et al., 
1994). Mastran et al. (1994) found that sediments from 
urban areas tend to have lower fluoranthenelpyrene ra- 
tios than those from remote areas. These ratios are in- 
dicative of pollution caused by gas exhaust residues in 
urban runoff. A study of ambient air in the southern 
Lake Michigan basin revealed that concentrations of 
mercury, both gaseous and particulate, are significantly 
higher (approximately 5 times higher) in the Chicago 
urbanlindustrial area than levels measured at the same 
time in surrounding areas (Keeler, 1994, as reported in 
USEPA, 1994a). 

In addition to the nonpoint source categories dis- 
cussed above, municipal and industrial point sources 
have been associated with sediment contaminated by 
each of the chemical classes examined in this report. 
Much of this contamination has been caused by past in- 
dustrial and municipal discharges. For example, sedi- 
ment core samples from southwestern Long Island. New 
York, revealed levels of metals that increased to several 
times the preindustrial concentrations, then decreased 
approximately 50 percent between the mid-1960s and 
late 1980s. PCBs, chlordane, and other chlorinated or- 
ganics in sediment also decreased between the late 1960s 
and the late 1980s. Local improvements in wastewater 
treatment and national efforts to restrict the use of spe- 
cific chemicals are cited as explanations for the declines 
(Bopp et al., 1993). As previously mentioned, past ef- 

fluent discharges from electronics manufacturers are 
linked to PCB contamination in New Bedford Harbor, 
Massachuselts (Garton et al., 1996; Lake et al., 1992). 
Perhaps the best example of pesticide contamination in 
sediment from past industrial activity is kepone in the 
James River Virginia. Kepone escaped undetected from 
a manufacturing site for over 9 years and contaminated 
miles of the James (Nichols, 1990). 

A well-documented case of the effects of point 
sources on sediment quality is the Newark Bay estuary 
in New Jersey, which encompasses the Passaic River, 
Hackensack River, Kill van Kull, and Arthur Kill. 
Wenning et al. (1994) examined sediment core samples 
from the lower Passaic River in New Jersey and con- 
cluded that the sediment is heavily contaminated with 
PCBs, PAHs, and metals from recent and historical mu- 
nicipal and industrial discharges from local and upstream 
sources. The authors identify industrial effluent, either 
directly discharged or released through combined sewer 
overflows, as the most likely primary source. Research-
ers have alra measured high levels of dioxin in sedi- 
ment in the estuary adjacent to an industrial site in 
Newark where chlorinated phenols had been produced 
(Bopp et al., 1991). In a recent study, researchers deter- 
mined that the magnitude of current loading estimates 
for metals and organics from major sources, such as in- 
dustrial and municipal discharges and combined sewer 
overflows, likely exceeds the capacity of the NewarkBay 
estuary to absorb and dilute the various waste streams 
(Crawford et al., 1995). 

EPA has conducted an inventory and analysis of 
point source releases of sediment contaminants in the 
United States. This inventory includes examination of 
data from effluent monitoring required by discharge per- 
mits and chemical release estimates provided by indus- 
try under the community right-to-know provision of the 
Superfund Amendments and Reauthorization Act of 
1986 (SARA). Permit monitoring data indicate that mu- 
nicipal sewage treatment plants and major industrial fa- 
cilities discharge all chemical classes of sediment 
contaminant.;. Metals are monitored at the greatest num- 
ber of facil~ties and released in the largest amounts. 
Mercury, PAHs, and other organics are also released from 
many facilit~es. PCBs and pesticides are less frequently 
monitored, and a relatively small number of records in- 
dicate positive detections. Industry-supplied release es- 
timates provided under SARA indicate that 
manufacturing facilities transfer the majority of their 
sediment contaminants, primarily metals and other or- 
ganics, to municipal sewage treatment plants. The analy- 
sis of these data addresses the potential to adversley affect 



sediment quality, but does not indicate whether these 
discharges actively contribute to documented cases of 
sediment contamination. 

Land Use Patterns and Sediment 
Contamination 

The characteristics of local sediment contamination 
are usually related to the types of land use activities that 
take place or have taken place within the area that drains 
into the water body (the watershed). The previous sec- 
tion of this chapter provided numerous examples of these 
relationships from published studies. For this report, 
EPA examined the relationship between the extent of 
sediment contamination by chemical class and patterns 
of land use in the 96 APCs. EPA identified individual 
watersheds where land use appears to provide impor- 
tant information concerning the types of contaminants 
present, and summarized general trends that emerge by 
looking at the percent of urban and agricultural land 
areas in watersheds. 

This analysis was based on a comparison of the ex- 
tent of contamination by chemical class (described ear- 
lier in this chapter) within each watershed to the percent 
of land area developed for certain uses within the water- 
shed. EPA used the Agency's modeling tool, Better As- 
sessment Science Integrating Point and Nonpoint 
Sources (BASINS), for spatial analysis to quickly ob- 
tain land use data originally compiled by the U.S. Geo- 
logical Survey (USGS) on a watershed basis. Although 
these land use data might be as much as 20 years old, 
the data compiled for the NSI have also been collected 
over the past IS years. The original land use data are 
divided into 10 categories. EPA combined residential, 
commerciallindustrial, and other urban land uses in the 
"total urban" land use category for this analysis. EPA 
also combined cropland and other agricultural land1 
rangeland in a "total agricultural" land use category. 
This allowed comparison of attributes such as the per- 
cent of stations with pesticide contamination and the 
percent total agricultural land use. 

Several difficulties are associated with this approach 
to comparing land use to the evaluation of NSI sam- 
pling stations. First, the frequency and spatial extent of 
sampling data in the NSI vary by watershed. Second, 
the acreage of a land use activity is not indicative of the 
intensity of that use. For example, a small amount of 
land in a watershed might be devoted to an industrial 
activity that contributes a large amount of pollution. 
Most watersheds contain at least a small fraction of each 

land use activity. There are also problems of scale. 
Localized problems in specific reaches might be caused 
by land use r~ctivity in the immediate vicinity of the reach 
rather than the overall land use in the watershed. Lastly, 
many individual pollutants and chemical classes are as-
sociated with multiple types of sources. Some classes of 
pollutants, like the highly persistent PCBs, have been 
cycled in the environment for many years and trans- 
ported far from their original source. These chemicals 
would not be expected to be associated with any general 
land use category. 

Table 4-2 lists each of the 96 APCs with the num- 
ber of Tier 1 and Tier 2 stations by chemical class and 
the percent land use information. In general, EPA found 
that a diversified set of land uses yields a diversified set 
of pollutants. However, in some cases a preponderance 
of one land use type is associated with expected chemi- 
cal classes of sediment contaminants. For example, the 
Lower Yaki~na watershed in Washington, an intensive 
fruit and vegetable growing region, is approximately 
81 percent i~gricultural and only 2 percent urban. In 
this watershed, nearly 90 percent of the sampling sta- 
tions were c$~ntaminated with pesticides, whereas no sta- 
tions exhibited mercury contamination and less than 10 
percent exhibited contamination from metals or PAHs. 
These percentages were substantially different from the 
average values presented in Figure 4-1. Similar find- 
ings wereevident in other highly agricultural watersheds, 
such as the Tulare-Buena Vista Lakes in California. 

In some cases, the absence of a particular land use 
in a watershed can provide clues about the source of in- 
place contaminants. Some watersheds, such as the Lower 
Mississippi-New Orleans in Louisiana and the 
Hackensack.Passaic in New Jersey, have very low agri- 
cultural land usage, yet a high percentage of contami- 
nation from pesticides. High levels of contaminants in 
recent sediment deposition may indicate upstream de- 
livery of coiltaminants, whereas high levels in buried 
sediment m ty be indicative of pesticide manufacture1 
formulation or urban applications in the past. In the 
Coeur D'Alene watershed in Idaho, there is very little 
agricultural land use and almost no urban land use. In 
this watershed, where mining is a known source of con- 
tamination, over 90 percent of the stations exhibited 
metal contamination, whereas none indicated PAH or 
pesticide contamination. In other watersheds with very 
low percent urbanization, there was substantial contami- 
nation from all chemical classes except PAHs. This phe- 
nomenon was evident in several nonurbanized 
watersheds in the Southeast and upper Midwest, such 
as Pickwick Lake and Guntersville Lake. Further ex- 









TaMe 4-2. (Continued) 



amination of percent agricultural 
and urban land use revealed some 
general trends that are illustrated 
by these examples. 

A high percentage of agricul- 
tural land use in a watershed 
tended to correspond with a mark-
edly higher percent contamina- 
tion from pesticides and lower 
percent contamination from met- 
als, mercury, and PAHs. This 
phenomenon is presented graphi- 
cally in Figure 4-2 and in tabular 
form on Table 4-3. For this analy- 

sis' EPA grouped watersheds into
quartiles based on percent total 
aericultural land use and calcu- -
lated the average percent of Sam- 
pling stations with contamination 
by chemical class. Some general 
trends that would be expected 
were clearly evident. In water- 
sheds with greater than 75 per-
cent of the land devoted to 
agriculture, pesticide contamina- 
tion jumped from under 40 per- 
cent of all stations to 64 percent. 
In contrast, metal, mercury, and 
PAH contamination all steadily 
decreased, with all three classes 
exhibiting a percent contamina- 
tion in the over 75 percent agri- 
culture group at least 10 
percentage points under the over- 
all average for each class. PCBs 
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Figure 42. 	Percent Tier 1and Tier 2 Stations vs. Agricultural Land Use in 
APCs. 

Table 4-3. 	 Comparison of Percent Agricultural Land Use in Watersheds 
Containing APCs to Percent of Tier 1and Tier 2 Stations by 
Chemical Class 

.and other organics did not exhibit any trend and never 
varied more than 5 percentage points from the overall 
average. 

In contrast, increasingly higher percentages of 41- 
ban land use in watersheds correlated with steadily in- 
creasing contamination from most chemical classes. 
~ igu re4-3 and Table 4-4 present the results of a trend 
analysis for total urban land use. For this analysis, EPA 
placed watersheds into groups of under 5 percent urban 
area' to lo 'Iban area' lo to 20 percent 'Iban 

area, and greater than 20 percent urban area to best il- 
lustrate trends. The percent PAH and metal contamina- 
tion were both 10 percentage points under the overall 
average for the least urbanized watershed group, then 
rose sharply as the proportion of urban area crossed the 
5 percent threshold. The extent of metal contamination 
rose to an average of 71 percent, more than 10 percent- 
age points above the overall average of 59 percent, in 

watersheds with more than 20 percent total urban land 
use. Mercury contamination rose steadily and reached 
a peak of 40 percent in the most heavily urbanized wa- 
tersheds. The mercury and PAH trends perhaps illus- 
trate the effect of atmospheric deposition from local 
urban sources. Contamination from other organics also 
mse steadily, but never varied more than 6 
points from the overall average. Pesticide contamina- 
tion initially decreased aspercent urbanization increased, 
but it rose more than 10 points from the 
to 20 percent urban group to the over 20 percent urban 
group. As mentioned previously, this may reflect up- 
stream delivery of contaminants, pesticide manufacture 
Or Or urban in the past. As 
Was the case with the agriculture analysis, the average 
Percent PCB contamination for theurban groups showed 
no trend and never varied substantially from the overall 
average. 
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Figure 4-3. 	Percent Tier 1and Tier 2 Stations vs. Urban Land Use in APCs. 

Table 4-4. 	 Comparisonof Percent Urban Land Use in Watersheds 
Containing APCs to Percent of Tier 1and Tier 2 Stations by 
Chemical Class 

Percent Total UrbanLsod Area 

I I I 
4% 5.10% 10.20% 

Average Pcmcnt Urban Land Area in Gmup 2% 7% 14% 

Number of Watershedsin Gmup 32 18 19 

Metals 49% 61% 59% 

I Oven11 

A 

44% 43% 

Mercury 21% 24% 30% 

PAHs 9% 25% 23% 25% 19, 

Others 8% 12% 15% 20% 

based on 1994 permit monitor- 
ing records in EPA's Permit 
Compliance System (PCS) and 
chemical release estimates in 
the 1993 Toxic Release Inven- 
tory (TRI). The report presents 
a screening analysis to identify 
probable point source contribu- 
tors of sediment pollutants 
based on release amount, 
chemical toxicity, and inherent 
physicallchemical properties of 
the contaminant. The report 
serves as Volume 3 of the com- 
plete report to Congress on the 
incidence and severity of sedi- 
ment contamination in surface 
waters of the United States. As 
previously stated, discharge 
limits for point sources are not 
necessarily protective of down- 
stream sediment quality. The 
Agency believes an effective 
source control strategy should 
focus on areas at greatest risk -
on a watershed scale. The re- 
port identifies 29 watersheds 
among the 96 APCs where the 
potential for point source con- 
tribution to sediment contami- 
nation is the greatest. 

The objective of the non- 
point source assessment com- 
ponent of the NSI is to prepare 
a nationwide assessment of an- 
nual nonpoint source contribu- 
tions of selected sediment 

EPA's Point and Nonpoint Source -

Sediment 	 Inventories 
As part of the National Sediment Inventory (NSI) 

and mandate under the Water Resources Development 
Act (WRDA) of 1992, EPA is conducting inventories of 
point and nonpoint sources of sediment contaminants. 

The objective of the point source assessment com- 
ponent of the NSI is to compile available data regard- 
ing the purposeful discharge of sediment contaminants 
from industrial facilities and municipal sewage treat- 
ment plants and to determine the potential to adversely 
affect sediment quality by chemical class, watershed, 
and industrial category. EPA has produced the Na-
tional Sediment Contaminant Point Source Inventory 

( ntaminants on a watershed basis. Given the num- 
ber and diversity of nonpoint sources, the Agency is 
focusing its initial efforts on four maior categories: 
harvested croplands, urban areas, atmospheric dep- 
osition, and inactive and abandoned mine sites (where 
information is available). Although these nonpoint 
sources do not constitute the full range of sediment 
contaminant sources, they are frequently cited in the 
scientific literature as significant sources of mercury, 
PCBs, PAHs, metals, pesticides, and other organic 
compounds. 

The nonpoint source assessment is intended to be a 
screening-level study that begins to correlate contami- 
nated sediment locations with suspected sources of these 
contaminants. As part of this assessment, EPA is com- 
piling data from the Bureau of the Census, the U.S. 



Department of Agriculture, the U.S. Department of the 
Interior's U.S.Geological Survey and Bureau of Mines, 
and others. EPA will compile information and data con- 
cerning these nonpoint source activities to identify wa- 
tersheds for further investigation and assessment. 

Given the breadth of nonpoint sources, EPA antici-
pates that the process of conducting future assessments 

will be iterative. Additional nonpoint sources will be 
added to the inventory to discriminate more fully be-
tween contaminant types and known sources and to char- 
acterize their proximity to known or suspected 
contaminated sediment sites. This iterative process will 
allow EPA to identify regions of the country where 
nonpoint sources are known to exist, but data on sedi- 
ment quality are either limited or lacking. 





Chapter 5 

Conclusions and Discussion 


he National Sediment Inventory (NSI) is EPA's 
largest compilation of sediment chemistty data Tand related biological data. It includes approxi- 

mately 2 million records for more than 21,000 monitoring 
stations across the country. EPA's evaluation of the NSI 
data was the most geographically extensive investiga- 
tion of sediment contamination ever performed in the 
United States. The evaluation was based on procedures 
to address the probability of adverse effects to aquatic 
life and human health. 

The characteristics of the NSI data, as well as the 
degree of certainty afforded by available assessment 
tools, allow neither an absolute determination of adverse 
effects on human health or the environment at any loca- 
tion, nor adetermination of the areal extent of contamina- 
tion on a national scale. However, the evaluation results 
strongly suggest @at sediment contamination may be 
significant enough to pose potential risks to aquatic life 
and human health in some locations. The evaluation meth- 
odology was designed for the purpose of a screening- 
level assessment of sediment quality; further evaluation 
would be required to confm ihat sediment contamina- 
tion poses actual risks to aquatic life or human health for 
any given site or watershed. 

Based on the number and percentage of sampling 
stations containing contaminated sediment within water- 
shed boundaries, EPA identified a number of watersheds 
containing areas of probable concern for sediment con- 
tamination (APCs) where additional studies may be 
needed to draw conclusions regarding adverse effects 
and the need for actions to reduce risks. Although the 
APCs were selected by means of a screening exercise, 
EPA believes that they represent the highest priority for 
further ecotoxicological assessments, risk analysis, tem- 
poral and spatial trend assessment, contaminant source 
evaluation, and management action because of the pre- 
ponderance of evidence in these areas. Although the 
procedure for classifying APCs using multiple sampling 
stations was intended to minimize the probability of mak- 
ing an erroneous classification, further evaluation of con- 
ditions in watersheds containing APCs is necessary 
because the same mitigating factors that might reduce 
the probability of associated adverse effects at one sam- 

pliig station may also affect neighboring sampling sta- 
tions. 

EPA chose the watershed as theunit of spatial analy- 
sis because many state and federal water and sediment 
quality management programs, as well as data acquisi- 
tion efforts, are centered around this unit. This choice 
reflects the growing recognition that activities taking place 
in one part of a watershed can greatly affect other parts 
of the watershed, and that management efficiencies are 
achieved when viewing the watershed holistically. At 
the same time, the Agency recognizes that contamina- 
tion in some reaches in a watershed does not necessarily 
indicate that the entire watershed is affected. 

Watershed management is a vital component of com- 
munity-based environmental protection. The Agency and 
its state and federal partners can address sediment con- 
tamination problems through watershed managementap- 
proaches. Watershed management programs focus on 
hydrologically defined drainage basins rather than areas 
defined by political boundaries. These programs recog- 
nix. that conditions of land areas and activities within 
the watershed affect the water resource. Local manage- 
ment, stakeholder involvement, and holistic assessments 
of water quality are characteristics of the watershed ap- 
proach. The National Estuary Program is one example of 
the watershed approach that has led to specific actions 
to address contaminated sediment problems. Specifically, 
the Narragansett (RI)Bay, Long Island Sound, New Yorkl 
New Jersey Harbor, and San Francisco Bay Estuary Pro- 
grams have all recommended actions to reduce sources 
of toxic contaminants to sediment. Numerous other ex- 
amples of watershed management programs are summa- 
rized in The Watershed Approach: 1993/94 Activity 
Repon (USEPA, 19948) andA Phase IInventory of Cur- 
rent EPA Efforts to Protect Ecosystems (USEPA, 1995b). 

This chapter presents some general conclusions 
about the extent of sediment contamination in the United 
States and sources of sediment contaminants. It also 
includes comparisons to other national studies that ad- 
dress the extent of sediment contamination and to a na- 
tional survey of state-issued fish consumption advisories. 
In addition, this chapter presents the results of an analy- 



sis of the sensitivity of parameters used to evaluate po- 
tential human health effects from exposure to PCBs and 
mercury, which was performed to show how the use of 
different screening values affect the results. The chap- 
ter concludes with a discussion of the strengths and 
limitations of the NSI data and evaluation method. 

It is important to understand both the strengths and 
limitations of this analysis to appropriately interpret and 
use the information contained in this report. The limita- 
tions do not prevent intended uses, and future reports 
to Congress on sediment quality will contain less uncer- 
tainty. To ensure that future reports to Congress accu- 
rately reflect current knowledge concerning the 
conditions of the Nation's sediment as our knowledge 
and application of science evolves, the NSI will develop 
intoaperodidly updated, centralized assemblage of sedi- 
ment quality measurements and assessment techniques. 

Extent of Sediment Contamination 

Based on the evaluation, sediment contamination 
exists at levels where associated adverse effects areprob-
able (Tier 1) in some locations within each region and 
state of the country. The water bodies affected include 
streams, lakes, harbors, nearshore areas, and oceans. A 
number of specific areas in the United States had large 
numbers of sampling stations where associated adverse 
effects are probable. Puget Sound, Boston Harbor, the 
Detroit River, San Diego Bay, and portions of the Ten- 
nessee River were among those locations. Several U.S. 
harbors (e.g., Boston Harbor, Puget Sound, Los Ange- 
les, Chicago. Detroit) appear to have some of the most 
severely contaminated sediments in the country. This 
finding is not surprising since major U.S. harbors have 
been affected throughout the years by large volumes of 
boat traffic, contaminant loadings from upstream sources, 
and many local point and nonpoint sources. 

Thousands of other water bodies in hundreds of 
watersheds throughout the country contain sampling 
stations classified as Tier 1. Many of these sampling 
stations may represent isolated "hot spots" rather than 
widespread sediment contamination, although insuffi- 
cient data were available in the NSI to make such adeter- 
mination. EPA's River Reach File 1 ( E l )  delineates the 
Nation's rivers and waterways into segments, orreaches, 
of approximately 1to 10 miles in length. Based on RFl, 
approximately 11 percent of all river reaches in the United 
States contained NSI sampling stations. More than 5,000 
sampling stations in approximately 2,400 river reaches 
across the country (4 percent of all reaches) were classi- 
fied as Tier 1. Another 10,000 sampling stations were 

classified as Tier 2. In total, over 5,000 river reaches 6 
the United States-approximately 8 percent of all river 
reaches-include at least one Tier 1 or Tier 2 station. 

EPA cannot determine the areal extent or number of 
river miles of contaminated sediment in the United States 
because the NSI does not provide complete coverage for 
the entire nation, sampling locations are largely based on 
a nonrandom sampling design, and sediment quality can 
vary greatly within very short distances. 

Most of the NSI data were compiled from nonran- 
dom monitoring programs. Such monitoring programs 
focus sampling efforts on areas where contamination is 
known or suspected to occur. As a result, assuming all 
other factors are the same, the frequency of Tier 1or Tier 
2 classification based on the NSI data evaluation is prob- 
ably greater than that which would result from purely 
random sampling. Swartz et al. (1995) demonstrated the 
effects of nonrandom sampling design on the frequency 
of detecting contaminated sampling stations. They com- 
pared the percent of sediment sampling stations that ex- 
ceeded PAH screening effects levels (ERL, SQC, AET) 
based on random sampling station selection (Virginian 
Province EMAP stations) to the percent of sampling sta- 
tions that exceeded those levels based on sampling sta- 
tion selection on the basis of known PAH contamination 
(such as creosote-contaminated Eagle Harbor, Washing- 
ton). They found that the frequency of exceeding a sedi- 
ment chemistry screening value in sampling stations 
known to be contaminated was 5to 10 times greater than 
that for randomly selected sampling stations. 

The percentage of all NSI sampling stations where 
associated adverse effects are "probable" or "possible 
but expected infrequently" (i.e., 26 percent in Tier 1and 
49 percent in Tier 2) does not represent the overall condi- 
tion of sediment across the country: the overall extent of 
contaminated sediment is much less, as is the percentage 
of sampling stations where contamination is expected to 
actually exert adverse effects. For example, areasonable 
estimate of the national extent of contamination leading 
to adverse effects to aquatic life is between 6 and 12 
percent of sediment underlying surface waters. This is 
primarily because themajority of sampling stations in the 
NSI are located in known or suspected areas of sediment 
contamination (i.e., sampling stations were not randomly 
selected). However, some individual data sets that are 
included in the NSI, as well as the results of independent 
investigations conducted by other researchers, can be 
applied to represent the areal extent of sediment contami- 
nation in their respective study areas. EPA's EMAP data 
collection effort featured a probabilistic, or random, sam- 
pling design. In the Virginian and Louisianian EMAP 



Provinces, located on the Mid-Atlantic and Gulf coasts 
respectively, 104of 678 (15.3 percent)of sedimentsamples 
were toxic to amphipods. With a 5 percent false positive 
rate (statistical alphd.05), EMAP toxicity data suggest 
that about 10 percent of marine and estuarine sites are 
sufficiently contaminated to cause lethality to benthic 
organisms (Richard Swartz, personal communication. 
December 27, 1996). In another recent study, Long et al. 
(1996) examined amphipod survival in test sediment col- 
lected from 1,176 locations in 22 estuarine areas through- 
out the nation. These authors concluded that the areal 
extent of toxic sediment comprised approximately 11 per- 
cent of the combined study area. 

To apply the NSI evaluation to estimate the areal 
extent of toxic sediment in the United States, three fac- 
tors must be accounted for: (1) most of the NSI data were 
generated from sampling targeted toward areas of known 
or suspected contamination, (2) sediment chemistry 
screening values only identify sediment associated with 
aprobabilify of toxicity, and (3) toxicity is demonstrated 
at some sampling stations where sediment chemistry 
screening values are not exceeded. The latter condition 
could be a result of false positives (i.e.. laboratory toxic- 
ity that would not be present in the field), toxic chemicals 
present in the field but not measured or evaluated, or 
toxicity that correlative screening valu-s do not predict 
(e.g., by definition 10 percent of toxic samples in the "ef- 
fects distribution" lie blow the ERL). 

Using information from available data and published 
studies, the effects of each of the above factors can be 
quantified. Swartz et al. (1995) suggest that exceeding a 
sediment chemistry screening value at sites of known or 
suspected contamination is 5 to 10 times more likely than 
at sites where sediment is randomly sampled. However, 
comparison of Tier 1 classification for Virginian and Loui- 
sianan EMAP data to the entire NSI data base suggests 
that the mix of sampling strategies in the NSIdata base as 
a whole results in screening value exceedance at 2 to 4 
times as many sampling stations than purely random sam- 
pling. Long et al.. (in press), as well as a comparison of 
matched sediment chemistry and toxicity data within the 
NSI, suggest that approximately 40 percent of Tier 1 sam- 
pling stations, and 20 percent of Tier 2 sampling stations, 
would exhibit significant lethality to bottom dwelling 
aquatic organism. Both data sets also suggest that sig- 
nificant lethality occurs at approximately 10 percent of 
Tier 3 stations, where no screening value is exceeded. 
Alternatively, one could assume that significant labora- 
tory toxicity at randomly sampled locations classified as 
Tier 3 only represents "false positives", and therefore 
that no toxicity occurs at Tier 3 sampling stations classi- 
fied from random sampling. 

In the NSIevaluation, 3,283 and 9,688 of the 17,884 
sampling stations with sediment chemistry data available 
were classified as Tier 1 and Tier 2, respectively, for risk 
to bottom dwelling aquatic organisms. Using a 40 per- 
cent probability of lethality at Tier 1 and a 20 percent 
probability of lethality at Tier 2, and further assuming 10 
times less frequent Tier 1 and Tier 2 classification (upper 
end of range from Swartz et al., 1995) in a random sample 
and no lethality at Tier 3 sampling stations, the estimated 
extent of sediment contamination in the United States 
associated with lethality to bottom dwelling aquatic or- 
ganisms is 2 percent. At the other extreme, assuming 2 
times less fr*quent Tier 1 and Tier 2 classification (lower 
end of range from EMAPINSI comparisons) in a random 
sample and a 10 percent probability of lethality at all re- 
sulting Tier 3 sampling stations (11,399; including the 
additional sampling stations previously classified as Tier 
1 and Tier 2 before adjusting for random sampling), the 
estimated extent of sediment contamination associated 
with lethality to bottom dwelling aquatic organisms is 15 
percent. Avoiding either extreme, assuming 2 to 5 times 
less frequent Tier 1 and Tier 2 classification in a random 
sample and a 10 percent probability of lethality for only 
the original Tier 3 sampling stations (4,913; prior to ad- 
justing for random sampling), the range narrows to 6 to 
12 percent-about 1,000 to 2,000 toxic sampling stations 
out of apprc~ximately 18,000. This range encompasses 
the areal extent point estimates fromEMAP toxicity data 
and Long et ill. (1996). EPA believes these are reasonable 
estimates of the extent of sediment contamination across 
the United .':tates. 

The results of the NSI dataevaluation must be inter- 
preted in the context of data availability. Many states 
and EPA Regions appear to have a much greater inci- 
dence of sediment contamination than others. To some 
degree, this appearance reflects the relative abundance 
of readily available electronic data, not necessarily the 
relative incidence of sediment contamination. For example, 
182 of the 920 river reaches in Illinois contain a Tier 1 
sampling station, whereas only 9 of the 5,490 reaches in 
Montanacontain aTier 1 sampling station. However, the 
NSI includes sampling station data for over 50 percent of 
the river reaches in Illinois but less than 1 percent of the 
river reaches in Montana. Therefore, although the abso- 
lute number of Tier 1 and Tier 2 stations in each state is 
important, relative comparisons of the incidence of sedi- 
ment contamination between states is not possible be- 
cause the extent of sampling and data availability vary 
widely. 

For a number of reasons, some potentially contami- 
nated sediment sites were missed in this evaluation. The 
most obvious reason is that the NSI does not include all 



sediment quality data that have ever been collected. For 
example, the NSI does not include many EPA Superfund 
Program data and therefore sampling stations in the vi-
cinity of hazardous waste sites might not have been in- 
cluded in the NSI evaluation. Additional data sets will be 
added to the NSI for future evaluations to provide better 
national coverage. In addition, somedata in the NSI were 
not evaluated because of questions concerning data qual- 
ity or because no locational information (latitude and lon- 
gitude) was available. 

Sources of Sediment 
Contamination 

Some of the most significant sources of persistent 
and toxic chemicals have been eliminated or reduced as 
the result of environmental controls put into place during 
the past 10 to 20 years. For example, thecommercial use 
of PCBs and the pesticides DDT and chlordane has been 
restricted or banned in the United States. In addition, 
effluent controls on industrial and municipal point source 
discharges and best management practices for the con- 
trol of nonpoint sources have greatly reduced contami- 
nant loadings to many of our rivers and streams. 

The results of better controls over releases of sedi- 
ment contaminants are evident from studies such as that 
conducted by Swartz et al. (1991) on the Palos Verdes 
Shelf. These researchers examined sediment cores col- 
lected at two sites on the Palos Verdes Shelf near the Los 
Angeles County Sanitation District's municipal waste- 
water outfalls, and at two reference sites in SantaMonica. 
They found that the vertical distribution of sediment tox- 
icity near the outfalls was significantly correlated with 
profiles of total organic carbon and sediment chemical 
contamination. Dating of core horizons showed that sedi- 
ment toxicity also was significantly correlated with his- 
torical records of the mass emission rate of suspended 
solids from the outfalls. The vertical profiles showed 
that the toxicity of surficial sediments increased after the 
initiation of the discharge in the 1950s, remained rela- 
tively high until the early 1970s. and then decreased after 
the implementation of source controls and improved ef- 
fluent treatment (Swartzet al., 1991). 

Based on the NSI data evaluation, metals and persis- 
tent organic chemicals are the contaminants most often 
associated with sediment contamination. Despite recent 
progress in controlling sediment contaminant releases to 
the environment, active sources of these contaminants 
still exist. These include nonpoint source loadings such 
as surface water runoff and atmospheric deposition, point 
source loadings, and resuspension of in-place sediment 
contaminants from historical sources. 

Some correlations between land use and sediment 
contamination caused by specific classes of chemicals 
were identified in Chapter 4. Agricultural land use was 
correlated with the extent of sediment contaminated with 
organochlorine pesticides in APC watersheds, especially 
those with more than 75 percent of land area devoted to 
crop production or rangeland. In contrast, the extent of 
sediment contaminated with PAHs, mercury, and other 
metals in APC watersheds correlated with the extent of 
urban land use. Land use did not appear to be associated 
with the extent of PCB contamination. 

Comparison of NSI Evaluation 
Results to Results of Previous 
Sediment Contamination Studies 

The results of this study are consistent with the find- 
ings of other national assessments of sediment contami- 
nation. For example, in EPA's 1992 National Water 
Quality Inventory report, 27 states identified 770 known 
contaminated sediment sites (USEPA, 1994e). The iden- 
tified "sites" probably best correlate to river reaches from 
this analysis in terms of areal extent. The NSI evaluation 
identified approximately 2,400 river reaches in 50 states 
that contain a Tier 1 sampling station. In the National 
Water Qualify Inventory report, the states frequently listed 
metals (e.g., i.~erculy, cadmium, and zinc), PCBs, DDT(and 
its by-products), chlordane, and priority organic chemi- 
cals as the cause of sediment contamination. They iden- 
tified industrial and municipal discharges (past and 
present), landfills, resource extraction, abandoned haz- 
ardous waste disposal sites, and combined sewer over- 
flows as the most important sources of sediment 
contamination. 

In a 1987 overview of sediment contamination (which 
was based on a limited amount of national data), EPA 
estimated that hundreds of sites located in all regions of 
the United States have in-place sediment contaminants 
at concentrations of concern (USEPA, 1987). The study 
identified harbor areas, both freshwater and marine, as 
some of the most severely impacted areas in the country. 
The study identified municipal and industrial point source 
discharges, urban and agricultural runoff, combined sewer 
overflows, sl)ills, mine drainage, and atmospheric depo- 
sition as fre..pently cited sources of sediment contami- 
nation. 

In 1994, the National Oceanic and Atmospheric Ad- 
ministration (NOAA) released its Inventory of Chemical 
Concentrations in Coastal and Estuarine Sediments 
(NOAA, 1994). This study categorized 2,800 coastal sites 
as either "high" or "hot*' based on the contaminant con- 
centrations found at the sampling locations. NOAA did 



not use risk-based screening values for its analysis. Us- human health effects are located in water bodies for which 
ing the National Status and Trends Mussel Watch data fish consumption advisories have been issued for the 
set, "high" values were defined as the mean concentra- chemical(s) responsible for the Tier 1 or Tier2 categoriza- 
tion for a specific chemical plus one standard deviation. tion. Tier 1 and Tier 2 stations are located predominantly 
High values corresponded to about the 85th percentile of where data have been collected and compiled for theNSI, 
contaminant concentration. "Hot" concentrations were whereas fish consumption advisories are located in states 
defined as those exceeding five times the "high" values. with active fish advisory programs. Unlike the NSI data 
Most of the "hot" sites were in locations with high ship evaluation, which is applied consistently to available data, 
traffic, industrial activity, and relatively poor flushing, risk assessment methods used by states may vary. 
such as harbors, canals, and intracoastal waterways 
(NOAA, 1994). Mercury and cadmium exceeded the Although there is good agreement for other chemi- 
NOAA "hot" thresholds at a greater percentage of sites cals, mercury is notably absent from the Tier 1 category 
where they were measured (about 7 percent each) than in Table 5-1. Using the NSI evaluation methodology, mer- 
other sediment contaminants. cury cannot place a sampling stations in Tier 1for poten- 

tial human health effects. For chemicals other than PCBs 
Comparison of NSI Evaluation anddioxins, sediment chemistry and fish tissue data must 
Results to Fish both indicate human health risk for Tier 1 assignment. 
Consumption 

Table5-1. Comparison of Contaminants Most Often Associated WithFish Advisories Consumption Advisories and Those Which Most Often Cause 

EPA recently published a Na- Stations to Be Placed in Tier 1or Tier 2Based on the NSI Data 

tional Listine of Fish Consumotion , Evaluation-
Advisories issued by state gov- Number of River Reaches That Include 

ernments. As of 1994, 1.532 fish at Least One Tier 1 or Tier 2 Stalian 
Based on the NSI Data Evalu~tion of 

consumption advisories were in Human Health Fish Consumption 
place in 46 states. (Each advisory Advisories Parameters4 
might apply to several water body of Water Bodies with 
segments, or reaches, as defined Chemical' Fish Advisoriese Tier 1 Tier 2' Total 
in this study.) Mercury was the I I I 
contaminant most often associ- Mercury 1,119 0 89 89 
ated with fish consumption advi- 1 387 1,498 732 2.230 
sories; 1,119 water bodies had Chlordane 114 I I 1,026 1.037 
advisories that included mercury. Dioxins 53 242 8 250 
States also issued a large number DDT and metabolites 2 8 19 656 675 
of advisories because of high lev- Dieldrin 15 9 1,296 1.305 

els of chlordane, PCBs, and diox- I Selenium 12 0 4 4 

ins in fish tissue. Mirex 10 0 15 15 
PAHs 5 0 529 529 

A direct comparison of the 
Toxaphene 4 0 183 183 
Hexachlorobenzene 3 0 53 5 3 

fish advisory contaminants and Lead 2 0 259 259
NSI contaminants is not possible Hexachlorobutadiene 2 0 6 6 
because states often issue advi- Creosote" 2 
sories for groups of chemicals. Chromium I 0 6 6 
Nevertheless, five of the top six Copper 1 0 4 4 
contaminants associated with fish Zinc 1 0 14 14 
advisories (PCBs, DDT,dieldrin, 'Orher chemical groups rernonaihlc Inr fish eonlumpcilln aduirnricr iic.. pcalicidea 124 w8.r hodicr]. "mullple" 14 

chlordane, and dioxins) are also water bodicrl. "not rpccifid" I4 water hodics]. and mrtrlc I6 water bodicrl) could not be directly cnmparcd lo NSI 
Ehcmierll. 

among the contaminants most of- 'NCIr~ferencevaIue8 we15 av.ilahlc foc F ~ O I O V ;rhereIore, it was not cvalv~lulin rhc NSI data craiurlon. 
ten responsible for the Tier 1 clas- 'Doc. not include rlntawidc adviroricr 

sification of water bodies based on Mercury: New Y o d .  New Irracy. Maine. M~~sachuaem,Michigan, rouul Florida 
Chlordane: Miaravri 

aotential human health effects PCBs: New Ynrk 

i ~ a b l e5-1). As in Fig- Dioxin: C0l"Ul Maine 

,A a..r body ern he cornpored ornvmerova riv., nacho.. 
ure 5-1, many sampling stations aiver  rc.eh.. ,hat inel&=n ]eat T ~ G C2 ..mp~ing .ulinn hut no T~O.I lMpiins al.linnr. 

categorized as Tier 1 or Tier 2 for 



gure 5-1. 	Tier 1 and Tier 2 Sampling Stations for Potential Risk to Human Health Located Within Water Bodies with Fish Consumption Advisories 
in Place for the Same Chemical ~es~ons ib le  for the Tier 1 or Tier 2 Classification. 



Unfortunately, the bioaccumulation potential of mercury 
based on concentrations in sediment cannot be assessed 
because the biota sediment accumulation factors (BSAFs) 
used for this study apply only to nonionic organic com- 
pounds. In addition, available fish tissue data for mer- 
cury did not place a large number of sampling stations in 
Tier 2 for potential human healtheffect?., compared to the 
number of fish consumption advisories issued. 

There are three possible explanations for the rela- 
tively small number of sampling stations categorized as 
Tier 2 for mercury in comparison to the number of fish 
consumption advisories in place for mercury. The first 
explanation is that the NSI evaluation was limited to data 
from resident demersal species, whereas data used in sup- 
port of issuing state fish advisories probably included 
pelagic and migratory species. The second possible ex- 
planation is that the evaluation parameters used in the 
analysis were not as stringent as the ones used to sup- 
port fish consumption advisory issuance. The third ex- 
planation is that the NSI does not include all of the data 
used by the states to issue fish advisories. 

To examine these possible explanations, EPA per- 
formed additional analyses of mercury fish tissue data 
included in the NSI. The current evaluation, using a fish 
tissue screening value of 1 part per million (ppm), yields 
103 Tier 2 sampling stations (4 percent of all stations with 
detectable levels). If data from all edible pelagic and mi- 
gratory species are included in the analysis, there are 374 
Tier 2 sampling stations (9 percent of all stations with 
detectable levels). A fish tissue threshold of 0.6 ppm, 
derived using the more stringent reference dose (0.00006 
mg/kg-day) recommended to states for issuing fishing 
advisories to protect against developmental effects 
among infants (USEPA, 1994f), yields 821 'Iier 2 sampling 
stations (20 percent of all stations with detectable levels) 
when applied to all edible species using the consumption 
rate for an average consumer of 6.5 grams per day. How- 
ever, fish consumption advisories are often issued for 
more highly exposed populations, such as recreational or 
subsistence fishers. The 0.2 ppm Canadian guideline limit 
for mercury in fish that are part of a subsistence diet 
yields 2,308 Tier 2 sampling stations (56 percent of all 
stations with detectable levels) when applied to all edible 
species in the NSI database. Further details of the addi- 
tional mercury analyses are provided in Appendix H. 

The conclusion resulting from these additional analy- 
ses is that all three explanations for the discrepancy in 
numbers of fish advisories andTier 1 andTier 2 sampling 
stations for mercury probably have an effect. Most fish 
consumption advisories are issued to protect infants from 
developmental effects for populations where exposure is 

greater than 6.5 grams of fish per day. It is also likely that 
many of the data used to develop state fish consumption 
advisories are not included in the NSI, or are not evalu- 
ated for sediment contamination because they are mea- 
surements in pelagic or migratory fish. 

Sensitivity of Selected PCB 
Evaluation Parameters 

Because PCBs and dioxin are extremely hydrophobic 
chemicals commonly associated with sediment, and be-
cause of their toxicity to humans, EPA believes that el- 
evated levels of PCBs and dioxins in fish tissue of 
resident, demersal species are sufficient evidence to indi- 
cate a higher probability of adverse human health effects 
and to place a sampling station in Tier 1. Based on the 
NSIdataevduation, PCBs were responsible for the Tier 1 
classification of more sampling stations than any other 
chemical. Therefore, EPA conduct~A a sensitivity analy- 
sis of some PCB evaluation parameters to determine the 
effect on the number of sampling stations classified as 
Tier 1 or Tier 2. 

In the NSI evaluation, EPA selected a precautionary 
approach for the analysis of PCBs. The approach is pre- 
cautionary because it does not require matching sedi- 
ment chemistry and tissue residue data for PCB, and it is 
based on the risk of cancer for all PCBs congeners or 
total PCB measurements. However, some PCB congeners 
are considered a greater threat for noncancer effects than 
for cancer. The evaluation currently places 2,256 tissue 
sampling stalions in Tier 1 based on human health cancer 
risk. Only 542 of these sampling stations included match- 
ing sediment and tissue data for PCBs. Therefore, the 
number of sampling stations classified as Tier 1 would 
have decreased significantly if this match had been re- 
quired. 

EPA performed additional evaluations to determine 
the number of sampling stations that exceed other screen- 
ing values which are less precautionary than those se- 
lected for the PCB evaluation in this study. The complete 
results are presented in Appendix H, which includes a 
comparison of the number of sediment and fish tissue 
sampling stations with detectable levels of PCBs that ex- 
ceed various evaluation parameters for both aquatic life 
and human health. 

Sampling station evaluation based on PCB contami- 
nation is quite sensitive to the selection of evaluation 
parameters. For protection of fish consumers, there are 
essentially tluee distinct levels of protection. Using an 
EPAcancerrisk of 10" (i.e., a 1 in 100,000extrachance of 
cancer over a lifetime of 70 years) or greater, 85 percent or 



more of the sampling stations with detectable PCB levels 
areclassified as Tier 1. About one-half to two-thirds of 
the sampling stations are classified as Tier 1 for 
exceedances of PCB levels protective of noncancer 
health effects. cancer risk at a lo4 risk level. or levels ~~~~~-~~~~ ~~ 

exceeding the wildlife criterion. Less than one-third of 
the stations are classified as Tier 1 using the FDA level 
of protection. As documented in Appendix H, these per- 
centages vary depending on use of a BSAF safety fac- 
tor, and whether one is examining the set of fish tissue 
data or sediment chemistry data. These three levels of 
protection vary within two orders of magnitude, a range 
that covers most of the distribution of PCB measure- 
ments. 

Although sampling station classification for PCB 
contamination is quite sensitive to selection of evalua- 
tion parameters, overall station classification using the 
complete NSIevaluation for all chemicals is more robust. 
Using the selected PCB evaluation parameters, there are 
15,922 total Tier 1 and Tier 2 sampling stations. If PCBs 
are dropped from the analysis entirely, the total number 
of Tier 1 andTier 2 sampling stations remains about the 
same (less than a 5percent decrease), but the number of 
Tier 1sampling stations decreases by approximately 40 
percent. If PCBs are evaluated using a noncancer hu- 
man health threshold, the total number of Tier 1andTier 
2 sampling stations decreases by less than 2 percent and 
the number of Tier 1sampling stations decreases by ap- 
proximately 12 percent. Figure 5-2 shows the location of 
Tier 1andTier 2 sampling stations that exhibit potential 
human health risks for all chemicals other than PCBs for 
comparison to Figure 3-6 in the results section. Approxi- 
mately 78 percent (6,670 of 8,523) of the total number of 
Tier 1 andTier 2 sampling stations indicating human health 
risk remain afler excluding PCBs from the evaluation. 

Strengths of the NSI Data 
Evaluation 

For this report to Congress, EPA has compiled the 
most extensive data base of sediment quality infoma- 
tion currently available in electronic format. To evaluate 
these data, EPA has applied sediment assessment tech- 
niques in a weight-of-evidence approach recommended 
by national experts. The process to produce this report 
to Congress has engaged a broad array of government, 
industry, academic, and professional experts and stake- 
holders in development and review stages. The evalua- 
tion approach utilizes sediment chemistry, tissue residue, 
and toxicity test results. The assessment tools employed 
in this analysis have been applied in North America with 
results published in peer reviewed literature. Toxicity 
test data were generated using established standard 

methods employed by multiple Federal agencies. The 
evaluation approach addresses potential impacts to both 
aquatic life and human health. 

Because of thecomplex nature of the reactions among 
different chemicals in different sediment types, in water, 
and in tissues, no single sediment assessment technique 
can be used to adequately evaluate potential adverse ef- 
fects from exposure to all contaminants. Uncertainties 
and limitations are associated with all sediment quality 
evaluation techniques. To compensate for those limita- 
tions, EPA has used multiple assessment techniques, alone 
and in combination, to evaluate the NSI data. For example, 
EPA developed draft SQCs based on the best scientific 
data available and extensive peer review. Therefore. EPA 
believes that the draft SQCs are reliable benchmarks for 
protecting sediment quality, and with measuredTOC can 
indicate a higher probability for adverse effects to aquatic 
life. In addition, EPA believes that other sediment chemis- 
try screening values (ERMs/ERLs, PELsAZLs, AETs, and 
SQALs)are also useful indicators of probability for aquatic 
life impacts. The Agency applied a weight-of-evidence 
approach for evaluating contaminant levels using these 
screening values, requiring the exceedance of multiple 
upper sediment chemistry screening values (i.e., ERM, 
PEL, AET-high, or SQAL) for classification of Tier 1sam-
pling stations. 

The screening values used to evaluate the NSI data 
include both theoretical and correlative approaches. The 
theoretical approaches (e.g., draft SQCs, SQALs, and 
TBPs) are based on the best information available con- 
cerning how chemicals react in sediments and organisms 
and how organisms react to those chemicals. The correla- 
tive approaches (i.e., ERMsERLs, PELsflXLs, and AETs) 
are based on matched sediment and biological data gath- 
ered in the field and in the laboratory, and they provide 
substantial evidence of actual biological effects from sedi-
ments contaminated with specific concentrations of the 
chemicals. 

The NSI evaluation approach includes assessments 
of potential impacts to both human health and aquatic 
life. Some chemicals pose a greater risk to human health 
than to aquatic life; for others, the reverse is true. By 
evaluating both potential human health and aquatic life 
impacts, EPA has ensured that the most sensitive end- 
point is used to assess environmental impacts. 

Because sediment chemistry data are not the only 
indicators of potential environmental degradation due to 
sediment contamination, the NSI data evaluation approach 
also includes evaluations of fish tissue residue and toxic- 
ity data. If high levels of PCBs ordioxins (which are highly 
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Figure! 5-2. Sampling Stations Classified as Tier 1 or Tier 2 for Potential Risk to Human Health Excluding PCBs. 



hydrophobic organic chemicals commonly found associ- 
ated with sediments) were measured in fish tissue at a 
given sampling station, the station could be categorized 
as Tier 1 with no corroborating sediment chemistry data. 
For other chemicals, high concentrations in tissues alone 
were not sufficient to categorize a sampling station as 
Tier 1; corroborating sediment chemistry data were also 
required. For a sampling stations to be categorized as 
Tier 1 basedon toxicity dataalone, multiple toxicity tests 
with positive results using twodifferent test species were 
required. One of the tests had to be a solid-phase test. 

Although EPA has developed draft SQCs for only 
five nonionic organic chemicals, the Agency has devel- 
oped similar values, the SQALs, for an additional 35 chemi- 
cals as part of the NSI data evaluation. The SQALs have 
allowed EPA to evaluate more chemicals using multiple 
assessment techniques, thereby adding more weight of 
evidence to the results of this evaluation. 

Limitations of the NSIData 
Evaluation 

This methodology was designed for the purpose of 
a screening-level assessment of sediment quality. A con- 
siderable amount of uncertainty is associated with the 
site-specific measures, assessment techniques, exposure 
scenarios, and default parameter selections. Therefore, 
the results of evaluating particular sampling stations 
based on this methodology should be followed up with 
more intensive assessment efforts, when appropriate (e.g., 
for water bodies with multiple Tier 1 sampling stations 
located in APCs). ' h o  types of limitations are associ- 
ated with theevaluationof the NSI data: limitations asso- 
ciated with thedata themselves and limitations associated 
with the evaluation of the data. 

Limitations of  Data 

The NSI is a multimedia compilation of environmen- 
tal monitoring data obtained from a variety of sources, 
including state and federal government offices. Inherent 
in the diversity of data sources are contrasting monitor- 
ing objectives and scopes, which make comparison of 
data 'om different data sets difficult. For example, sev- 
eral of the databases contain only information from ma- 
rine environments or other geographically focused areas. 
The potential for inconsistencies in measured concentra- 
tions of contaminants at different stations exists for 
samples taken from different monitoring programs. For 
example, sampling different age profiles in sediments, 
applying different sampling and analysis methods, and 
sampling for different objectives can affect the results of 

the NSI evaluation. Although numerous data sets identi- 
fied sampling and laboratory methods, most data did not 
have this information. In addition, somedata sets included 
in the NSI were not peer-reviewed (i.e., Region 4's Sedi- 
ment Quality Inventory, the Gulf of Mexico Program's 
Contaminated Sediment Inventory, and some data sets 
fiomEPA's STORET). Furthermore, each monitoringpro- 
gram used unique sampling and analysis protocols. For 
example, PCBs, the chemical group most often respon- 
sible for placing sites in Tier 1, were measured by nearly 
all of the programs but were analyzed and reported as 
aroclor-specific data, congener-specific data, total PCBs, 
or a combination of these. 

The only quality assurancelquality control (QAIQC) 
information required for data to be included in the NSI 
was information on the source of the data and the loca- 
tion of the sampling station. Available information on 
several types of QNQC procedures that can influence 
the quality of the data and can be used to check the 
quality of data was included in the NSI. None of this 
information, however, was required before adata set could 
be included in the NSI. Evaluation of such information 
can provide an indication of the quality of the data used 
to target a specific site. Table 5-2 presents a summary of 
the known QNQC information associated with each of 
the data sets included in the NSI. 

Data reporting was also inconsistent among the dif- 
ferent data sources. Inconsistencies that required reso- 
lution included the lack or inconsistent use of Chemical 
Abstract Service (CAS) numbers, analyte names, species 
names, and other coding conventions, as well as the lack 
of detection limits and associated data qualifiers (remark 
codes). The evaluation of toxicity data required the pres- 
ence of control data. Control data were not often initially 
reported with the data, and significant follow-up work 
was required to acquire such data. In addition, 4of the 11 
sources of toxicity test data used in the NSI evaluation 
did not report the use of laboratory replicates. 

Some of the data included in the NSI were compiled 
as early as 1980 (thedatacovertheperiodof 1980-93) and 
might not reflect current conditions. The analysis did 
not include a temporal assessment of trends in sediment 
contaminant levels. Emissions of many prominent 
contaminants declined during the 1980s, and significant 
remediation efforts have taken place at many locations 
since that time. In addition, dredging, burial, and scour- 
ing might have removed contaminants from some sam- 
pling stations. The lack of a trend analysis in sediment 
contamination over time is an important limitation of this 
study and will be investigated in future NSI evaluations. 



Table 5-2 National Sediment Inventory Database: SummaryOFQAIQC Information 

I I I I I I I1 AreThere 1 I Are the Sampling Are the Detection 
OAlOC Renoris and Annlvtkal I Limits for the I I 
i o  ~ i c o r n b n ~  Were the Data 

Database the Data? Peer-Reviewed? 

I ( Yes. 301th) data 

1 EMAP N A  and LA Provinces) I Yes I Yes 

Senrtle; U.S. Army Corps of 

Engineers Yes Yes 


Region 4 Some No 

Gulf of Mexico Same NO 

COSED Yes Yes 

G ~ a tLakes Yes Yes 

DMATS I Same I Yes 

STORET Unknown Unknown 

1 Massachusetts Bav (USGS) 1 Some 1 Yes 

Some data parameters are consistently absent 
throughout the NSI database. (Refer to Appendix A, Tables 
A-l and A-2, for information on the number of NSI sta- 
tions at which the various types of data were collected.) 
For example, very few site-specific TOC or AVS data are 
available, and toxicity dataor matched sediment chemis- 
try and biological data were available at relatively few 
sampling stations. For many of the fish tissue data in- 
cluded in the NSI, the species was not identified. 

The lack of AVS data in the NSI was a significant 
limitation for the evaluation of metals data. The NSI in- 
cludes a relatively large amount of metals data, and the 
data indicate that metals concentrations in sediment are 
elevated in many areas. A1 some stations the elevated 
metals concentrations might indicate a potential prob- 
lem; however, no sampling stations in the NSI could be 
placed in Tier 1 solely from measured concentrations of 
cadmium, copper, nickel, lead, or zinc. This reflects in 
large part the absence of AVS data, which are required to 
place sampling stations contaminated with those metals 
in Tier 1. 

The unavailability of matching sediment chemistry 
and tissue residue data also limited the NSI data evalua- 
tion. In several instances, fish tissue was not analyzed 
for the same suite of chemicals for which sediment was 
analyzed. Spatial and temporal limitations of thedatamight 
have directly affected the analysis. Although some sedi- 
ment chemistry and tissue residue data might have been 

Methods lden~ntd  Analytm lncludcd 
In the Database? in the Database? Comments 

I 1 Data Qualifiers I 
I Yes I Yes I DataOualificrs I 

~p ~p 

Yes Yes Data Qualifiers 

Some Yes Data Qualifiers 

Some Yes Data Qualifiers 

Yes Some 

Yes Yes 
-

I Yes I Yes Data Qualifiers 

No Yes Data Qualifiers 

collected in the same or very similar sampling stations, if 
the station names were not identical, the data could not 
be treated as if they were collected from the same loca- 
tion. This very likely resulted in an underestimate of the 
number of Tier 1 stations identified based on potential 
human health effects. The underestimate occurred be- 
cause exceedances of sediment TBP and tissue levels 
(EPA risk levels and FDA levels) at the same sampling 
station were required to categorize stations as ~ i e r l .  

The lack of consistency among the different moni- 
toring programs in the suite of chemicals analyzed also 
represents an area of uncertainty in the NSI data evalua- 
tion. Certain databases contain primarily information de- 
scribing concentrations of metals or pesticides, whereas 
others (e.g., STORET and ODES) contain datadescribing 
concentrations of nearly every chemical monitored in all 
of the NSIduta. Many monitoringprograms use a screen- 
ing list of chemicals that ate indicator pollutants for 
contaminated sediments. Thus, many of the specific 
chemicals assessed in the NSI data evaluation are not 
always measured in samples. In addition, certain classes 
of in-place sediment contaminants might not be 
recognized as causing significant impacts and thus are 
not routinely measured. 

Information describing local background levels of 
sediment contaminants was usually not presented with 
the data included in the NSI and thus was not considered 
when the significance of elevated contaminant concen- 



d o n s  in sediment was evaluated. Background condi- 
tions can be important in an evaluation of potential ad- 
verse effects on aquatic life because ecosystems can 
adapt to their ambient environmental conditions. For ex- 
ample, high metals concentrations in samples collected 
from a particular station might occur from natural geo- 
logical conditions at that location, as opposed to the ef- 
fects of human activities. 

Most data are associated with a specific location. As 
a result, establishing the extent of contaminated sedi- 
ment within a water body is not possible because it is 
difficult to assess the extent to which a monitoring sta- 
tion represents a larger segment of a water body. Fur- 
themore, the NSI data are geographically biased. More 
than 50 percent of all sampling stations evaluated in the 
NSI are located in 8 states (Washington, Florida, Illinois, 
California, Virginia, Ohio, Massachusetts, and Wiscon- 
sin), which have more than 700 monitoring stations each. 
Finally. EPA did not verify reported latitude and longi- 
tude coordinates for each sampling station. 

Limitations of Approach 

Sediment Chemistry Screening Values 

There are significant gaps in our knowtedge con- 
cerning sediment-pollutant chemistry (especially bioavail- 
ability) and direct and indirect effects on aquatic biota. 
The certainty with which sediment toxicity can be pre- 
dicted for each chemical using the various screening val- 
ues included in the NSI evaluation can vary significantly 
based on the quality of the available data and the appro- 
priateness of exposure assumptions. For example, draft 
SQCs and SQALs are not equivalent, even though they 
were developed using the same methodology. EPA has 
proposed SQCs for five chemicals based on the highest 
quality toxicity and octanoVwater partitioning data,which 
have been reviewed extensively. The draft SQCs have 
also undergone extensive field validation experiments. 
However, SQALs for additional chemicals are in many 
cases based on a less extensive toxicity data set and have 
not been field validated. The AET values used in this 
evaluation were basedon empirical datafromhget Sound. 
Direct application of values from Puget Sound to a spe- 
cific location or region in another part of the country 
might be overprotective or underprotective of the re- 
sources in that area. Extensive collection of data and ad- 
ditional analyses would be required to develop AETs for 
other locations. 

The bioavailability of metals in sediment is addressed 
by the comparison of the molar concentration of sulfide 
anions (i.e., acid-volatile sulfide [AVS]) to the molarcon- 

centration of metals (i.e., simultaneously extracted metals 
[SEMI). The [SEMI-[AVS] difference is most applicable 
as an indicator of when metals are not bioavailable. If 
[AVS] exceeds [SEMI, there is sufficient binding capacity 
in the sediment to preclude metal bioavailability. How- 
ever, if [SEMI exceeds [AVSI, metals might he hioavail- 
able or other nonmeasured phases might bind up the 
excess metals. To apply the [SEMI-[AVS] difference to 
indicate positive bioavailability and toxicity for this evalu- 
ation, EPA used laboratory data that indicated the prob- 
ability of observed toxic effects at various [SEMI-[AVS] 
levels. Based on these data, EPA defined the Tier 1level 
as [SEMI-[AVS]>5. Thus, this use of [SEMI-[AVS] repre- 
sents a hybrid of a theoretical approach and a correlative 
approach. 

Only those chemicals for which sediment chemistry 
screening values (i.e., draft SQCs, SQALs, ERLsERMs, 
PELsmLs, and AETs) are available were evaluated in 
the analysis of NSI data. Therefore, the methodology 
could not identify contamination associated with chemi- 
cal classes such as ionic organic compounds (e.g., alkyl 
phenols) and organometallic complexes (e.g., tributyl tin). 

Biological effects correlation approaches such as 
ERMs or PELS arebased on the evaluation of paired field 
and laboratory data to relate incidence of adverse bio- 
logical effects to the dry-weight sediment concentration 
of a specific chemical at a particular sampling station. 
Researchers use these data sets to identify level-of-con- 
cem chemical concentrations based on the probability of 
observing adverse effects. Exceedance of the identified 
level-of-concern concentration is associated with a liieli- 
hood of adverse organism response, but it does not dem- 
onstrate that a particular chemical is solely responsible. 
In fact, a given sample typically contains a mixture of 
chemicals that contribute to observed adverse effects to 
some degree. Therefore, these correlative approaches 
tend to result in screening values that are lower than the 
theoretical draft SQCs and SQALs, which address the 
effects of a single contaminant. However, these col~ela- 
tive approaches are better at predicting toxicity in com- 
plex mixtures of contaminants in sediment. The effects 
range approaches to assessing sediment quality also do 
not account for such factors as organic matter content 
and AVS, which can mitigate the bioavailability and, there 
fore, the toxicity of contaminants in sediment. 

Another concern is the application of screening val- 
ues based on freshwater data (draft SQCs and SQALs) 
and those based on saltwater data alone (ERLsIERMs, 
PELsKELs, and AETs) to evaluate sediment contaminant 
concentrations in the NSI from both freshwater and salt- 
water habitats. Freshwater organisms exhibit tolerance to 



toxic chemicals similar to that of saltwater species when 
tested in their respective water; however, estuarine or- 
ganisms might be less tolerant if osmotically stressed 
(Rand andpetrocelli, 1985). Thus, the relative toxicity of a 
chemical in water (i.e., its chronic threshold water con- 
centration) is usually within an order of magnitude for 
saltwater and freshwater species, although final chronic 
values and proposed sediment quality criteria values are 
usually slightly higher for saltwater species. Ingersoll et 
al., (1996) reported similar reliability and predictive ability 
between marine and freshwater guidelines. In addition 
Long et al., (1995) compared the ERLs and ERMs with 
comparable values derived for freshwater by the Ontario 
Ministry of the Environment and the agreement was ex- 
tremely good. Because of limitations of time and re- 
sources, sampling stations in the NSI were not classified 
by salinity regime, and further site-specific evaluations 
are required to more definitively assess the toxicity at the 
stations. However, the application of several different 
screening values should provide a reasonable estimate 
of probability of risk to aquatic life in freshwater, estua- 
rine, and marine habitats. 

Additional false positive and false negative classifi- 
cations of risk to aquatic life from sediment contaminant 
concentrations could occur when a default value for or- 
ganic carbon content is applied. Draft SQCs and SQALs 
are based on the partitioning of a chemical between or- 
ganic carbon in the sediment and pore water at equilib- 
rium. Because the organic carbon content of most 
sediment samples in the NSI is unknown, these sediment 
samples were assumed to contain 1 percent organic car- 
bon. Total organic carbon (TOC) can range from 0.1 per- 
cent in sandy sediments to 1 to 4 percent in silty harbor 
sediments and 10 to 20 percent in navigation channel 
sediments (Clarke andMcFarland, 1991). Longet al. (1995) 
reported an overall mean TOC concentration of 1.2 per- 
cent from data compiled from 350 publications for their 
biological effects database for sediments. Ingersoll et al. 
(1996) reported a mean TOC concentration of 2.7 percent 
with a 95 percent confidence interval of only 0.65 per- 
cent. In contrast, the concentration ranges of contami- 
nants normalized to dry weight typically varied by several 
orders of magnitude. Therefore, normalizing dry-weight 
concentrations to a relatively narrow range of TOC con- 
centrations had little influence on relative concentrations 
of contaminants among samples. Similar findings were 
reported by Barrick etal., (1988) for AETs andLong et al. 
(1995) for ERMs calculated using sediment concentra- 
tions normalized to TOC concentrations. 

Uncertainty associated with theequilibrium partition- 
ing theory fordeveloping draft SQCs and SQALs includes 
the degree to which the equilibrium partitioning model 

explains the available sediment toxicity data (USEPA, 
1993d).An analysis of varianceusing freshwater and salt- 
water organisms in water-only and sediment toxicity tests 
(using different sediments) was conducted to support 
development of the proposed sediment criteria. This 
analysis indicated that varying the exposure medium (i.e., 
water or sediment) resulted in an estimate of variability 
that should be used for computing confidence limits for 
the draft SQCs. The methodology used to derive the 
octanoVwater partitioning coefficient and the final chronic 
value can also influence the degree of uncertainty asso- 
ciated with the draft SQCs. Differences in the response 
of water column and benthic organisms, and limitations 
in understanding the relationship of individual and popu- 
lation effects to community-level effects, have also been 
noted (Mancini andplummer, 1994). Site-specific modifi- 
cations to screening values derived using the equilib- 
riumpartitioning model have been recommended to better 
address chemical bioavailability and species sensitivi- 
ties (USEPA, 1993h). Sediment chemistry screening val- 
ues developed using the equilibrium partitioning 
approach also do not address possible synergistic, an- 
tagonistic, or additive effects of contaminants. 

Based on the theoretical calculations used to com- 
pute SQAL values, it is possible that SQALs might be 
orders of magnitude larger or smaller than other screen- 
ing values used for the analysis @RLs/ERMs, PELsfELs, 
and AETs). This might be a result of the limited aquatic 
toxicity data used to develop SQAL values for some of 
the contaminants for which water quality criteria areun-
available. EPA did not develop SQALs for this analysis 
in those cases where toxicity data were considered inad- 
equate. The approach used to develop SQALs, and to 
choose chemicals for which SQALs could not be devel- 
oped, is presented in Appendix B. 

Fish Tissue Screening Values 

The approach used to assess sediment chemistry 
data for the potential to accumulate in fish tissue also 
represents a theoretical approach with field-measured 
components. In addition to applying a site-specific or 
default organic carbon content, the TBP calculation in- 
cludes a field-measured biota sediment accumulation fac- 
tor (BSAF) to account for the relativeaffinity of achemical 
for fish tissue lipids or sediment organic carbon. The 
BSAF will account for the effects of metabolism and 
biomagnification in the organismin which it is measured. 
The primary limitation of this approach is the applicabil- 
ity of a field-measured BSAF, or a percentile from a distr- 
bution of values, at a variety of sites where the conditions 
may vary. 



TBPs were assumed to be equivalent to levels de- 
tectable in fish tissue. However, this approach might not 
completely account for biomagnification in thefoodchain, 
especially when using a BSAF derived from a benthic 
organism. In addition, it is assumed that sediment does 
not move, that contaminant sources other than sediment 
are negligible, that fish migration does not occur, and 
that exposure is consistent. The TBP calculation assumes 
that various lipids in different organisms and organic car- 
bon in different sediments are similar and have distribu- 
tional properties similar to the field-measured values used 
to derive BSAFs. Other simplifying assumptions are that 
chemicalsare similarly exchanged between the sediments 
and tissues and that compounds behave alike, indepen- 
dent of site conditions other than organic carbon con- 
tent. In reality, physical-chemical processes (e.g., 
diffusion through porous media and sediment mixing) can 
vary and limit the rate at which chemicals can exchange 
with bottom sediments. Uptake of contaminants by 
aquatic organisms is also a kinetic (ratecontrolled) pro- 
cess that can vary and be slowed, for example, by awk- 
ward passage of a bulky molecule across biological 
membranes. Also, a BSAF of 1(thennodynamic equilib- 
rium) was used to estimate TBPs for many nonpolar or- 
ganics. This BSAF might overestimate or underestimate 
the bioaccumulative potential for certain nonpolar organic 
chemicals because it is assumed that there is no meta- 
bolic degradation or biotransformation of such chemi- 
cals. Site-specific organic carbon content was often not 
available, which leads to additional uncertainty concern- 
lng the comparability of BSAFs among different loca- 
tions. In addition, development of the BSAFs used in the 
TBP evaluation relied on a large amount of data that have 
not been published or peer-reviewed. Because of these 
factors, actual residue levels in fish resulting from direct 
and/or indirect exposure to contaminated sediment might 
be higher or lower. There is therefore uncertainty regard- 
ing sampling stations classifications based on compari- 

son of estimated TBPs with FDA tolerancelaction and 
guideline levels and EPA risk levels. 

TBPs could not be calculated for polar organic com- 
pounds or heavy metals. Therefore, sampling stations 
could not be classified using FDA levels or EPArisk lev- 
els for those chemicals using a TBP approach (although 
fish tissue monitoring data are often available for many 
stations). 

Uncemnties and numerous assumptions &re asso- 
ciated with exposure parameters and toxicity data used to 
derive EPA risk levels and FDA tolemce/action and guide- 
line levels. For example, the derivation of EPA risk levels 
is based on the assumption that an individual consumes 
on average 6.5 glday of fish caught from the same site 
over a 70-year period. Also, the TBP calculation for hu- 
man health assessments assumes fish tissue contains 3 
percent lipid. This value is intended to be indicative of 
the fillet rather than the whole body. Generally, theexpo- 
sure assumptions and safety factors incorporated into 
toxicity assessments might overestimate risks to the gen- 
eral population associated with sediment contamination, 
but might underestimate risks to populations of subsis- 
tence or recreational fishers. 

Other Limitations 

Because a numerical score was not assigned to each 
sampling station to indicate the level of contamination 
associated with that station, it is not possible to deter- 
mine which . ~ f  the stations in Tier 1 should be considered 
the "most" c~ntaminated. Such a numerical ranking sys- 
tem was intentionally not used for the NSI data evalua- 
tion because EPA does not believe that such ranking is 
appropriate for a screening-level analysis such as this, 
given the level of uncertainty. 



Chapter 6 

Recommendations 


The following discussion presents EPA's recom- 
mendations for addressing sediment con- 
tamination throughout the country and for im- 

proving the ability to conduct sediment quality assess- 
ments. These recommendations relate to five activities 
o r  information needs: 

1. 	 Further investigate conditions in the 96 targeted 
watersheds. 

2. 	 Coordinate efforts to address sediment quality 
through watershed management programs. 

3. 	 Incorporate a weight-of-evidence approach and 
measures of chemical bioavailability into sedi- 
ment monitoring programs. 

4. 	 Evaluate the National Sediment Inventory's 

. .(NSI's) coverage and capabilities and provide 
better access to information in the NSI. 

5. 	 Develop better monitoring and assessment 
tools. 

Recommendation 1: Further 
Investigate Conditions in the 96 
Targeted Watersheds 

To characterize the incidence and severity of sedi- 
ment contamination in the United States, EPA has per- 
formed a screening-level analysis of the information in 
the NSI, the results of which are presented in Chapter 3. 
As mentioned previously, the results of the NSI data 
evaluation alone should not be used as justification for 
taking corrective actions at potentially contaminated sites. 
The initial evaluation of NSI data was performed as a 
means of screening and targeting. Additional, site-spe- 
cific data and information should be gathered to verify 
the NSI evaluation results and to support a comprehen- 
sive assessment of the incidence and severity of sedi- 
ment contamination problems. 

The primary recommendation resulting from the NSI 
data analysis is to encourage further investigation and 

assessment of contaminated sediment. States, in coop- 
eration with EPA and other federal agencies, should pro- 
ceed with further evaluations of the 96 watersheds 
containing areas of probable concern for sediment con- 
tamination (APCs). In many cases, it is likely that much 
additional investigation and assessment has already oc- 
curred, especially in well known areas at risk for contami- 
nation. and some areas have been remediated. If active 
watershed management programs are in place, these 
evaluations should be coordinated within the context of 
current or planned actions. Future monitoring and as- 
sessment efforts should focus on areas such as the 57 
water body segments (or river reaches) located within 
the 96 watersheds containing APCs that had 10 or more 
stations categorized as Tier 1. The purpose of these ef- 
forts should be, as appropriate, to gather additional sedi- 
ment chemistry data and related biological data and 
conduct further assessments of the data to determine 
human health and ecological risk, determine temporal and 
spatial trends, identify potential sources of sediment con- 
tamination and determine whether potential sources are 
adequately controlled, and determine whether natural re- 
covery is a feasible option for risk reduction. Additional 
monitoring and analysis of data from the 96 watersheds 
containing APCs will also be used to track and document 
the effectiveness of management actions taken to ad- 
dress sediment contamination problems over time. Trends 
in sediment contamination in the 96 APCs over time will 
be reported in future reports to Congress. 

Available options for reducing health and environ- 
mental risks from contaminated sediment include physi- 
cal removal and land disposal; subaqueous capping; in 
situ or ex situ biological, physical/chemical, or thermal 
treatment to destroy or remove contaminants; and natu- 
ral recovery through continuing deposition of clean sedi- 
ment. Assuming further investigation reveals the need 
for management attention to reduce risks, the preferred 
means depends on factors such as the degree and extent 
of contamination, the value of the resource, the cost of 
available options, likely human and ecological exposure, 
and the acceptable time period for recovery. If risk man- 
agers anticipate a lengthy period of time prior to recovery 
of the systccm, state and local authorities can consider 



options such as placing a fish consumption advisory on 
water bodies or portions of water bodies where a signifi- 
cant human health risk exists. 

Many state and federal government monitoring pro- 
grams already do a good job of gathering data at loca- 
tions with known contamination problems (including some 
of the 96APCs), and additional monitoring at those loca- 
tions will probably not be necessary: However, for other 
locations not previously targeted for focused monitor- 
ing, additional data might be required to adequately as- 
sess potential sediment contamination problems, 
especially in areas where significant human health expo- 
sures occur. In addition, in some cases it might be neces- 
sary to conduct baseline studies to determine where to 
focus monitoring activities. 

Further investigation might reveal that risks are mini- 
mal or that natural recovery has diminished risk or will 
diminish risk in an acceptable time period, or  it might 
verify that current contamination is significant and un- 
likely to sufficiently improve under existing conditions. 
Following verification of sediment contamination prob- 
lems based on these additional assessments, appropriate 
actions (e.g.. remediation, permit review. TMDL assess- 
ment, best management practices for nonpoint sources, 
or "no action") should be taken to address the problem. 
In many cases, the mechanisms for corrective actions are 
already in place (e.g., permit review, TMDL assessments) 
and responsible parties have already been identified. In 
other cases, the states should work with EPA to deter- 
mine the best course of action. 

Recommendation 2: Coordinate 
Efforts to Address Sediment 
Quality Through Watershed 
Management Programs 

The watershed approach is a community-based wa- 
ter resource management framework that requires a high 
level of interprogram coordination to consider all factors 
contributing to water and sediment quality problems and 
to develop integrated, science-based, cost-effective so- 
lutions that involve all stakeholders. It is within the wa- 
tershed framework, therefore, that EPArecommends that 
federal, state, and local government agencies pool their 
resources and coordinate their efforts to address their 
common sediment contamination issues. These activi- 
ties should support efforts such as selection of future 
monitoring sites, setting of priorities for reissuance of 
NPDES permits, permit synchronization, total maximum 
daily load (TMDL) development, and pollutant trading 
between nonpoint and point sources. 

The NSI provides an important tool for targeting ef- 
forts to further investigate the 96 watersheds containing 
APCs. It is also useful for screening additional potential 
areas of concern where there are known data gaps. In 
addition, the targeting technique used for identifying the 
APCs is directly applicable to local-level analysis because 
it uses site-specific information. As theNSI is expanded. 
it will provide further information to help environmental 
managers better understand which of the Nation's water- 
sheds have sudiment contamination problems that pose 
the greatest risk to aquatic life and human health, and 
track progress in addressing those problems. 

There are many active watershed management ef- 
forts. EPA recommends strengthening and expanding 
these efforts, as appropriate, to better address sediment 
contamination issues. The majority of the NSI data were 
obtained by local watershed managers from monitoring 
programs targeted toward areas of known or suspected 
contamination. NSI data and evaluation results can as-
sist local watershed managers by providing additional 
data that they may not have, enabling them to compare 
their sites to others throughout the region or country, 
demonstrating the application of a weight-of-evidence 
approach for identifying and screening contaminated sedi- 
ment locations, and allowing researchers to draw upon a 
large data set of information to conduct new analyses 
that ultimately will be relevant for local assessments and 
responses. 

An important component of watershed management 
is to educate and engage all stakeholders in government, 
industry, and the community. The NSI can help explain 
the need to establish pollution prevention initiatives for 
point sources and nonpoint sources that might go be- 
yond current practices. For example, chemical use prac- 
tices in industry and by landowners, homeowners, and 
local governments might need to be changed to prevent, 
reduce, or eliminate potential sources of sediment con- 
taminants. 

Recommendation 3: Incorporate a 
Weight-of-Evidence Approach and 
Measures of Chemical 
Bioavailability into Sediment 
Monitoring Programs 

As stated in Chapter 2 of this volume, the ideal as- 
sessment methodology would be based on matched data 
sets of multiple types of sediment quality measures to 
take advant.tge of the strengths of each measurement 
type and to minimize their collective weaknesses. For 
example, sediment chemistry can indicate the amount of 



contaminant present, but cannot definitively indicate an 
effect. On the other hand, toxicity tests or benthic com-
munity surveys can indicate an effect, but cannot 
definitively implicate achemical cause. However,matched 
sediment chemistry data and toxicity tests, especially 
linked through innovative toxicity identification evalua-
tion (TIE)approaches, can provide a preponderance of 
evidence implicating a chemical cause of a biological ef-
fect. This advocacy of a weight-of-evidence approach is 
supported by the consensus of participants in an expert 
workshop on sediment ecological risk assessment spon-
sored by the Society of Environmental Toxicology and 
Chemistry held in Pacific Grove, California, in April 1995. 
These scientists concluded that no single approach pro-
vides the best answer for risk assessment, but each end-
point has strengths and weaknesses and the best 
approach is to use multiple endpoints (Ingersoll et al., 
1997). Toward this end, monitoring programs should be.~~ 

planned and executed to support weight-of-evidence 
assessments. 

EPA recommends that future sediment monitoring 
programs collect tissue residue, biological effects (i.e., 
toxicity, histopathology), and biological community (e.g., 
benthic abundance and diversity) measurements. These 
types of data are necessary to better assess actual ef-
fects resulting from exposure to contaminated sediment. 
Matched sediment chemistry and tissue residue data 
should be collected where human exposures are a con-
cern. In areas where aquatic life effects are a concern, 
monitoring programs should collect matched sediment 
chemistry and biological effects data and biological com-
munity measurements. There is a need to evaluate 
matched sediment chemistry and toxicity data to deter-
mine the predictive ability of screening values to cor-
rectly classify toxicity and minimize both Q p e  I (false 
positive) and p p e  I1 (false negative) errors. 

Collection of measures of chemical bioavailability is 
critical to the success of weight-of-evidence assessments. 
As noted in the previous chapter, a large number of sta-
tions had elevated concentrations of metals. However, 
many of these stations could not be categorized as Tier 1 
because of a lack of acid volatile sulfiide (AVS) and simul-
taneously extracted metals (SEM) data, which were re-
quired to place stations in the Tier 1category based on 
sediment contamination from cadmium, copper, nickel, 
lead, or zinc. AVS and SEM provide information neces-
sary to assess the bioavailability of metals in sediment, 
and future sediment monitoring programs should specify 
collection of AVS and SEM measurements where metals 
are a concern. 

Total organic carbon (TOC) data were also lacking 
for many monitoring stations with datain the NSI. TOC, 
like AVS and SEM, provides information related to the 
bioavailability of contaminants-in this case, nonionic 
organic chemicals. Because of the lack of site-specific 
TOC data, a default TOC value was used in the NSI evalu-
ation in the comparison of measured sediment chemistry 
values to screening values. This approach resulted in 
the possible overestimation or underestimation of poten-
tial impacts. Therefore,EPA recommends that future moni-
toring programs also include TOC measurements where 
organic chemicals are a concern. 

Recommendation 4: Evaluate the 
NSI's Coverage and Capabilities 
and Provide Better Access to 
Information in the NSI 

The NSI is currently limited in terms of the number of 
data sets it includes and the national coverage it pro-
vides. Over 50 percent of the monitoring stations evalu-
ated in the NSI are located in eight states (Washington, 
Florida, Illinois, California, Virginia, Ohio, Massachusetts, 
and Wisconsin). In addition, only 11 percent of all river 
reaches in the United States include one or more sam-
pling stations that were assessed as part of the NSI data 
evaluation. 

EPA should continue compiling sediment chemistry 
data and relilted biological data in the NSI to: 

Obtain a greater breadth of coverage across the 
United States. 

Increase the number of water bodies evaluated. 

Include additional data for more chemicals of 
concern. 

Provide more recent data for evaluation for fu-
ture reports to Congress. 

During the course of developing and compiling the 
NSI,commentators and reviewers identified several addi-
tional databases that should be included in the NSI for 
future evaluations. Those databases and others should 
be evaluated and added to the NSI in the future as appro-
priate. EPA plans to obtain the most recent data from 
databases currently in the NSI (e.g., STORET and ODES) 
and add new data from recent monitoring efforts targeted 
at specific water bodies, states, or other areas that are 
currently underrepresented in the NSI. 



Although some historical trend information is avail-
able, a comprehensive assessment of temporal trends is 
not presented in the current report to Congress. EPA 
should consider whether to design future evaluations of 
the NSI data todetermine where and why sediment qual-
ity conditions are improving or worsening. EPA plans to 
develop an approach for assessing temporal trends that 
might include, forexample, a statisticalanalysis of recent 
and older data from national databases that are updated 
on a regular basis, such as STORET, ODES, and the Na-
tional Oceanicand AtmosphericAdministration's NS&T 
database. In addition, in the search for additional data-

* Demonstrate the need for safer or biodegrad-
ablechemicals. 

Determinerelative risk compared to other prob-
lems. 

At the state and watershed level, better access to 
NSI informationcan help in: 

Educating and involving the public. 

Setting goals and prioritizing activities and ex-
penditures. 

bases for use in future NSI data evaluations, EPA should 
focus on obtaining sediment core data, which can pro-

* Evaluating the adequacy and effectiveness of 

vide valuable informationconcerning historical trends in control actions, clean-up activities, and other-
sediment contamination. An assessment of temwral management actions. 

trends in sediment contamination will provide valuable Related to source identification are plans under way
information concerning the effectiveness of measures at the A~~~~~for one-stop of and access to
taken to control the release of sediment contaminants. integrated information about the environmental oerfor-

The NSI can be a powerful tool for water resource 
managers at the national, regional, state, watershed, and 
water body levels. It provides in a single place a wealth 
of information that could be very useful, especially with 
improved access and availability. Multiple agencies 
should have access to the same data for decision makers 
in regional management, state-level management, and 
watershed-levelmanagement. 

Plans are under development to make this happen. 
By the summer of 1997the NSI data, organizedby water-
shed and including maps and summary tables, should be 
availableon EPA's mainframecomputer foron-screen view-
ing and download. In addition, near future plans are to 
make this informationavailableon EPA's World Wide Web 
site. EPA has also included the NSI data in its comore-

mance and emissionsof majorindustrial facilitiesa& other 
pollution sources. States and EPA will give every major 
industrial facility and other type of facility generating, 
storing, and disposing of hazardous and toxic wastes a 
unique identtfying number. This number will be used by 
states and EPA to link all environmental information re-
lated to the facility. NSI development will be linked to 
these Agency-level efforts. 

Interagvncy and intergovernmental cooperation is 
essential for enhancing NSI information, coverage, and 
comprehensiveness. Reportingof water quality informa-
tion and environmental indicator development at the Of-
ficeof Water are important ongoing efforts related to the 
collection of information from state agencies (through 
30S(b) reporting), other federal agencies, and the private 

~ ~~~~ r ~ -

hensive GIS/modeling system, BASINS (Better ~ s s e s ~ .  SCCIOr. Effortsfor futuredata collection for the ~ ~ f s h o u l d  
ment Science Integrating Point and Nonpoinr Sources). be integrated into these related initiatives. 

Future activities should include the addition of the NSI 
evaluation tools to BASINS to allow users to query the 
NSI evaluation results. For managers, this could be use-
ful for identifying watersheds, water bodies, or sampling 
stations where various sediment chemistry and/or bio-
logical screening values have been exceeded. Identify-
ing potential point and nonpoint sources of sediment 
contaminants is also critical. 

Increased access to data and information in the NSI 
has many implications. At the national level, the data 
and informationcan: 

Demonstrate the need and provide impetus for 
increased pollution prevention efforts. 

Recommendation 5: Develop Better 
Monitoring and Assessment Tools 

The National Sediment Quality Survey is the first 
attemptto analyzesedimentchemistryand biological data 
from numerous databases from across the country in an 
effort to identify the national incidence and severity of 
sedimentcontamination. Because thedata were not gen-
erated by a :single monitoring program designed at the 
outset to provide this national picture, numerous hurdles 
had to be overcome to analyze the data with as little bias 
and as much scientific validityas possible. This exercise 
itself provided an opportunity to assess the needs to 
develop better basic and applied science with respect to 
sediment chemistry data and related biological data. 



To ensure effective quality control and quality as-
surancemanagement,monitoringprogramsshould adopt 
standard sample collection, storage, analyses, and docu-
mentation procedures. Lack of available quality control 
information and the recognized limitations of some past 
sampling and analyses methods necessarily restricts the 
interpretation of much of the historical data base. How-
ever, these limitations should be eliminated in the future 
through current practices such as "clean"laboratory tech-
niques, lowered analytical detection limits, and better 
record keeping. Modernization of federal and other data 
repositories to accommodate the storage of much addi-
tional valuable and relevant information should help fa-
cilitate the process. 

During the evaluationof information in the NSI, ana-
lysts continuallycame up against the limitationsof avail-
able tools and techniques to assess the sediment 
contaminantinformation. Althoughscreeningvalueswere 
adopted or developed for the NSI data evaluation wher-
ever feasible,many data for somepotentially harmful con-
taminants were not evaluated. For example, many 
contaminants included in the NSI,such as kepone and 
tributyl tin, could not be evaluateddue to a lack of appro-
priate screening values for comparison with measured 
values. 

The sediment quality evaluation tools used for the 
current NSI data evaluation should be used as the basis 
for further methods development. As sediment quality 
data become more available and the state of the science 
for sediment assessment evolves, assessment methods 
will also evolve. For example, new and better screening 
values and laboratory tests for biological effects will be 
developed. EPA should incorporate new sediment as-
sessment techniques into future NSI data evaluations as 
they are developed, tested, and proven reliable. For ex-

ample, although biological community data were included 
in the NSI, the data were not evaluated for this report to 
Congress because there is little agreement among sedi-
ment assessment experts concerning biological commu-
nity conditions that can be directly related to sediment 
quality problems. EPA should work to develop these and 
other sedimrnt assessment tools for future assessments. 
EPA needs to evaluate the ecological relevance of the 
assessment tools used to evaluate contaminated sedi-
ment. 

Other relevant issues and science needs that should 
be addressed to better characterize the sources, fate, and 
effects of sediment contaminants include: 

* Methods to better predict the fate and transport 
of sediment contaminants. 

Methods to predict or trackatmospheric sources 
and cross-media transfers of sediment contami-
nants such as mercury, pesticides, PCBs, and 
PAHs. 

Bioavailability of compounds other than non-
ionic organics. 

Estimates of land use impacts on sediment con-
ditions (predictivecapabilities). 

Methodsfor fingerprintingchemicals for source 
identification. 

In the context of the budget process, EPA and other 
federalagenciesshouldevaluate whether to request fund-
ing to support the development of tools to better charac-
terize the sources, fate, and effects of sediment contami-
nants. 





Glossary 
Acid-volatile sulfide (AVS): Reactive solid-phase 

sulfide fraction that can be extracted by cold hydrochlo- 
ric acid. Appears to control the bioavailability of most 
divalent metal ions because of the sulfide ions' high af- 
finity for divalent metals, resulting in the formation of 
insoluble metal sulfides in anaerobic (anoxic) sediments. 

Acute toxicity: Immediate or short-term response of 
an organism to a chemical substance. Refers to general- 
ized toxic response with lethality usually being the ob- 
served endpoint. 

Apparent Effects Thresholds (AETs): Sediment 
chemistry screening values based on a biological effects 
correlation approach. The AET is the highest concen- 
tration at which statistically significant differences in 
oberseved adverse biological effects from reference con- 
ditions do not occur, providedthatthe concentration also 
is associated with observance of a statistically signifi- 
cant difference in adverse biological effects. Based on 
empirical data from Puget Sound. EPA defined the AET- 
low as the lowest AET among applicable biological indi- 
cators, and the AET-high as the highest AET among 
applicable biological indicators. 

Benthic abundance: The quantity or relative degree 
of plentifulness of organisms living in or on the bottom 
of streams, rivers, or oceans. 

Benthic organisms: Species living in or on the bot- 
tom of streams, rivers, or oceans. 

Bioavailability: The fraction of chemical present that 
is available for uptake by aquatic organisms. 

Biological community: An assemblage of organ- 
isms that are associated in a common environment and 
interact with each other in aself-sustaining and self-regu- 
lating relationship. 

Biological effects correlation approach: A method 
for relating the incidence of adverse biological effects to 
the dry-weight sediment concentration of a specific chemi- 
cal at a particular site based on the evaluation of paired 
field and laboratory data. Exceedance of the identified 
level of concern concentration is associated with a likeli- 

hood of adverse organism response, but does not dem- 
onstrate that a particular chemical is solely responsible. 

Cataloging unit: Sometimes referred to as a hydro- 
logic unit, corresponds to a watershed that was delin- 
eated by the U.S. Geological Survey. A watershed is an 
area that drains ultimately to a particular watercourse of 
body of water. There are approximately 2,100 cataloging 
units in the contiguous United States, which are, on av- 
erage, somewhat larger than counties. Each cataloging 
unit is uniquely identified with an 8-digit hydrologic unit 
code (HUC). 

Chronic toxicity: Response of an organism to re- 
peated, long-termexposure to a chemical substance. '&pi- 
cal observed endpoints include growth and reproduction. 

Combined sewer overflow: A discharge of amixture 
of storm water and untreated domestic wastewater that 
occurs when the flow capacity of a sewer system is ex- 
ceeded during a rainstorm. 

Contaminated sediment: Sediment that contains 
chemical substances at concentrations that pose a known 
or suspected threat to aquatic life, wildlife, or human 
health. 

Demersal species: Swimming organisms that prefer 
to spend the majority of their time on or near the bottom 
of a water body. 

Divalent metals: Metals that are available for reac- 
tion in a valence state of two (i.e., canying a positive 
electric charge of two units). 

Ecosystem: An ecological unit consisting of both 
the biotic communities and the nonliving (abiotic) envi- 
ronment, which interact to produce a system which can 
be defined by its functionality and structure. 

Effects range-median (ERM) and effects range-low 
(ERL) values: Sediment chemistry screening values 
based on a biological effects correlation approach. Rep- 
resent chemical concentration ranges that are rarely (i.e., 
below theERL), sometimes (i.e., between ERLand ERM), 
and usually (i.e., above the ERM) associated with toxic- 



ity for marine and estuarine sediments. Ranges are de- 
fined by the tenth percentile and fiftieth percentile of the 
distribution of contaminant concentrations associated 
with adverse biological effects. 

Elutriate phase toxicity test: Toxicity test in which 
sediments aremixed with test water for a fixed period of 
time, the test water is then siphoned off, and test organ- 
isms are introduced to the test water (the elutriate) in the 
absence of sediments. Useful for representing the expo- 
sure to chemicals that can occur after sediments have 
been resuspended into the water column or after they 
have passed through the water column as part of dredged 
material disposal operations. 

Equilibrium concentration: The concentration at 
which a system is in balance due to equal action by op- 
posing forces within the system. When the partitioning 
of a nonionic organic chemical between organic carbon 
and pore water and partitioning of a divalent metal be- 
tween solid and solution phases are assumed to be at 
equilibrium, an organism in the sediment is assumed to 
receive an equivalent exposure to the contaminant from 
water only or from any equilibrated phase. The pathway 
of exposure might include pore water (respiration), sedi- 
ment carbon (ingestion), sediment organism (ingestion), 
or a combination of routes. 

EquilibriumparIitioning(EqP) approach: Approach 
used to relate the dry-weight sediment concentration of 
a particular chemical that causes an adverse biological 
effect to the equivalent free chemical concentration in 
pore water and to that concentration sorbed to sediment 
organic carbon or bound to sulfide. Based on the theory 
that the partitioning of a nonionic organic chemical be- 
tween organic carbon and pore water and the partition- 
ing of a divalent metal between the solid and solution 
phases are at equilibrium. 

Histopathology: The study of diseases associated 
with tissue changes or effects. 

Hydrology: A science dealing with the propehes, 
distribution, and circulation of water on the surface of 
the land, in the soil, and in the atmosphere. 

Interstitial water: Water in an opening or space, as 
between rock, soil, or sediment (i.e., pore water). 

Miawbial toxicity test: Typeof toxicity test in which 
members of the microbial community (i.e., bacteria) are 
used as the test organism. Microbial responses in toxic- 
ity tests have been recommended as early warning indi- 
cators of ecosystem stress. However, questions have 

been raised concerning the sensitivity of sediment mi-
crobial toxicity testing. 

M o k  concentration: The ratio of the number of 
moles (chemical unit referring to the amount of an ele- 
ment having a mass in grams numerically equal to its 
atomic weight) of solute (the substance being dissolved 
or that present in the smaller propofion) in a solution 
divided by the volume of the solution expressed in liters. 

National Sediment Inventory(NS1): A national corn-
pilation of sediment quality data and related biological 
data. Results of the evaluation of data from the NSI serve 
as the basis for the report to Congress on the incidence 
and severity of sediment contamination across the coun- 
try (i.e., the National Sediment Quality Survey). Eventu- 
ally, all compiled NSI data will be incorporated into the 
new, modemized STORET, where they will be permanently 
stored. 

Nonionic organic chemicals: Compounds that do 
not formionic bonds (bonds in which the electrical charge 
between bonded atoms in the compound is unequally 
shared). Nonionic compounds do not break into ions 
when dissolved in water and therefore are more likely to 
remain in contact with and interact with sediment com- 
pounds or other compounds in water. 

Nonpoint source pollution: Pollution from diffuse 
sources without a single point of origin or pollution not 
introduced into a receiving stream from a specific outlet. 
Such pollutants aregenerally carried off the land by storm 
water runoff. Sources of nonpoint source pollution in- 
clude atmospheric deposition, agriculture, silviculture, 
urban runoff, mining, construction, dams and channels, 
inappropriate landdisposal of waste, and saltwater intru- 
sion. 

Nonpolar organic chemicals: Compounds that do 
not exhibit a strong dipole moment (there is little differ- 
ence between the electrostatic forces holding the chemi- 
cal together). Nonpolar compounds tend to be less soluble 
in water. In aquatic systems, nonpolarchemicals aremore 
likely to be associated with sediments or other nonpolar 
compounds than with the surrounding water. 

Point source pollution: Pollution contributed by any 
discernible, confined, and discrete conveyance includ- 
ing, but not limited to, any pipe, ditch, channel, tunnel, 
conduit, well, discrete fissure, container, rolling stock, 
concentrated animal feeding operation, or vessel or other 
floating craft, from which pollutants are or may be dis- 
charged. 



Pore water: SeeInterstitial water. 

Probable effects levels (PELS) and threshold efPects 
levels (TELs): Biological effects correlation-based sedi- 
ment chemistry screening values similar to ERMsERLs. 
A generalized approach used to develop effects-based 
guidelines for the state of Florida and others. The lower 
of the two guidelines for each chemical (i.e., the TEL) is 
assumed to represent the concentration below which toxic 
effects rarely occur. In the range of concentrations be- 
tween the two guidelines, effects occasionally occur. 
Toxic effects usually or frequently occur at concentra- 
tions above the upper guideline value (i.e., the PEL). 
Ranges are defined by specific percentiles of both the 
distribution of contaminant concentrations associated 
with adverse biological efects and the "no effects" distri- 
bution. 

River Reach: A stream segment between the coo- 
secutive confluences of a stream. Most river reaches 
represent simple sveams and rivers, while some river 
reaches represent the shoreline of wide rivers, lakes, and 
coastlines. EPA's River Reach File 1 (RFI) was completed 
for the contiguous United States in the mid-1980s and 
includes approximately 68,000 riverreaches. The average 
length of a river reach is 10 miles. The more detailed 
version of the Reach File (RF3) was not used for the Na- 
tional Sediment Inventory. 

Sampling Station: A specific location associated 
with latitudenongitude coordinates where data have been 
collected. Defined by the data source, sponsoring agency, 
and station identification code. Multiple sampling sta- 
tions can have the same latitude/longitude coordinates if 
labeled with a different station identification code for sam- 
pling performed on different dates or by different spon- 
soring agencies. 

Sediment quality advisory levels (SQALs): Equilib- 
riumpartitioning-based sediment chemistry screening val- 
ues. Derived using the same approach used to develop 
sedimentquality criteria; however, SQALs may be based 
on a limited set of aquatic toxicity data. 

Sediment quality criteria (SQCs): Published draft 
sediment quality criteria for the protection of aquatic Life. 
Based on the equilibrium partitioning-based approach 
using the highest quality toxicity and octanouwater par- 
titioning data, which have been reviewed extensively. 
Draft SQCs have been developed by EPA for five non- 

ionic organic chemicals: acenaphthalene, dieldrin, en- 
drin, fluoranthene, and phenanthrene. 

Simultaneously extraded metals (SEM): Metal con- 
centrations that are extracted during the same analysis in 
which the acid-volatile sulfide (AVS) content of the sedi- 
ment is determined. 

Solid-phase toxicity test: A toxicity test in which 
test organisms are exposed directly to sediments. Sedi- 
ments are carefully placed in the exposure chamber and 
the chamber is then filled with clean water. Resuspended 
particles are allowed to settle before initiation of expo- 
sure. Solid-phase toxicity tests integrate multiple expo- 
sureroutes, including chemical intake fromdermal contact 
with sediment particles as well as ingestion of sediment 
particles, interstitial water, and food organisms. 

Theoretical hioaccumulation potential (TBP): An 
estimate of the equilibrium concentration of a contami- 
nant in tissues if the sediment in question were the only 
source of contamination to the organism. TBP is esti- 
mated from the organic carbon content of the sediment. 
the lipid content of the organism, and the relative affini- 
ties of the chemical for sediment organic carbon and ani- 
mal lipid content. 

Total organic carbon (TOC): A measure of the or- 
ganic carbon content of sediment expressed as a percent. 
Used to normalize the dry-weight sediment concentra- 
tion of a chemical to the organic carbon content of the 
sediment. 

U.S. Environmental Protection Agency (EPA) risk 
levels: Levels of contaminant concentrations in an expo- 
sure medium that pose a potential carcinogenic risk (e.g., 
lo', or a 1 in 100,000 extra chance of cancer over a life- 
time) andlor noncancer hazard (i.e., exceeds a reference 
dose). Used in this document to estimate human health 
risk associated with the consumption of chemically con- 
taminated fish tissue. 

U.S. Fooda n d m  Adminishiion P A )  tolerancd 
action or guideline levels: FDA has prescribed levels of 
contaminants that will render a food "adulterated." The 
establishment of action levels (the level of a food con- 
taminant to which consumers can be safely exposed) or 
tolerances (regulations having the force of law) is the 
regulatory procedure employed by FDA to control envi- 
ronmental contaminants in the commercial food supply. 





Acronyms 
AET: 	 apparent effects threshold NSI: National Sediment Inventory 

APC: 	 area of probable concern for sediment con- NURP: National Urban Runoff Program 
tamination 

ODES: Ocean Data Evaluation System 
AVS: acid volatile sulfide 

OST: Officeof Science and Technology, U. S. En- 
BASINS: Better Assessment Science Integrating vironmental Protection Anencv - .  

Point and Nonpoint Sources ( E ~ ~ m o d e C  
ing tool) PAH: polynuclear aromatic hydrocarbon 

BSAF: biota-sediment accumulation factor PCB: polychlorinated biphenyls 

CAA: Clean Air Act PCS: Permit Compliance System 

CAS: Chemical Abstract Service PEL: probable effects level 

COSED: Coastal Sediment Inventory QAIQC: quality assurancelqual~ty control 

CWA: Clean Water Act RCRA: Resource Conservation and Recovery Act 

CZMA: Coastal Zone Management Act RF1: River Reach File 1 

DMATS: Dredged Material Tracking System SEM: simultaneously extracted metals 

EMAP: Environmental Monitoring and Assessment SQAL: sediment quality advisory level 
Program SQC: sediment quality criteria 

EPA: U. S. Environmental Protection Agency 
STORET: Storage and Retrieval System 

ERL: effects range-low value 
TBP: theoretical bioaccumulation potential 

ERM: effects range-median value 
TEL: threshold effects level 

FDA: Food and Drug Administration 
TIE: toxicity identification evaluation 

FIFRA: Federal Insecticide, Fungicide, and Roden- ,. 
ticide Act 	 TMDL: total maximum daily load 

MPRSA: 	Marine Protection, Research, and Sanctu- TOC: total organic carbon 
aries Act TRI: Toxic Release Inventory 

NEPA: 	 National Environmental Policy Act TSCA: Toxic Substance Control Act 

NOAA: National Oceanic and Atmospheric Admin- USACE: U. S.Army Corps of Engineers 
istration 

USGS: U. S. Geological Survey 
NPDES: 	 National Pollutant Discharge Elimination 

System WRDA: Water Resources Development Act of 1992 
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Appendix A 


Detailed Description of 
NSI Data 
Sources of the NSI Data 

The scope of the data compilation component of the NSI was to collect, review, and compile readily available 
data that could be used to evaluate the incidence of sediment contamination throughout the United States. 
As a result, emphasis was placed on gathering data sets with sediment chemistry data since those were the 

most prevalent data available on a national basis. The minimum data elements for inclusion in the NSI were date of 
sample collection, latitude/longitude, reliable units (e.g.. mgkg), and source of data. The electronic data sources 
used for the NSI are listed below. 

EPA's Storage and Retrieval System (STORET) 

EPA's Ocean Data Evaluation System (ODES) 

NOAA's Coastal Sediment Inventory (COSED) 

EPA Region 4's Sediment Quality Inventory 

EPA Gulf of Mexico Program's Contaminated Sediment Inventory 

EPA Region IOICOE Seattle District Sediment Inventory 

EPA's Great Lakes Data Base 

EPA's Environmental Monitoring and Assessment Program (EMAP) 

EPA Region 9 Dredged Material Tracking System (DMATS) 

USGS Massachusetts Bay Data (metals only) 

National Source Inventory (PCS and TRI) 


In several cases, the readily available data sources for the NSI were compilations of existing data. For example, the 
EPA Gulf of Mexico Program's Contaminated Sediment Inventory included data from ODES, STORET, and EMAP. 
Since those data sources had been reviewed independently, they were deleted from the Gulf of Mexico Inventory 
before that data set was added to the NSI. A similar screening of data was conducted for the other data sets included in 
the NSI. Below is a summary of the remaining contributors to the individual data sets: 

STORET 	 Numerous federal and state agencies 

ODES 	 Boston Harbor Tennessee 
Masschusetts Bay Kentucky 
Cape Arundel Florida 
City of Gloucester GLNPOIARCS 
Mile 106 Galveston Bay 
South Carolina San Diego Pre30l(h) 
Alabama Orange County 301(h) 
Mississippi Oxnard 301(h) 
Georgia Los Angeles 301(h) 
North Carolina Thums Ocean Dumping 
Encina 301(h) Puget Sound 
Morro Bay 301(h) Anchorage 
Hyperion 301(h) Endicott 403tc) 



Goleta 301(h) 
San Francisco NEP 
LA2 Ocean Dumping 
LA5 Ocean Dumping 

COSED 	 NOAA NS&T 

Region 4 	 City of Tampa 
Dept of Navy 
EPA Region 4 
Florida DER 
South Florida Water Mgmt Dist. 
USACE 

Gulf of Mexico 	 ADEM (Mobile) 
Amy Corps Eng. 
EPA-Houston 
ERL-N 
GCRL, Mississippi 

Seattle COE 	 Department of Social and Health Services 
Department of Ecology 
U.S. Fisb and Wildlife Service 
Puget Sound Water Quality Authority 
Tetra Tech, Inc. 
Department of Fisheries 
Department of Natural Resources 
Department of Wildlife 
EPA Region 10 
Batelle Northwest Sequim Laboratory 
Environmental Systems Corporation 
Department of Health 
College of Ocean and Fisheries Science 
PTIEnvironmental Services 
National Oceanic and Atmospheric Admin. Fisb 

and Wildlife Health Consultants 
City of Bellingham 
U.S. Army Corps of Engineers, Seattle 
Columbia Northwest, Inc. 
Hulben Mill 
King County 
Municipality of Metropolitan Seattle 
Wildlife Health Consultants 
U.S. Navy 
City of Olympia, LOTT treatment plant 
Port of Bellingham 
Port of Everett 
Port of Olympia 
Port of Port Townsend 
Thurston County Dept of Public Health 
U.S. Coast Guard 

Great Lakes 	 Heidelberg College, Tiffin, Ohio 
Illinois EPA 
Michigan Tech. Univ., Houghton. MI 

Kupmk STP 403(c) 
Prudhoe Bay 403(c) 
Port Valdez 403(c) 

Ed Long 

USACE, Jacksonville 
USACE, Mobile 
USACE, Savannah 
USACE, Wilmington 
USEWS 

TVA 
USACE (Mobile) 
USEPA Region 6 
USGS 

Department of Parks and Recreation 
Environmental Information Consultants 
South. CA Coastal Water Research 

Proj., Army Corps of Engineers, San 
Francisco 

Environmental Science Associates, Inc. 
E.V.S. Consultants, Sausalito, CA 
Marine Bioassay Labs, Watsonville, 

C A 
MEC Analytical Systems, Watsonville, 

C A 
San Francisco Port Commission 
ToxScan, Inc., Watsonville, CA 
Tetra Tech, Inc., Lafayette, CA 
Port of Grays Harbor 
Port of Tacoma 
Tristar Marine 
Morton Marine 
Port of Seattle 
South Park Marina 
U.S. Oil and Refining Company 
Weyerhauser 
Day Island Yacht Club 
Shell Oil 
Capital Regional District, Victoria, BC 
Environment Canada Greater 

Vancouver Regional District 
E.V.S. Consultants, Seattle, WA 
E.V.S. Consultants, Vancouver, BC 
British Petroleum Oil Company 
American Petroleum Institute 

US Army COE, Buffalo District 
Beak Consultants, Inc 
Ontario Ministry of the Environment 



EMAP 

DMATS 

USGS 
Massachusetts 
Bay 

USGS 
Massachusetts 
Bay 

Univ. of Wisconsin-Superior.WI 
Michigan Dept. Natural Resources 
Ohio EPA 
Illinois Geological Sulvey 
USEPA-GLNPO 
USEPA-ERLDuluth 

Louisianian Province 

USEPA Region 9 


A.D. Little, 1990 

ACE-NED permit file $29-91-00473E 

ACE-NED permit file 199102068 

ACE-NED permit file 09-89-2777 

ACE-NED permit file 09-89-530 

ACE-NED permit file 1989-2911 

ACE-NED permit file 199101096 

ACLNED permit file 20-87-20M 

ACE-NED permit file 20-89-2206 

ACE-NED permit file 22-87-927 

ACE-NED permit file 23-198902070 

ACE-NED permit file 24-87-912 

ACE-NED permit file 24-89-1180 

A C E J E D  permit file 25-81-374 

ACE-NED permit file 25-86-1007 

ACE-NED permit file 25-86-290E 

ACE-NED permit file 25-86-641 

ACE-NED permit file Boston Harbor 

ACE-NED permit file Bridge marine Salisbury, MA 

ACE-NED permit file CENED-OR (1145-2-303b) 

ACE-NED permit file HULL-72-CHA30 

ACE-NED permit file Long Wharf Boston 


ACE-NED permit file MA DPW Beverly-Salem Bridge 
and By-Pass Project 

ACE-NED permit file 
MA-HULL-81-180 
ACE-NED permit file MA-HULL-84-210 
ACE-NED permit file MWRA- Stoney Brook Conduit 
ACE-NED permit file Massport Bird Island Flats -

Harbonvalk phase 111 

ACE-NED permit file Navigation Improvement Study 

Dredge Material Disposal Plan Supplement to Feasibility 


Rep

USACOE, 198 1 

Wong, 1983 

USEPA MBDS, 1989 

USACOE, 1990b (DAMOS) 


Aqua Tech. Melmore, OHEG&G 
BionomicdAqua Tech Environ. Cnstlt. 
Applied Biology. Inc., Decatur, GA 
Recra Research, Inc., Tonawanda, NY 
USFWS, Columbia, MO - ARCS 
Michigan State University 

Virginian Province 

ACEBED permit file Navigation 
Improvement Study Feasibility 
Report and Environmental 
Assessment; Mystic RI 

ACE-NED permit file Navigation 

Improvement Study Dredge 

Material Disposal Plan Supplement 

toFeasibility Rep 


Boehm, 1983 

Bajek, 1983 

Battelle, 1984; 1987 a, b 
Boehm & Farrington, 1984 

Boehm et al., 1984 

CDM, 1980 

Cudmore, 1988 

Enseco, 1987a 

Enseco, 1987b 

GCA Corp., 1982 

Gardner et al., 1986 

Gardner et al., 1988 

Hubbard, 1987 

Jason M. Cortell & Assoc.. 1982 


Jason Cortell, 1990 

MA DEQE, 1985 

MA DEQE, 1986 MA DPW, 1991 

MA DEQE, 1982 

MacDonald, 1991 

NET Atlantic, 1990 

Nolan et al., 1981 

Penney et al., 1981 

Phillips, 1985 

h e l l  et al., 1989 

Ryan et al., 1982 

Robinson et al., 1990 

Shea el al., 1991 

Shiaris el al., 1986 


Types of Data Included in the NSI 

In addition to sediment chemistry data, tissue residue, benthic abundance, toxicity (solid-phase and eluuiate), 
histopathology, and fish abundance data have been gathered and included in the NSI, although only the sediment 
chemistry, tissue residue, and toxicity data have been evaluated for this report to Congress. The NSI also includes 



loadings data from the Permit Compliance System PCS) and the Toxic Release Inventory (TRI). A summary of the 
types of data available in the NSI is provided below. 

Sedimentchemistry. Sediment chemistry data includedetailed analytical results, analyte sampled,remark codes, 
sampling methods, analyticalmethods, sampleweight, core depths, and grain size information. Percentorganic carbon 
and acid-volatile sulfidecontent of sediments are also included when available. 

Tissue residue. Tissue residue data include detailed analytical results, analyte sampled, remark codes, sampling 
methods, clean-up procedures, analytical methods, species, sex, anatomy sampled, life stage, and wettdry reporting 
basis. 

Toxicity. Toxicity data include test conditions (DO, pH, flushing hardness, feeding, salinity, etc.), test species, 
dilution, endpoints (e.g., mortality), and test duration. Solid-phase and elutriate data are provided when available. 

Benthic abundance. Benthic abundance data include enumeration of species collected and numerous commu-
nity-level summarieslindices. 

Histopathology. Histopathology data include the number of fish with body, branchial, and buccal pathologies; 
number of species; and abundance. 

Fish abundance. Fish abundance data include mean and standard deviation of fish length and abundance of 
species. 

For each data set included in the NSI. Table A-1 identifies the number of sampling stations at which the following 
parameters were measured: 

Sediment chemistry 
Tissue residue 
Benthic ahundance 
Toxicity 
Histopathology 
Matched data 
- sediment chemistry and tissue residue- sediment chemistry and benthic ahundance - sediment chemistry and toxicity 
- sediment chemistry and histopathology- sediment chemistry, tissue residue, and toxicity- sediment chemistry,benthic abundance, and toxicity 

Table A-2 presents the total number of sampling stations at which each of these parameters was measured and the 
number of sampling stations for which coordinates (i.e., latituddlongitude) were available. Only data from sampling 
stations with coordinates could be used to classify sampling stations into Tier 1, Tier 2, or Tier 3. 

How the Data Are Organized 

The NSI data are contained in a series of tables that correspond to the different types of data described above. In 
some cases multiple tables were created for one type of data. The primary table in the NSI is the station table. Each 
record in the table corresponds to a unique sampling station. The records in the station table can be related to tables for 
each type of data, such as sediment chemistry data, tissue residue data, etc. These tables can then be related to addi-
tional look-up tables that include ancillary information such as chemical or species names. Figure A-l illustrates the 
relationship between the station, sediment chemistry, tissue residue, toxicity, and related took-up tables. 

Table A-3 summarizes the tables available in version 1.1 of the NSI (the current version). Some of these 
tables have not required updating since version 1.0 of the NSI (the version used to prepare the preliminary 





Table A-2. Number of Sampling Stations With Data Included in the NSI 

Measurement Parameters 

Sedinent Cherrdshy 

TOC 

AVS 

npsue Residue 

Toxicity 

5 t M t e  Phase 

Solid Phse 

Benthic Abundance 

Histopathobgy 

Sedimnt Cherrdshy& npsue 

Sedimnt Chedtry.Tssue, & Toxici I 389 359 1 

Sedimnt Ckdhy,Todcity, & Abundance 848 I 733 1 3 

Sedimnt Chedhy& Toxici 

Sedimnt Ckmishy& Abundance 

Sedimnt Chen6shy& Histopathology 

'Total number of stations with coordinates = 25.555. 

Total Number of 
Statbrn 

21,093 

6,170 

425 

8,206 

2,343 

630 

1,865 

3,904 

259 

1.963 

evaluation of sediment chemistry data described in Chapter 2). Key changes to the data set from version 1.0 
include the following: 

1.801 

1,939 

259 

Inclusion of Regionallstatereview codes. (See data element NSIREVCDin tables ALLSEDI and ALLTISS.) 

Statlorn with Cootdhlates 

37 1 

7.208 

1,523 

-
-

1,844 

259 

1.930 

Resolution of species codes for tissue residuedata. 

Nuder  

19,546 

5,335 

1 

28 

6 

-
-

7 

1 

8 

1,263 

1,340 

259 

Inclusion of biotoxicity control data for EMAP programs. 

% of Total Nllmher 
of Statiorn 

MCootdhlates' 

76 
-

21 

-

5 

5 

1 

Revised loadings data from Permit Compliance System (PCS) and Toxic Release Inventory (TRI). Facili-
ties with no loadings data are included as a separate table. 

Inclusion of species information and toxicity phase for purposes of the NSI evaluation methodology, 

The remainder of this section contains a listing of the field names and descriptions associated with each 
table in the NSI. 



I 

SEDIMENT CHEMISTRY 

I SOURCEPARM 

I 

SEDIMENT CHEMISTRY 
VARIABLE NAME 

SOURCUPARM 

I 

STATION 
-

SOURCElAGENCYl 
STATION 

-
-
-

TISSUE RESIDUE 

SOURCUAGENCY 
STATION 

SOURCEPARM 

SPECCODE -

TISSUE RESIDUE 
VARIABLE NAME 

SOURCUPARM 

SPECIES NAME AND 
LIFE HISTORY 

SPECCODE 

-

TOXICITY 

SOURCUAGENCY 
STATION 

SPECIES NAME AND 
TOXICITY PHASE USED 

IN NSI EVALUATION 

SOURCUSPECCODU 
PHASE 

SOURCEISPECCODU 
PHASE 

I 
Figure A-1. Organizationof NSIData. 

I 



Table A-3. Data Tables 

Table Name 

ALLSTAT.DBF 

ALLSEDLDBF 

ALLTISS.DBF 

ALLBIOT.DBF 

ALLSEDM.DBF 

ALLTISM.DBP 

ALLELUT.DBF 

LOADD.DBF 

LOADS.DBF 

LOADO.DBF 

BIOTCODE.DBF 

ELUTPARM.DBF 

SED-PARM.DBF 

TIS-CODE.DBF 

TIS-PARM.DBF 

SEACOE.DBF 

REMARK.WP 

ALLSUPR.DBF 

ALLBENA.DBF 

ALLBENC.DBF 

ALLHIST.DBF 

ALLFISA.DBF 

SPEC-CD.DBF 

FISH-CD.DBF 

Available in the NSI 

Table Dex~iption 

Station 

Sediment chemistry 

Tissue residue 

Biotoxicity 

Sediment grain size and miscellaneous sediment chemistry 

Miscellaneous tissue residue 


Elutriate 


PCSAW loadings 


PCSmRI facilities (have loadings data) 


Other PCSflRI facilities (no associated loadings data) 


Toxicity phase for biotoxicity table (ALLBIOT) 


List of analytes for elutriate table (ALLELUT) 


List of analytes for sediment tables (ALLSEDI, ALLSEDM) 


List of species for tissue tables (ALLTISS, ALLTISM) 


List of analytes for tissue tables (ALLTISS, ALLTISM) 


EPA Region 10ICOE Seattle District's Sediment Inventory Code file (important for 

interpreting a large number of codes unique to this data source) 


Text file on remark codes (imponant for remark codes other than " K  or "U") 


Superfund facilities 


Benthic species abundance 


Benthic community 


Histopathology 


Fish abundance 


Species codes for benthic data 


Species codes for fish abundance data 




SOURCE 
AGENCY 

STATION 

COUNTY 
DEFTH 
DEFT-MAX 
DEFT-MIN 
DREDGES1 
DRWATERB 
GEOCODE 
INSTIT 
LAT 
LAT-2 
LNG 
L N G 2  
LOCATION 
LOC-CODE 
NSIREACH 
ORIGIN 
ORG-NAME 
REFER 
SR-SCI 
STATE 
WATERBOD 
EPA-REG 
FIPS 
FIPS-DIS 
HUC-DIS 
RFI-DIS 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
SUBSAMPL 
REPLICAT 
SEQ 

C AS 
CLEANUP 

COMMENTS 
DRY-WGT 

Station 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA. 
TION II DATE. DMATS NOTE: STATION =ID II ' ' II STATIONI II ' ' II SERIES II ' ' II 
SCAN.) 
County 
Water depth (m) 
Maximum water depth (m) 
Minimum water depth (m) 
Dredged site 
Dredged water body 
Geologic code 
Institution 
Latitude (decimal degrees) 
Latitude #2 forming a rectangle (decimal degrees) 
Longitude (decimal degrees) 
Longitude #2 forming a rectangle (decimal degrees) 
Location 
Location code 
Reach F11e 1reach 
Origin 
Organization name 
Reference, literature citation 
Senior scientist 
State 
Waterbody 
EPA Region 
F'IPS code 
Distance to nearest FIPS (mile) 
Distance to nearest catologic unit (mile) 
Distance to RFI reach (mile) 

Sediment chemistry 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD I1 ' ' II STA-
TION II DATE. DMATS NOTE. STATION =ID II ' ' II STATIONI II ' ' IISERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Unique subsample identifier code 
Unique replicate identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical; and no SAMPLE, SUBSAMPL, or 
REPLICAT codes were provided 
CAS number for analyte 
Sample cleanup code to indicate an additional step taken to further purify the sample 
extracts or digestates 
Comments 
Percent of total sample remaining after drying 

A 0 



EXT-MTHO 

MEAS-BAS 
NSIREVCD 

P 
PARM 
R 
SAMPDTL 
SAMP-DTU 
SMP-EQP 
SPHERE 
WET-WGT 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
SEQ 

REPLICAT 
ANATOMY 
ANAT-CD 
CAS 
CLEANUP 

COMPOSIT 

DRY-WGT 
EXT-MTHO 

INSTRUME 

NSIREVCD 

LENGTH 
LIFLSTA 
MEASSBAS 

PARM 
P._STD 
R 

Extraction method code to indicate the method used to extract or digest the sample maVix 
and remove or isolate the chemical of concern 
Instrument code to identify the final chemical analysis methodfs) used for analyzing the 
sample 
Result is wet or dry weight basis (see also P) 
Preliminary evluation code (AzReviewed in QNQC of Preliminary Evaluation, U=Only 
one (1) observation of this chemical in source, X=Deleted based on QAIQC of Preliminary 
Evaluation (fust run), Y=Duplicate Data, Z=Deleted based on QNQC of Preliminary 
Evaluation (second run)) 
Result associated with PARM (pgkg, ppb) 
Analyte measured (see also P and R) 
Remark code associated with PARM and P 
Depth to bottom of sample interval (m) 
Depth to top of sample interval (m) 
Sampling equipment code 
Sphere (i.e., environment) code 'om which the sample came 
Total wet weight of sample (g) 

Tissue residue 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION II DATE. DMATS NOTE: STATION = ID II ' ' I1STATION1II ' ' I1SERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical; and no SAMPLE, SUBSAMPL, or 
REPLICAT codes were provided 
Unique replicate identifier code 
Orgadtissue sampled 
Organltissue sampled code 
CAS number for analyte 
Sample cleanup code to indicate an additional step taken to further purify the sample 
extracts or digestates 
A unique identifier to indicate a sample created by compositing tissues from several 
individuals 
Percent of total sample remaining after drying 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Instrument code to identify the final chemical analysis method(s) used for analyzing the 
sample 
Preliminary evluation code (F=Field test, L=Lab test. W=Species cannot be resolved, 
Y=Duplicate Data) 
Length of specimen 
Life stage code to identify the life stage of the sample 
Result is wet or dry weight basis (see also P) 
Number of organisms in sample 
Result associated with PARM 
Analyte measured (see also P and R) 
Standard deviation of P associated with repeated measurements of PARM 
Remark code associated with PARM and P 



SAMPTYPE 
SEX 
SWEQP 
SPECCODE 
SPECIMEN 
TOT-REP 
WEIGHT 
WETWGT 
LIPIDS 
SPECBIO 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
REPLICAT 
SEQ 

AMMONIA 
ABNORMAL 
BIOASSDA 
BIOASSAY 
BIOMASS 
COMMENTS 
COM-NAME 
DIL-UNIT 
DILUTION 
DOX 
ENDPOIN2 
ENDPOINT 
E-QUALIF 
EMERGENC 
EXT-MTHO 

FEEDING 
FLUSH 
GENUS 
HARDNESS 
HOLD-TIM 
LFSTG-EN 

LFSTG-ST 

MEASURED 
NAME 
NUM-ORGA 
P 

Sample type 
Sex code used to identify sex of sample 
Sampling equipment code 
Species code 
Unique identifier for the individual organism being analyzed 
Number of replicates 
Weight of organism 
Total weight of sample 
% Extractable lipids 
STORET taxonomic code 

Biotoxicity 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Rogram) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION II DATE. DMATS NOTE: STATION =ID II ' ' II STATION1II ' ' II SERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Unique replicate identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical: and no SAMPLE, SUBSAMPL, or 
REPLICAT codes were provided 
Ammonia concentration (mg/L) 
Abnormality 
Bioassay date 
Type of bioassay reported 
Biomass 
Comments 
Common name 
ConcentrationlDilution units 
ConcentrationlDilution 
Dissolved oxygen (mUL) 
Endpoint #2 of bioassay test 
Endpoint of bioassay test 
EMERGENC qualifier 
Emergence after 10days 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Feeding of species tested 
Flushing rate in percent of chamber volume exchanged24 hours 
Organism genus 
Hardness 
Holding time of sample prior to analysis (weeks) 
Life stage end-for bioassays that span more than one life stage, record predominant life 
stage at the end of the bioassay 
Life stage start-for bioassays that span more than one life stage, record predominant life 
stage at the start of the bioassay 
Measured (YIN) 
Genus and specles name ( linked to PHASE) 
Number of organisms 
Result associated with ENDPOINT 



P-cc 
P2 
PH 
PHASE 
PHOTOJE 

QASAMPl 
QASAMP2 
QASAMP3 
RENEWAL 
R 
REBURIAL 
RESPO-TY 
SALINITY 
SAMPDTL 
SAMP-DTU 
SERIES 
SIGNIF 
SMP-EQP 
SPECCODE 
SPECIES 
SPHERE 
STD-TOX 

TEMP 
TESTDUR 
TESmYPE 
TESTEXP 
UNITS 
UNITS2 
WATERTYP 
YOUNG 

ALLSEDM.DBF 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
SUBSAMPL 
REPLICAT 
SEQ 

C AS 
CLEANUP 

COARSE-M 

COMMENTS 

Control-corrected analytical result associated with P 
Result associated with ENDPOIN2 
pH
Phase code to indicate the phase (i.e., medium) in which the bioassay organisms are housed 
Photoperiod: Number of light hours vs. number of dark hours (e.g.. 1608 = 16 hours light. 8 
hours dark) 
Control sample no. 1 
Control sample no. 2 
Control sample no. 3 
Renewal (YIN) 
Remark code associated with ENDPOINT and P 
ET50 (mean reburial time) 
%e of bioassay response 
Salinity of water in test chamber (ppt) 
Depth to bottom of sample interval (m) 
Depth to top of sample interval (m) 
Bioassay series number 
Significant difference from control 
Sampling equipment code 
Species code 
Organism species 
Sphere (i.e., environment) code from which the sample came 
Standard Toxicant Result code to indicate whether the results of the standard toxicant 
bioassay were acceptable 
Water temperature (deg C) 
Test duration (days) 
Test used 
Test exposure periods 
Units associated with ENDPOINT and P 
Units associated with ENDPOIN2 and P2 
Water type 
Number of young produced per adult female over 4 weeks 

Sediment grain size and miscellaneous sediment chemistry 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD I1 ' ' I 1  STA-
TlONII DATE. DMATS NOTE: STATION = ID I1 ' ' I1 STATION1I1 ' ' I 1  SERIES 11 ' ' I 1  
SCAN.) 

Date of sample collection 
Unique sample identifier code 
Unique subsample identifier code 
Unique replicate identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical; and no SAMPLE, SUBSAMPL, or 
REPLICAT codes were provided 
CAS number for analyte 
Sample cleanup code to indicate an additional step taken to further purify the sample 
extracts or digestates 
Method of analysis for analysis of coarse particles. Left blank if sample was not split into 
fractions. 
Comments 



DRY-WGT 
EXTJVnnO 

FINE-MTH 

INSTRUME 

MEAS-BAS 
P 
PARM 
PHIB 
PHI-MAX 
PHI-MIN 
R 
SAMP-DTL 
SAMP-DTU 
SMP-EQP 
SPHERE 
TOT-WGT 
UNITS 
WET-WGT 
P-ALP 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
SEQ 

REPLICAT 
ANAT-CD 
CAS 
CLEANUP 

COMPOSIT 

DRY-WGT 
EXT-MTHO 

INSTRUME 

LENGTH 
LIPIDS 
LIFE-STA 
MEAS-BAS 
NUMB-IND 
P 

Percent of total sample remaining after drying 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Method of analysis for analysis of fine particles. Left blank if sample was not split into 
fractions. 
Instrument code to identify the final chemical analysis method(s) used for analyzing the 
sample 
Result is wet or dry weight basis (see also P) 
Result associated with PARM 
Analyte measured (see also P and R) 
Phi boundaries in phi units, between the coarse and fine fractions 
Phi boundary maximum at the fine end of the analyzed range 
Phi boundary minimum at the coarse end of the analyzed range 
Remark code associated with PARM and P 
Depth to bottom of sample interval (m) 
Depth to top of sample interval (m) 
Sampling equipment code 
Sphere (i.e., environment) code from which the sample came 
Total weight of sample (g) 
Units associated with PARM, P, and R 
Total wet weight of sample (g) 
Nonnumeric result associated with PARM 

Miscellaneous tissue residue 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION II DATE. DMATS NOTE: STATION =ID II ' ' II STATION1II ' ' IISERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical; and no SAMPLE, SUBSAMPL, or 
REPLICAT codes were provided 
Unique replicate identifier code 
Organltissue sampled code 
CAS number for analyte 
Sample cleanup code to indicate an additional step taken to further purify the sample 
extracts or digestates 
A unique identifier to indicate a sample created by compositing tissues from several 
individuals. 
Percent of total sample remaining after drying 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Instrument code to identify the final chemical analysis method(s) used for analyzing the 
sample 
Length of specimen 
Lipids (%) 
Life stage code to identify the life stage of sample 
Result is wet or dry weight basls (see also P) 
Number of organisms in sample 
Result associated with PARM 



PARM 
R 
SEX. 
SMPEQP 
SPECCODE 
SPEC-SCI 
SPECIMEN 
UNITS 
WET-WGT 
P-ALP 

ALLELUT.DBF 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
SEQ 

SUBSAMPL 
REPLICAT 
CAS 
EXTMTHO 

INSTRUME 

P 
PARM 
R 
SAMPDTL 
SAMP-DTU 
SAMPEQP 

LOADD.DBF 

ID 
CAS 
CHEMICAL 
SIC 
E3KGYO 
E3KGYE 
E3KGYl 
E3FL00 
E3FLOE 
E3FL01 
E6KGYE 
E6KGY75 

Analyte measured (see also P and R) 
Remark code associated with PARM and P 
Sex code used to identify sex of sample 
Sampling equipment code 
Species code 
Species scientific name 
Unique identifier for the individual organism being analyzed 
Units associated with PARM. P, and R 
Total weight of sample 
Nonnumeric result associated with PARM 

Elutriate 

Identification of data origin (e.g., REG4 is the Region 4 Pllot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION II DATE. DMATS NOTE: STATION =ID II ' ' II STATION1II ' ' II SERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Computer-generated sequence number when multiple samples were taken; SOURCE, 
AGENCY, STATION, and DATE were identical; and no SAMPLE. SUBSAMPL, or 
REPLICAT codes were provided. 
Unique subsample identifier code 
Unique replicate identifier code 
CAS number for analyte 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Instrument code to identify the final chemical analysis methodfs) used for analyzing the 
sample 
Result associated with PARM (p&) 
Analyte measured (see also P and R) 
Remark code associated with PARM and P 
Depth to bottom of sample interval (m) 
Depth to top of sample interval (m) 
Sampling equipment code 

PCSITRI loadings 

Facility identification number 
CAS number for analyte 
Analyte name 
SIC code for facility 
PCS loadings using below detection limit (dl) equal to 0.0 assumption 
PCS loadings using below detection limit equal to 0.5.dl assumption 
PCS loadings using below detection limit equal to dl assumption 
PCS flow using below detection limit equal to 0.0 assumption 
PCS flow using below detection limit equal to 0.5.d assumption 
PCS flow using below detection limit equal to dl assumption 
TRI POTW transfers 
75 percent of TRI POTW transfers 



- -- - - 

LOADS.DBF 

ID 
CODE 
SPC 
LAT 
LNG 
NSIREACH 

- -~ 

LOADO.DBF 

ID 
SPC 
LAT 
LNG 
NSIREACH 

BIOTCODE.DBF 

NAME 
PHASE 
SOURCE 
NSIPHASE 

ELUTPARM.DBF 

SOURCE 
PARM 
C AS 
LNAME 

SED-PARM.DBF 

SOURCE 
PARM 
CAS 
LNAME 

TIS-CODE.DBF 

SPECCODE 
SPEC-SCI 
SPEC-COM 
RES-MIG 
BOT-PEL 
EDIBLE 

TIS-PARM.DBF 

SOURCE 
PARM 

PCSllXI facilities (have loadings data) 

Facility identification number 
"PCS'or "TRY 
State postal code 
Latitude (decimal degrees) 
Longitude (decimal degrees) 
Reach File 1 Reach 

Other PCSITRI facilities (no associated loadings data) 

Facility identification number 
State postal code 
Latitude (decimal degrees) 
Longitude (decimal degrees) 
Reach File 1 Reach 

Toxicity phase for biotoxicity table (ALLBIOT) 

Genus and species name 

Toxicity phase listed in source of data (when available) 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 

Toxicity phase used by NSI 


List of analytes for elutriate table (ALLELUT) 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 

Analyte measured (see also P and R) 

CAS number for analyte 

Analyte long name 


List of analytes for sediment tables (ALLSEDI, ALLSEDM) 


Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 

Analyte measured (see also P and R) 

CAS number for analyte 

Analyte long name 


List of species for tissue tables (ALLTISS, ALLTISM) 

Species code 
Species scientific name 
Species common name 
Species resident, migratory, or either 
Species benthic, pelagic, or either 
Species considered edible by humans 

List of analytes for tissue tables (ALLTISS, ALLTISM) 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Analyte measured (see also P and R) 



- - - 

CAS 
LNAME 

ALLSUPRDBF 

STATE 
ID 
NAME 
COUNTY 
CNTY-FIP 
C0305 
C0326 
LAT 
LNG 
NSIREACH 

SOURCE 
AGENCY 

STATION 

DATE 
SAMPLE 
REPLICAT 
BO'ITOM 
AREA-BAS 
COMM-BAS 
EXT-MTHO 

GENUS 
MESH-SZ 
N-REP 
NUMB-IND 
NUMB-SPE 
ORDER 
P 
PARM 
P-MEAN 
P-STD 
R 
SAMPDTL 
SAMP-DTU 
SPECIES 
SPECCODE 
UNITS 

ALLBENC.DBF 

SOURCE 

CAS number for analyte 
Analyte long name 

Superfund PaciIities 

State postal code 
Superfund identification 
Facility name 
County name 
3-digit county FlPS code 
C0305 
C0326 
Latitude (decimal degrees) 
Longitude (decimal degrees) 
Reach File 1Reach 

Benthie species abundance 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION II DATE. DMATS NOTE: STATION =ID II ' ' II STATIONI II ' ' I1SERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Unique replicate identifier code 
Bottom type 
Area basis for reported data 
Basis for community abundance measurements 
Extraction method code to indicate the method used to extract or digest the sample matrix 
and remove or isolate the chemical of concern 
Organism genus 
Seive mesh size 
Number of replicate samples 
Total number of individuals 
Total number of unique species 
Organism order 
Result associated with PARM 
Analyte measured (see also P and R) 
Mean P 
Standard deviation of P 
Remark code associated with P and PARM 
Depth to bottom of sample interval (m) 
Depth to top of sample interval (m) 
Organism species 
Species code 
Units associated with PARM, P, and R 

Benthic community 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 



AGENCY 

STATION 

DATE 
SAMPLE 
AMPHIPOD 
AMPHMABN 
AREABAS 
ARTHROPO 
BIOM-TOT 
BIOMMEAN 
BIV-MABN 
BSPINDEX 
BSP-GRAB 
BSP-MABN 
BSP-MDIV 
BSP-MEAN 
BSP-MEXP 
BSP-TABN 
BSP-TDIV 
BSP-TOT 
CAPIMABN 
COMM-BAS 
CRUSTACE 
DECAMABN 
DOMINANC 
ECHINODE 
EVENESS 
IT1 
MED-DIAM 
MISC-TAX 
MOIST-M 
MOLLUSCS 
NEMATODE 
OLIGOCHA 
PABN-AMP 
PABN-BIV 
PABN-GAS 
PABN-TUB 
PLYC-MWT 
PLYCMABN 
P-SENSIT 
P-TOLERA 
POLYCHAE 
QUARDVTM 
Q1-PHI 
Q3-PHI 
RPDDEP-M 
SICL-B-M 
SKEWNESS 
TUBlMABN 

Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION IIDATE. DMATS NOTE: STATION =ID II ' ' IISTATION1II ' ' IISERIES II ' ' II 
SCAN.) 
Date of sample collection 
Unique sample identifier code 
Number of amphipod 
Mean abundance of amphipods 
Area basis for reported data 
Number of arthropods in the sample 
Total biomass (g) 
Mean biomass per grab (g) 
Mean abundance of bivalves (g) 
Benthic species index 
Number of grabs 
Mean abundance per grab 
Mean Shannon-Wiener diversity index 
Mean number of species per grab 
Expected mean number of species 
Total abundance . . 

Pooled Shannon-Wiener diversity index 
Total number of species 
Mean abundance of capitellids 
Basis for community abundance measurements 
Number of crustaceans in the sample 
Mean abundance of decapods 
Numeric dominance in the sample 
Number of echinoderms in the sample 
Eveness 
m 
50% quartile diameter (phi) 
Number of miscellaneous taxa in sample 
Sediment moisture content (%) 
Number of molluscs in the sample 
Number of nematodes in the sample 
Number of oligochaetes in the sample 
Percent abundance amphipods 
Percent abundance bivalves 
Percent abundance gastropods 
Percent abundance tubificids 
Mean biomass per polychaete (g) 
Mean abundance of polychaetes 
Abundance of pollution sensitive organisms (%) 
Abundance of pollution tolerant organisms (%) 
Number of polychaetes in the sample 
Phi quartile deviation 
25% quartile diameter (phi) 
75% quartile diameter (phi) 
Mean RPD in mm 
Mean siltlclay content (%) 
Phi quartile skewness 
Mean abundance of tubificids 



ALLHISTDBF 

SOURCE 
AGENCY 

STATION 

DATE 
BODYPATH 
BRNCPATH 
BUCCPATH 
ESP-ABN 
ESP-TOT 
MNMDTRSH 

ALLFISA.DBF 

SOURCE 
AGENCY 

STATION 

DATE 
LEN-MEAN 
LEN-STD 
P 
PARM 
SPECCODE 
UNITS 

SPEC-CDSBF 

SPECCODE 
SPEC-SCI 
SPEC-COM 

FISH-CD.DBF 

SPECCODE 
SPEC-SCI 
SPEC-COM 

Histopathology 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TIONII DAE.  DMATS NOTE: STATION = ID II ' ' II STATIONIII ' ' IISERIES II ' ' II 
SCAN.) 
Date of sample collection 
Number of fish with body pathologies 
Number of fish with branchial pathologies 
Number of fish with buccal pathologies 
Abundance (number/trawl) 
Number of species 
Manmade trash (YN) 

Fish abundance 

Identification of data origin (e.g., REG4 is the Region 4 Pilot Study) 
Identification of group responsible for collecting data (e.g., NS&T is NOAA's National 
Status and Trends Program) 
Monitoring station identification code. (ODES NOTE: STATION = STN-CD II ' ' II STA-
TION IIDATE. DMATS NOTE: STATION = ID II ' ' II STATIONIII ' ' II SERIES II ' ' II 
SCAN.) 
Date of sample collection 
Mean length (in) 
Standard deviation length (in) 
Result associated with PARM 
Analyte measured (see also P) 
Species code 
Units associated with PARM and P 

Species codes for benthic data 

Species code 
Species scientific name 
Species common name 

Spedes codes for fish abundance data 

Species code 
Species scientific name 
Species common name 



Appendix B 

Description of Evaluation 
Parameters Used in the NSI 
Data Evaluation 

Chapter 2 of this document presented the methodology used in the evaluation of the NSI 
data. This appendix describes in greater detail the screening values and other patameters 
used in the NSI data evaluation. The actual parameter values used are presented in Appendix D. For the 

purpose of discussion,the sedimentevaluation parameters have been placed into three groups: (1) those used to assess 
potential impacts on aquatic life, (2) those used to assess potential impacts on human health, and (3) those used to assess 
potential impacts on wildlife. Theuncertaintiesassociatedwith the use of these parameters in the NSI data evaluation are 
discussed in Chapter 5. 

Aquatic Life Assessments 

To evaluate thepotential threat to aquaticlifefrom chemical contaminants detected in sediments,measured concen-
trations of contaminants were comparedto sediment chemistry screeninglevels. The results of toxicity tests to indicate 
the actual toxicity of sediment samples to species of aquatic organisms, when available, were alsoevaluatedforthe NSI. 

Sediment chemistry screeninglevels are referencevalues above which sedimentcontaminant concentrationscould 
pose a significant threat to aquatic life. Severaldifferent approaches, based on causal or empirical correlativemethod-
ologies, have been developed for deriving screening levels of sediment contaminants. Each of these approaches 
attempts to predict contaminant concentration levels that could result in adverse effects to benthic species, which are 
extrapolated to represent the entire aquatic community for this evaluation. For the purpose of this analysis, the 
screening levels selectedinclude the following: 

EPA's draft sedimentquality criteria(SQCs) for five nonionic organic chemicals,developedusing an equilib-
riumpartitioningapproach(USEPA, 1992a, 1993a). 

Sediment quality advisory levels (SQALs) for selected nonionic organic chemicals, developed using an 
equilibriumpartitioning approach (USEPA, 1992a, 1993a). 

The sum of simultaneouslyextracted divalent trimsition metals concentrationsminus the acid-volatile sulfide 
concentration ([SEMI - [AVS]),also based on an equilibrium partitioningapproach. 

Effectsrange-median (ERM) and effectsrange-low (ERL) values for selected nonionic organics and metals 
developedby Long et al. (1995). 

Probable effects levels (PELS)and threshold effects levels (TELs)for selected nonionic organics and metals 
developed for the Florida Department of Environmental Protection (FDEP, 1994). 

Apparent effects thresholds (AETs) for selected organics and metals developed by Barrick et al. (1988). 

The principles behind the developmentof each of these sediment chemistry screening values are discussed below. 
The sediment toxicity tests are also briefly described in this section. 



Equilibrium Partitioning Approaches 

The potential toxicity of sediment-associated nonionic organic chemicals and divalent metals is indicated by the 
amount of the contaminant that is uncomplexed or freely available in the interstitial (pore) water. The bioavailability and 
toxicity of nonionic organic chemicals and divalent metals in sediments are mediated by several physical, chemical, and 
biological factors, including sediment grain size, particulate and dissolved organic carbon, and sulfide produced by 
sulfate-reducing bacteria (Di Toro et al., 1991,1992; Howard and Evans, 1993). For nonionic organic chemicals, sorption 
to the organic carbon dissolved in the interstitial water and bound to sediment particles is the most important factor 
affecting bioavailability. Sulfide, specifically the reactive solid-phase sulfide fraction that can be extracted by cold 
hydrochloric acid (acid-volatile sulfide, or AVS), appears to control the bioavailability of most divalent metal ions 
because of the sulfide ions' high affinity for dvalent metals, resulting in the formation of insoluble metal sulfides in 
anaerobic sediments. 

When the concentrations of nonionic organic chemicals and divalent metals were measured in pore water ex- 
tracted from spiked sediment and field-collected sediment used in toxicity tests, the biological effects observed in 
those tests occurred at similar pore water concentrations, even when different types of sediments were used, typically 
within a factor of 2 (Di Toro et al., 1991,1992). Biologicaleffects also occurredat similar concentrations in tests with 
different sediment types containing different amounts of organic carbon (OC) when (1) the dry-weight sediment 
concentrations of nonionic organic chemicals were normalized for organic carbon content (i.e., pg chemicallg,) and (2) 
when the difference between molar concentrations of simultaneously extracted metals ([SEMI) in the sediment ex- 
ceeded the molar concentration of AVS ([AVS]) in the sediments by similar amounts (the mortality of sensitive species 
increases in the range of 1.5 to 12.5 pmol of SEM per pmol of AVS). Most importantly, the effects concentrations in the 
sediment could be predicted from the effects concentrations determined in water-only exposures to these chemicals. 
Most measurements of sediment chemical concentrations are made from whole sediment samples and converted to 
units of chemical per dry-weight of sediment, because of thedifficulties in extracting the pore water. However, when 
dry-weight concentrations of nonionic organics and metals were used to plot concentration-response curves of the 
toxicity of different sediments, biological effects occurred at different dry-weight concentrations when measured in 
different sediments (Luoma, 1983; USEPA, 1993a). To develop criteria or advisory levels for comparing the toxicity of 
different chemicals in different sediments, it was necessary to examine the role of organic carbon and other complexing 
factors in the bioavailability of chemicals in sediment. 

In sediment, the partitioning of a nonionic organic chemical between organic carbon and pore water and the 
partitioning of a divalent metal between the solid and solution phases are assumed to be at equilibrium. The fugacity 
(activity) of the chemical in each of these phases is the same at equilibrium. Fugacity describes mathematically the rates 
at which chemicals diffuse or are. transported between phases (Mackay, 1991). Hence, an organism in the sediment is 
assumed to receive an equivalent exposure from water only or from any equilibrated phase. The pathway of exposure 
might include pore water (respiration), sediment carbon (ingestion), sediment organism (ingestion), or a mixture of 
routes. The biological effect is produced by the chemical activity of the single phase or theequilibrated system (Di Toro 
et al., 1991). The equilibrium partitioning approach uses this partitioning theory to relate the dry-weight sediment 
concentration of aparticular chemical that causes an adverse biological effect to the equivalent freechemical concentra- 
tion in pore water and to the concentration sorbed to sediment organic carbon or bound to sulfide. The theoretical 
causal resolution of chemical bioavailability in relation to chemical toxicity in different sediments differentiates equilib- 
riumpartitioning approaches from purely empirical correlative assessment methods (described later in this section). 

The processes that govern the partitioning of chemical contaminants among sediments, pore water, and biota are 
better understood for some kinds of chemicals than for others. Partjtioning of nonionic hydrophobic organic com- 
pounds between sediments and pore water is highly correlated with the organic carbon content of sediments, but it does 
not account for all of the toxicity variation observed between sediment and water-only experimental exposures. Other 
factors that can affect biological responses are not considered in the model. The equilibrium partitioning approach has 
been tested using only nonionic organic chemicals with octanolfwater partition coefficients (log KO$) between 3.8and 
5.3. However, because the theory should be applicable to nonionic organic chemicals with log K_s from2.0 to 5.5 (Dave 
Hansen, EPAIORD-Narragansett. pas. commun., April 17,1995), nonionic organic chemicals with log Kows in this range 
were evaluated for the analysis of NSI data. For trace metals, concentrations of sulfides and organic carbon have been 
identified as important factors that control the phase associations and, therefore, the bioavailability of trace metals in 



anoxic sediments. However, models that can use these factors to predict the bioavailability of trace metals in sediments 
are not fully developed (see below). Mechanisms that control the partitioning of nonionic and nonpolar organic 
compounds with log Kows of less than 2.001 greater than 5.5 and polar organic compounds in sediments, and affect their 
toxicity to benthic organisms, are less well understood. Models for predicting biological effects from concentrations of 
such compounds have not yet been developed; therefore, these chemicals have not been evaluated using equilibrium 
partitioning approaches. 

Draf? Sediment Quality Criteria 

The equilibrium partitioning model was selected for the development of sediment quality criteria because it can be 
a ~ ~ l i e dto predict sediment contaminant concentrations below which biological effects are not expected to occur based . . 
on the toxicity of individual nonionic organic chemicals-and hence can protect benthic aquatic life in bedded, perma- 
nently inundated, or intertidal sediments-while accounting for sediment characteristics that affect the bioavailability of 
the chemical (Di Toro et al., 199 1; USEPA, 1993a). The predominant phase for sorption of nonionic organic chemicals to 
sediment panicles appears to be organic carbon, for sediments in which the fraction of organic carbon (f_) is greater than 
0.2 percent. 

The partitioning of a chemical between the interstitial water and sediment organic carbon is explained by the 
sedimentJpore water partition coefficient for a chemical, Kp, which is equal to the organic carbon content of the sediment 
(f_) multiplied by the sediment particle organic carbon partition coefficient (KO). Kp is the ratio of the concentration of 
the chemical in the sediment to the concentration of the chemical in the pore water. Normalizing the dry-weight 
concentration of the chemical in sediment to organic carbon is as appropriate as using the interstitial water concentra- 
tion of the chemical becauseorganic carbon in the sediment can also bind the chemical andaffect its bioavailability and 
toxicity. The particle organic carbon partition coefficient (KO> is related to the chemical's octanoUwater partition 
coefficient(KJ by the following equation (Di Toro et al., 1991 ): 

log K, = 0.00028 + 0.983(log K,) 

The octanoVwaterpartition coefficient for each chemical can thus predict the likelihoodof thechemical to complex 
or sorb to organic carbon, when measured with modem experimental techniques that provide the most accurate estimate 
of this parameter. The concentration of the chemical on sediment particles (C,) is then equal to the dissolved concentra- 
tion of chemical (C,) multiplied by the organic carbon content of the sediment (foJ and the particle organic carbon 
partition coefficient (K,), when f_ is greater than 0.2 percent (USEPA, 1993a), thus normalizing the dry-weight sediment 
concentration of the chemical to the organic carbon content of the sediment. 

The criterion for the dissolved concentration of chemical (C,) is derived from the final chronic value FCV) of EPA's 
water quality criteria (USEPA, 1985). Freshwater and saltwater FCVs are based on the results of acceptable laboratoly 
tests conducted to determine the toxicity of a chemical in water to a variety of species of aquatic organisms, and they 
represent the highest levels of achemical to which organisms can beexposed withoutproducing toxic effects. This level 
is predicted to protect approximately 95 percent of aquatic life under certain conditions. An evaluation of data from the 

i1 	 water quality criteriadocuments and benthic colonization experiments demonstrated that benthic species have chemical 
sensitivities similar to those of water column species (Di Toro et al., 1991). Thus, if the concentration of a chemical in 
sediment, measured with respect to the sediment organic carbon content, does not exceed the sediment quality criterion, 
thenno adverse biological effects fromthatchemical wouldbeexpected (USEPA. 1992a, 1993a). 

EPA has developed and published draft freshwater sediment quality criteria (SQCs) for the protection of aquatic life 
for five contaminants: acenaphthene, dieldrin, endrin, fluoranthene, and pheoanthrene. Thesedraft SQCs are based on 
theequilibrium partitioning approach (USEPA 1993h. c, d, e, f) using the aquatic life water quality criterion final chronic 
value (FCV, in pgL)and the partition coefficient between sediment and pore water (KO, inL/g sediment) for the chemical 



chemical of interest (Di Toro et al., 1991; USEPA, 1993a). Thus, SQC =Kp FCV. On a sediment organic carbon basis, 
the sediment quality criterion, SQC,, is: 

sQc,(pg I g,) =FCV(pg I L) x K,(L I kg) x (104kg, 1 g,) 
where: 

FCV = EPA aquatic life water quality criterion final chronic value and 

K, = organic carbon-water partitioning coefficient. 

K, is presumed to be independent of sediment type for nonionic organic chemicals, so that the SQC, is also 
independent of sediment type. Using a site-specific organic carbon fraction, f, (g,/g sediment), the SQC, can be 
expressed as a sediment-specific value, the SQC: 

sw=(SW, )(f, 
Sediment QualityAdvisory Levels 

EPA intends to develop sediment quality criteria for additional chemicals in the Future. In the interim, EPA's 
Office of Science and Technology developed equilibrium partitioning-based sediment quality advisory levels (SQALs) 
using the following equation: 

SQAL,(pg/g,)= [FCV. SCV(ggIL)l XK,(LIkg) X ( ~ ~ " k g ,  
where: 

SQAL, = calculated sediment quality advisory level; 
FCV, SCV = EPA aquatic life chronic criterion (final chronic value, FCV), or other chronic threshold 

water concentration (secondary chronic value, SCV); and “, = organic carbon-water partitioning coefficient. 

As noted in Chapter 2, EPA has proposed sediment quality criteria (SQCs) for five chemicals based on the highest 
quality toxicity and octanollwater partitioning (KJ data, which have been reviewed extensively. This section de- - .  
scribes the sources of data used to calculate the valGes used in the SQAL equations: log Kows (used to derive Kacs) and 
chronic threshold water concentrations. A detailed description of the methods and data used to develop SQALs for 
specific chemicals using the equilibrium partitioning approach will be published by EPA as a separate document. 

SQALs for use in the NSI dataevaluation were developed in conjunction with other programs at EPA (established 
under the Resource Conservation and Recovery Act, RCRA, and the Superfund Amendments and Authorization Act, 
SARA) to provide the same values for conducting screening-level evaluations of sediment toxicity for these programs. 
The SQALs (as well as the other sediment chemistry threshold levels) are meant to be used for screening purposesonly. 
The screening values are not regulatory criteria, site-specific cleanup standards, or remediation goals. The screening 
levels are set to be appropriately conservative, so samples that do not exceed the screen would not be expected to 
exhibit adverse effects from the action of the specific chemical evaluated; exceeding the screening levels does not 
indicate the level or type of risk at a particular site, but can be used to target additional investigations. EPA's Office of 
Research and Development (ORD), including staff from Environmental Research Laboratory, Athens, Georgia; Envi- 
ronmental Research Laboratory, Duluth, Minnesota; and Environmental Research Laboratory. Narragansett. Rhode 
Island, provided guidance and assisted in the development of the necessary values. The SQALs used for the NSI data 
evaluation are presented with other screening values in Table D-l of Appendix D. 

Method for Determination of Log KO$.Log Kw values were initially identified in summary texts on physical- 
chemical properties. such as Howard (1990) and Mackay et al. (1992a. b) and accompanying volumes. Additional 
compendia of log Kow values were also evaluated, including De Kock and Lord (1987), Doucette and Andren (1988), 
Klein et al. (1988). DeBruijn et al. (1989), Isnard and Lambert (1989), Leo (1993), Noble (1993), and Stephan (1993). 
To supplement these sources, on-line database searches were conducted in ChemFate, TOXLINE, and Hazardous 
Substances Data Bank (HSDB) (National Library of Medicine); Internet databases such as CARL UNCOVER; and 
" A 



EPA databases such as ASTER, OLS, and the ORD BBS. Original references were identified for the values, and 
additional values were identified. In cases where log Kow values varied over several orders of magnitude or measured 
values could not be identified, detailed on-line searches were conducted using TOXLIT, Chemical Abstracts, and 
DIALOG. Values identified from all of these sources and the method used to obtain each log Kw value were compiled 
for each chemical. A few chemicals lacked experimentally measured log K_s, and no log KOy data were available from 
any source for butachlor, DCPAIDacthal, and EthionBladen. 

The determination of K_ values was based on experimental measurements taken primarily by the slow-stir, gen- 
erator-column, and shake-flask methodologies. The SPARC Properties Calculator model was also used to generate 
Kw values, when appropriate, for comparison with the measured values. Values that appeared to be considerably 
different from the rest were considered to be outliers and were not used in the calculation. 

For each chemical, the available value based on one of these methods was given preference. If more than one such 
value was available, the log Kow value was calculated as the arithmetic mean of those values (USEPA, 1994). Recorn- 
mended log Kows were finalized by ORD-Athens based on recommended criteria, and the justification f& selection of 
each value was included in the report (Karickhoff and Long, April 10, 1995, report). 

Selection of ChronicToxicity Values. A hierarchy of sources for chronic toxicity values to develop the SQALs was 
prepared. The following sources were identified and ranked from most to least confidence in the chronic values to be used: 

1. Sediment quality criteria (SQCs). 
2. Final chronic values from the Great Lakes Initiative (USEPA, 1995~). 
3. Final chronic values from the National Ambient Water Quality Criteria documents. 
4. Final chronic values from freshwater criteria documents. 
5. Final chronic values developed from data in EPA's Aquatic Toxicity Information Retrieval database (AQUIRE) 

and other sources. 

6a. Secondary chronic values developed from data in AQUIRE and other sources. 

6h. Secondary chronic values from Suter and Mabrey (1994) 


EPA SQCs were available for five chemicals: acenapthene, dieldrin, endrin, fluoranthene, and phenanthrene. There 
were no final chronic values (FCVs) obtained by the aquatic life criteria methodology (referred to as "Tier I") de-
scribed in USEPA (1995~) available for the remaining chemicals in the NSI. Two SQALs were based on the FCVs 
from National Ambient Water Quality Criteria documents, for gamma-BHClLindane and toxaphene. No FCVs were 
available from criteria documents. 

Thirteen SQALs were based on work conducted by Oak Ridge National Laboratories (Suter and Mabrey, 1994) 
using the USEPA (1995~) methodology for obtaining secondary chronic values ("Tier II"). This methodology was 
developed to obtain whole-effluent toxicity screening values based on all available data, but the SCVs could also be 
calculated with fewer toxicity data than are required for the criteria methodology. The SCVs are generally more 
conservative than those which can be produced by the FCV methodology, reflecting greater uncertainty in the absence 
of additional toxicity data. The minimum requirement for deriving an SCV is toxicity data from a single taxonomic 
family (Daphnidae), provided the data are acceptable. Only those values from Suter and Mabrey (1994) that included 
at least one daphnid test result in the calculation of the SCV were included for the NSI. SCVs from Suter and Mabrey 
(1994) were used to develop SQALs for the following chemicals: 

benzene napthalene 

chlorobenzene 1,1,2,2-tetrachloroethane 

delta-BHC tetrachloroethene 

dibenzofuran toluene 

diethyl phthalate l,l,l-trichloroethane 

di-n-butyl phthalate trichloroethene 

ethylbenzene 




A preliminary search of data records in EPA's AQUIRE database indicated that the following chemicals might 
have sufficient toxicity data for the development of SCVs: 

biphenyl fluorene 
4-bromophenyl phenyl ether hexachlorethane 
butyl benzyl phthalate malathion 
diazinon methoxychlor 
1,Zdichlorobenzene pentachlorobenzene 
1,3dichlorobenzene tetrachloromethane 
14-dichlorobenzeue tribromomethane 
endosulfan mixed isomers 1,2,4-trichlorobenzene 
alpha-endosulfan trichloromethane 
beta-endosulfan m-xylene 

Insufficient toxicity test data were found in AQUIRE for acenapthylene, endosulfan sulfate, heptachlor epoxide, 
and trichlorofluoromethane. In addition, review of AQUIRE data records indicated that no dapbnid acute toxicity 
tests had been conducted for hexachlorobutadiene. These chemicals were dropped from further development of 
SQALs. 

Acid-Volatile Sulfide Concentration 

The use of the total concentration of a trace metal in sediment as a measure of its toxicity and its ability to 
bioaccumulate is not supported by field and laboratory studies because different sediments exhibit different degrees 
of bioavailability for the same total quantity of metal (Di Toro et al., 1990; Luoma, 1983). These differences have 
been reconciled by relating organism toxic response (mortality) to the metal concentration in the sediment pore water 
(Adams el al., 1985; Di Toro et al., 1990). Metals form insoluble complexes with the reactive pool of solid-phase 
sulfides in sediments (iron and manganese sulfides), restricting their bioavailability. The metals that can bind to these 
sulfides have sulfide solubility parameters smaller than those of iron sulfide and include nickel, zinc, cadmium, lead, 
copper, and mercury. Acid-volatile sulfide (AVS) is one of the major chemical components that control the activities 
and availability of metals in the pore waters of anoxic sediments (Meyer et al., 1994). 

AVS is operationally defined as the sulfide liberated from a sediment sample to which hydrochloric acid has been 
added at room temperature under anoxic conditions (Meyer et al., 1994). The metals concentrations that are extracted 
during the same analysis are termed the simultaneously extracted metals (SEM). SEM is operationally defined as 
those metals which form less soluble sulfides than do iron or manganese (i.e., the solubility products of these sulfides 
are lower than that of iron or manganese sulfide) and that are at least partially soluble under the same test conditions 
in which the AVS content of the sediment is determined (Allen et al., 1993; Di Toro et al., 1992; Meyer et al., 1994). 

Laboratory studies using spiked sediments and field-collected metal-contaminated sediments demonstrated that 
when the molar ratio of SEM to AVS [SEM]/[AVSl was less than 1(excess AVS remained), no acute toxicity (mortal- 

I ity greater than 50 percent) was observed in any sediment for any benthic test organism. When [SEM]I[AVS] was 

i 
greater than 1 (excess metal remained), the mortality of sensitive species (e.g., amphipods) increased in the range of 
1.5 to 2.5 wmol of SEM per pmol AVS (Casas and Crecelius, 1994; Di Toro et al., 1992). 

Experimental studies indicate that the lower limit of applicability for AVS is approximately 1 p o l  AVSlg sedi- 
ment and possibly Lower; other sorption phases, such as organic carbon, probably become important for sediments 
with smaller AVS concentrations and for metals with large partition coefficients and large chronic water quality 
criteria (Di Toro et al., 1990). In addition, studies indicate that copper, as well as mercury, might be associated with 
another phase in sediments, such as organic carbon, and AVS alone might not be the appropriate partitioning phase 
for predicting its toxicity. Pore-water concentrations of metals should also be evaluated (Allen et al., 1993; Ankley et 
al., 1993; Casas and Crecelius, 1994). However, the AVS approach can be used to predict when a sediment contami- 
nated with metals is not acutely toxic (Ankley et al., 1993; Di Toro et al.. 1992). 

There are several important factors to consider in interpreting the [SEMI-[AVS] difference. First, all toxic SEMs 
present in amounts that contribute significantly to the [SEMI sum should be measured. However, because mercury 
presents special problems, it is not included in the current SEM analysis. Second, if the AVS content of sediment is 

n c 



(Adams et al., 1992; Zhuang et al., 1994). Most benthic macroorganisms, including those used in toxicity tests, survive 
in sediments that have a thin oxidized surface layer and then an anoxic layer. The anoxic layer can have significant AVS 
concentrations that would reduce the metal activity to which these organisms are exposed (Di Toro et al., 1992). Third, 
AVS varies spatially in sediment-vertically with depth and horizontally where patches of an appropriate carbon source 
occur under low oxygen conditions for the sulfate-reducing bacteria. Lastly, AVS can vary when sediments are oxgenated 
during physical disturbance and seasonally as changes in the productivity of the aquatic ecosystem alter the oxidation 
state of sediment and oxidize metal sulfides; therefore, the toxicity of the metals present in the sediment also changes 
over time (HowardandEvans, 1993). 

Selection of an [SEMI - [AVS] difference sufficiently high to place a sediment in the Tler 1 classification requires 
careful consideration because therelationship between organism response and the [SEMI - [AVS] difference of sediment 
depends on the amount and kinds of other binding phases present. Using freshwater and saltwater sediment amphipod 
toxicity data, researchers at EPA's Environmental Research Laboratory in Narragansett, Rhode Island, plotted [SEMI -
[AVS] versus the percentage of sediments with a higher [SEMI - [AVS] value that were toxic. For this analysis, the 
researchers defined toxicity as greater than 24 percent mortality. Analysis of these data reveals that between 80 percent 
and 90 percent of the sediments were toxic at [SEMI - [AVS]=5. Therunning average mortality at this level was between 
44 percent and 62 percent (Hansen, 1995). EPA's Office of Science and Technology selected [SEMI - [AVS] =5 as the 
demarcation line between the higher (Tier I)  and intermediate (Tier 2) probability categories. 

Biological Effects Correlation Approaches 

Biological effects correlation approaches are based on the evaluation of paired field and laboratory data to relate 
incidence of adverse biological effects to the dry-weight sediment concentration of a specific chemical at a particular 
site. Researchers use these data sets to identify level-of-concern chemical concentrations based on the probability of 
observing adverseeffects. Exceedance of the identified level-of-concern concentrations is associated with a likelihood 
of adverse organism response, but it does not demonstrate that a particular chemical is solely responsible. Conse-
quently, correlative approaches do not indicate direct cause-and-effect relationships. In fact, a given site typically 
contains a mixture of chemicals that contribute to observed adverseeffects to some degree. These and other potentially 
mitigating factors tend to make screening values based on correlative approaches lower than screening values based on 
effects caused by a single chemical. However, correlative procedures differ from one another by design and, subse- 
quently, in how they relate to sediment toxicity. For example. ERMs are levels usually associated with adverse effecs, 
whereas AETs are levels intended to always be associated with adverse effects. Thus, when in error, ERMs minimize 
falsenegatives relative to AETs and AETs minimize false positives relative to ERMs (Ingersoll et al., 1996). 

Effects Range-Medians and Effects Range-Lows 

The effects range approach for deriving sediment quality guidelines involves matching dry-weight sediment con- 
taminant concentrations with associated biological effects data. Long and Morgan (1990) originally developed informal 
guidelines using this approach for evaluation of NOAA's National Status and Trends (NS&T) data. Data from equilib- 
rium partitioning modeling, laboratory, and field studies conducted throughout North America were used to determine 
the concentration ranges that are rarely, sometimes, and usually associated with toxicity for marine and estuarine 
sediments (Longet al., 1995). Effects range-low (ERL) andeffects range-median (ERM) values werederived by Long et 
al. (1995) for 28 chemicals or classes of chemicals: 9 trace metals, total PCBs, 13 individual polynuclear aromatic 
hydrocarbons (PAHs), 3 classes of PAHs (total low molecular weight, total high molecular weight, and total PAH), and 
2 pesticides (p,p'-DDE and total DDT). For each chemical, sediment concentration data with incidence of observed 
adverse biological effects were identified and ordered. The authors identified the lower 10th-percentile concentration as 
the ERL and the 50th-percentile concentration as the ERM. In terms of potential biological effects, sediment contami- 
nant concentrations below the ERL aredefined as in the "minimal-effects range," values between theERL and ERM are 
in the "possihleeffects range," and values above the ERM are in the "probable-effects range." Data entered into this 
biological effects database for sediments (BEDS) were expressed on a dry-weight basis. 

The accuracy of these guidelines was evaluated using the data in the database not associated with adverse effects 
and noting whether the incidence of effects was less than 25 percent in the minimal-effects range, increased consistently 
with increasing chemical concentrations, and was greater than 75 percent in the probable-effects range. Long et al. 



tently with increasing chemical concentrations, and was greater than 75 percent in the probable-effects range. Long et 
al. (1995) reported that these sediment quality guidelines were most accurate for copper, lead, silver, and all classes of 
PAHs and most of the individual PAHs; however, accuracy was low for nickel, chromium, mercury, total PCBs, and 
DDE and DDT. The guidelines generally agreed within factors of 2 to 3 with other guidelines, including the freshwater 
effects-based criteria from Ontario. The authors attributed variability in the concentrations associated with effects to 
differences in sensitivities of different taxa and physical factors that affect bioavailability, but they argued that because 
of the synergistic effects of multiple toxicants, the inclusion of data from many field studies in which mixtures of 
chemicals were present in sediments could make the guidelines more protective than guidelines based on a single 
chemical. The authors also emphasized that ERLs and ERMs were intended to be used as informal screening tools 
only. 

Although the ERL and ERM guidelines were not based upon detetministic or cause-effects studies, their accuracy 
in correctly predicting nontoxicity and toxicity has been determined empirically among field-collected samples (Long 
et al., in press). Analyses were performed with matching laboratory bioassay data and chemical data from 989 samples 
collected in regions of the Atlantic, Pacific, and Gulf coasts. Data were gathered from results of amphipod survival 
tests (Ampelisca abdita and Rhepoxynius abronius) for all 989 samples. Data from a battery of sensitive bioassays 
(fertilization success of urchin gametes, embryological development of mollusc embryos, and microbial biolumines- 
cence) were gathered for 358 of these samples. The percentages of samples indicating non-toxicity (not significantly 
different from controls, p > 0.05), significant toxicity @ c 0.03, and high toxicity (p < 0.05 and mean response >20 
percent difference from controls) were determined for the results of the amphipod tests alone and for the results of any 
one of the tests performed. 

Results of the analyses (summarized in Table B-1) suggest that highly toxic responses occurred in 12 percent of 
the samples in the amphipod tests and 28 percent of the samples in any one of the tests performed when all chemical 
concentrations were less than theirrespective ERL values. These samples were analogous to those classified as Tier 3 
in this report (i.e.. all chemical concentrations less than the screening values). When one or more chemicals exceeded 
ERL concentrations, but all concentrations were lower than theERM concentrations (analogous to Tier 2), the perceot- 
ages of samples indicating high toxicity were 19 percent in the amphipod tests and 64 percent in any one of the tests 
performed. The incidence of high toxicity in the amphipod tests increased from 10 percent when only one ERL value 
was exceeded to 58 percent when 20-24 ERLs were exceeded. The incidence of toxicity in any one of the tests 
Increased from 29 percent when only one ERL was exceeded to 91 percent when 20-24 ERLs were exceeded. In 
samples analogous to those classified as Tier 1 (one or more ERMs exceeded), the incidence of high toxicity was 42 
percent in amphipod tests and 80 percent in any one of the battery of tests performed. If both the significant and highly 
toxic results werecombined in the Tier 1samples, the percentage of samples indicating toxicity increases to 55 percent 
in amphipod tests and 87 percent in any one of the tests. As with the ERLs, the incidence of toxicity increased with 
increasing number of chemicals that exceeded the ERMs. 

Probable Effects Levels and Threshold Effects Levels 

A method slightly different from that used by Long et al. (1995) to develop ERMs and ERLs was used by the 
Florida Department of Environmental Protection (FDEP, 1994) to develop similar correlative, effects-based guidelines 

Table B-1. 	Incidence of Toxicity in Amphipod Survival Tests Alone and Any One of 2-4 Tests Performed in 
Samples Analogous to Those Classified as Tier 1,2,or 3 (from Long et al., in press) 



for Florida's coastal waters. Modifications to the Long et al. (1995) approach increased the relevance of the resultant 
guidelines to Florida's coastal sediments by making information in the database more consistent and by expanding the 
information used to derive sediment quality assessment guidelines with additional data from other locations in the 
United States and Canada, particularly Florida and the southeastern and Gulf of Mexico regions (FDEP, 1994). Three 
effects ranges were developed with a method that used both the chemical concentrations associated with biological 
effects (the "effects" data) and those associated with no observed effects (the "noeffects" data). In this method, the 
threshold effects level (TEL)is the geometric mean of the lower 15th-percentile concentration of the effects data (the 
ERL) and the 50th-percentile concentration of the no-effects data. The probableeffects level (PEL) is the geometric 
mean of the 50th-percentile concentration of the effects data (the ERM) and the 85th-percentile concentration of the 
no-effects data. Essentially, the PEL and TEL reflect the ERM and ERL values adjusted upward or downward depend- 
ing on the degree of overlap between the distributions of "effects" and "no effects" data. TELs and PELs have been 
developed for 33 chemicals: 9 trace metals, total PCBs, 13 individual polynuclear aromatic hydrocarbons (PAHs), 3 
classes of PAHs (total low molecular weight, total high molecular weight, and total PAH), 6 pesticides (chlordane, 
dieldrin, p,p' -DDD, p,p' -DDE, p,p' -DDT), and total DDT (FDEP, 1994). 

As was thecase with the Long et al. (1995) approach, in the FDEP (1994) approach thelower of the two guidelines 
for each chemical (i.e., the TEL) was assumed to represent the concentration below which toxic effects rarely occurred. 
In the range of concentrations between the TEL and PEL, effects occasionally occurred. Toxic effects usually or 
frequently occurred at concentrations above the upper guideline value (i.e., the PEL). TEL and PEL values were 
developed on a sediment dry-weight basis. 

Although the extensive database and evaluation of effects data make this approach applicable to many areas of the 
country, the available data still have limitations. For example, FDEP (1994) noted that there is a potential for 
underprotection or overprotection of aquatic res6urces if the bioavailability of sediment-associated contaminants and 
other factors affecting toxicity are not included. Most of the TELs and PELs were within a factor of 2 to 3 of other 
sediment quality guideline values. Most were deemed reliable for evaluating sediment quality in Florida's coastal 
waters, with less confidence in the values for mercury, nickel, total PCBs, chlordane, lindane, and total DDT. An 
evaluation of independent sets of field data from Florida, the Gulf of Mexico, California, and New York showed that 
TELs and PELs correctly predict the toxicity of sediment in 86 percent and 85 percent of the samples, respectively. 

As with ERLs and ERMs, the accuracy of TEL and PEL guidelines to correctly predict nontoxicity and toxicity 
has been determined empirically among field-collected samples (Long et al., in press). Analyses were performed with 
matching laboratory bioassay data and chemical data from 989 samples collected in regions of the Atlantic, Pacific, 
and Gulf coasts. Data were gathered from results of amphipod survival tests (Ampelisca abdita and Rhepoxynius 
abronius) for all 989 samples. Data from a battery of sensitive bioassays (fertilization success of urchin gametes. 
embryological development of mollusc embryos, and microbial bioluminescence) were gathered for 358 of these 
samples. The percentages of samples indicating nontoxicity (not significantly different from controls, p > 0.05), 
significant toxicity (p < 0.05), and high toxicity @ < 0.05 and mean response >20 percent difference from controls) 
were determined for the results of the amphipod tests alone and for the results of any one of the tests performed. 

Results of the analyses (summarized in Table B-2) suggest that highly toxic responses occurred in 10 percent of 
the samples in the amphipod tests and 5 percent of the samples in any one of the tests perfonned when all chemical 
concentrations were less than their respective TELvalues. These samples were analogous to those classified as Tier 3 
in this report (i.e., all chemical concentrations less than the screening values). When one or more chemicals exceeded 
TEL concentrations, but all concentrations were lower than the PEL concentrations (analogous to Tier 2), the perceut- 
ages of samples indicating high toxicity were 17 percent in the ampipod tests alone and 59 percent in any one of the 
tests performed. The incidence of high toxicity in the amphipod tests increased From 13 percent when only one TEL 
value was exceeded to 52 percent when 20-27 TELs were exceeded. The incidence of toxicity in any one of the tests 
increased from 31 percent when 1-5TELs were exceeded to 63 percent when 20-27 TELs were exceeded. In samples 
analogous to those classified as Tier 1 (one or more PELs exceeded), the incidence of high toxicity was 38 percent in 
amphipod tests and 78 percent in any one of the battery of tests performed. If both the significant and highly toxic 
results were combined in the Tier 1 samples, the percentage of samples indicating toxicity increases to 51 percent in 
amphipod tests and 86 percent in any one of the tests. As with the TELs, the incidence of toxicity increased with 
increasing number of chemicals that exceeded the PELs. 



Table B-2. Incidence of 'Ibxicity in Amphipod Survival TestsAlone and Any One of 2-4 Tests Performed in 
Samples Analogous to Those Classified as Tier 1,2, or 3 (Prom Long et al., in press) 

Apparent Effects Thresholds 

The AET approach is another empirical data evaluation approach to defining concentrations in sediment associ- 
ated with adverse effects. Barrick et al. (1988) reported that AETs can be developed for any measured chemical 
(organic or inorganic) with a wide concentration range in the field. The AET concept applies to matched field data for 
sediment chemistry and any observable biological effects (e.g., bioassay responses, infaunal abundances at various 
taxonomic levels, bioaccumulation). By using these different biological indicators, application of the resulting sedi- 
ment quality values enables a wide range of biological effects to be addressed in the management of contaminated 
sediments. Using sediment samples from Puget Sound in Washington State, AET values have been developed for 52 
chemicals: 10 trace metals, 15 individual polynuclear aromatic hydrocarbons (PAHs), 3 pesticides (p,p'-DDD, p,p'- 
DDE, p,p'-DDT). 6 halogenated organics, and 18 other compounds. 

The focus of the AET approach is to identify concentrations of contaminants that are associated exclusively with 
sediments exhibiting statistically significant biological effects relative to reference sediments. AET values were based 
on measured chemical concentrations per dry weight of sediment. AETs for each chemical and biological indicator 
were developed using the following steps (Barrick et al., 1988). 

1. 	 Collected "matched" chemical and biological effects data-Conducted chemical and biological effects test- 
ing on subsamples of the same field sample. 

2. 	 Identified "impacted" and "nonimpacted" stations-Statistically tested the significance of adverse biologi- 
cal effects relative to suitable reference conditions for each sediment sample and biological indicator. 

3. 	 Identified the AET using only "nooimpacted stations-For each chemical, the AET was identified for a 
given biological indicator as the highest detected concentration among sediment samples that did not exhibit 
statistically significant effects. 

4. 	 Verified that statistically significant biological effects were observed at a chemical concentration higher than 
the AET;otherwise, the AET was only a preliminary minimum estimate. 

5.  	 Repeated steps 1-4 for each biological indicator. 

For a given data set, the AET value for a chemical js the sediment concentration above which a particular adverse 
biological effect for individual biological indicators (amphipod bioassay, oyster larvae bioassay, Microtox bioassay, 
and benthic infauual abundance) is always significantly different statistically relative to appropriate reference condi- 
tions. Two thresholds were recognized in the evaluations conducted in this report, when possible, based on the differ- 
ent indicators. EPA defined the AET-low as the lowest AET among applicable biological indicators, and the AET-high 
as the highest AET among applicable biological indicators. The use of the highnow AET values is not a recommenda- 
tion of the authors of the approach; rather it was developed for the NSI evaluation. The two thresholds were used in 
this evaluation to give a range of effects values (as with the ERLERMs and TELIPELS). AET values based on 
Microtox bioassays were not used for the NSI evaluation. 



Sediment toxicity tests provide important information on the effects of multiple chemical exposures to assist in the 
evaluation of sediment quality. Methods for testing the acute and chronic toxicity of sediment samples to benthic 
freshwater and marine organisms have been developed (see reviews in API, 1994; Burton et al., 1992; Lamberson et al., 
1992: USEPA, 1994b, c) and usedprimarily for dredged material evaluation (USEPA and USACOE, 1994). The NSI data 
contain acute sediment toxicity results from tests in which organisms were exposed to field-collected sediments and 
monality was recorded. Results of whole sediment and elutriate toxicity tests were used in the evaluation of the NSI. 

Variations in observed toxicity from tests of the same sediment sample may be attributed to the relative sensitivities 
of the species used in the tests; disruption of geochemistry and kinetic activity of bedded sediment contaminants during 
sampling, handling, and bioturbation; and laboratory-related confounding factors &amberson et al., 1992). Recent 
studies indicate that aqueous representations of whole sediment (e.g., elutriate) do not accurately predict the bioavail- 
ability of some contaminants compared to whole-sediment exposures (Harkey et al., 1994). Acute sediment toxicity tests 
have been widely accepted by the scientific and regulatory communities and the results can be readily interpreted, 
although more work is needed on chronic testing (Thomas et al., 1992). Appendix G presents the methodology for 
evaluating sediment toxicity tests as applied in the NSI data evaluation. 

Human Health Assessments 

In the evaluation of NSI data, two primary evaluation parameters were used to assess potential human health 
impacts from sediment contamination: (1) sediment chemistry theoretical bioaccumulation potential and (2) tissue levels 
of contaminants in demersal, nonmigratory species. 

Theoretical Bioaccumulation Potential 

The theoretical bioaccumulation potential (TBP) is an estimate of the equilibrium concentration of a contaminant in 
tissues if the sediment in question were the only source of contamination to the organism (USEPA and USACOE, 1994). 
The TBP calculation is used as a screening mechanism to represent the magnitude of bioaccumulation likely to be 
associated with nonpolar organic contaminants in the sediment. At present, the TBP calculation can be performed only 
for nonpolar organic chemicals; however, methods for TBP calculations for metals and polar organic chemicals are under 
development (USEPA and USACOE, 1994). 

The environmental distribution of nonpolar organic chemicals is controlled largely by their solubility in various 
media. Therefore, in sediments they tend to occur primarily in association with organic matter (Karickhoff, 1981 )and in 
organisms they are found primarily in the body fats or lipids (Bierman, 1990; Geyer et al., 1982; Konemann and van 
Leeuwen, 1980; Mackay, 1982). Bioaccumulation of nonpolar organic compounds from sediment can be estimated from 
the organic carbon content of the sediment, the lipid content of the organism, and the relative affinities of the chemical 
for sediment organic carbon and animal lipid content (USEPA and USACOE. 1994). It is possible to relate the concentra- 
tion of a chemical in one phase of a two-phase system to the concentration in the second phase when the system is in 
equilibrium. The TBP calculation focuses on the equilibrium distribution of a chemical between the sediment and the 
organism. By normalizing nonpolar organic chemical concentration data for lipid in organisms, and for organic carbon 
in sediment, it is possible to estimate the preference of a chemical for one phase or the other (USEPA and USACOE, 
1994). 

TheTBP can be calculated relative to the biota-sediment accumulation factor (BSAF), as in the following equation 
(USEPA andUSACOE, 1994): 

TBP = BSAF(C, I f,)f, 

where TBP is expressed on a whole-body basis in the same units of concentration as Cs and 

TBP = theoretical bioaccumulation potential (ppm); 

c, = concentration of nonpolar organic chemical in sediment (ppm); 




c,
BSAF 

= 
= 

concentration of nonpolar organic chemical in sediment (ppm); 
biota-sediment accumulation factor (ratio of the concentration of a chemical in tissue, 
normalized to lipid, to the concentration of the chemical in surface sediment, normalized to 
organic carbon (in kg sediment organic carbon~kg lipid)); 

f, 
= total organic carbon (TOC) content of sediment expressed as a decimal fraction (i.e., 1 

percent = 0.01); and 

f~ 
= organism lipid content expressed as a decimal fraction (e. g., 3 percent = 0.03) of fillet or 

wholebody dry weight. 

BSAF values used in the TBP evaluation are discussed in Appendix C. If TOC measurements were not available 
at a site, f, was assumed to be 0.01 (1 percent). 

For the evaluation of NSI data, EPA selected a 3 percent lipid content in fish fillets for the TBP calculation for 
assessing human health effects from the consumption of contaminated fish. Lipid normalization is now part of the EPA 
guidance on bioaccumulation, and the current national methodology uses a 3 percent value for human health assess- 
ments. The Great Lakes Water Quality Iniriative Technical Support Document for the Procedure to Determine 
Bioaccumulation Factors (USEPA, 1995b) uses a 3.10 percent lipid value for trophic level 4 fish and 1.82 percent for 
trophic level 3 fish in its human health assessments. 

As part of the NSI TBP evaluation, EPA also evaluated percent lipid measurements included in the STORET 
database, the National Study of Chemical Residues in Fish (NSCRF; USEPA, 1992b), and other published sources, and 
compared those values to the value selected for the NSI evaluation (Appendix C). The mean fillet percent lipid content 
for various groups of fish species in the STORET database ranged from 0.753 to 4.49 percent; in the NSCRF, mean 
fillet values ranged from 1.6 to 4.9 percent. The mean whole-body percent lipid content for various groups of fish 
species in the STORET database ranged from 3.757 to 6.33 percent; in the NSCRF, mean whole-body values ranged 
from 4.6 to 8.8 percent. 

In the NSI data evaluation approach, TBP values were compared to U.S. Food and Drug Administration tolerance/ 
actionlguidance levels and EPA risk levels. These parameters are discussed below. 

FDA Tolerance/Action/GuidanceLevels 

The U.S. Food and Drug Administration (FDA) is responsible for the safety of the Nation's commercial food 
supply, including fish and shellfish, for human consumption. Under the authority of the Federal Food, Drug and 
Cosmetic Act (FFDCA), FDA ensures that regulated products are safe for use by consumers. The FFDCA authorizes 
FDA to conduct assessments of the safety of ingredients in foods. The key element of the FFDCA, and the source of 
FDA's main tools for enforcement, is the prohibition of the "adulteration" of foods. FDA can prescribe the level of 
contaminant that will render a food adulterated and, therefore, can initiate enforcement action based on scientific data. 
The establishment of guidance and action levels (informal judgments about the level of a food contaminant to which 
consumers can be safely exposed) or tolerances (regulations having the force of law) is the regulatory procedure 
employed by FDA to control environmental contaminants in the commercial food supply. 

During the 1970s, the available detection limits were considered to demonstrate elevated contamination and were 
used as action levels. Since that time, FDA has focused on using risk-based standards. These standards have been 
derived by individually considering each chemical and the species of fish it is likely to contaminate. FDA also 
considered (I) the amount of potentially contaminated fish eaten and (2) the average concentrations of contaminants 
consumed. FDA has established action levels in fish for 10 pesticides and methylmercury, tolerance levels for poly- 
chlorinated biphenyls (PCBs), and guidance for 5 metals. 

EPA Risk Levels 

Potential impacts on humans are evaluated by estimating potential carcinogenic risks and noncarcinogenic haz- 
ards associated with the consumption of chemically contaminated fish tissue. In this assessment it was assumed that 
the only source of contamination to fish is contaminated sediment. The procedures for estimating human health risks 
due to the consumption of chemically contaminated fish tissue are based on Risk Assessment Guidance for Supefund 



(USEPA, 1989) and Guiahnce for Assessing Chemical Contamination Data for Use in Fish Advisories, Volume II: 
Development of Risk-Based Intake Limits (USEPA, 1994a). 

EPA human health risk assessment methods were used in this assessment to determine the levels of contamination in 
fish that might result in a I@'cancer risk (1in 100,000 extra chanceof cancer over a lifetime) or a noncancer h a d  in 
humans. A 10" risk level exceeds the lower bound (i.e., lo6) but is lower than the upper bound (i.e., 10") of the risk range 
accepted by EPA (USEPA, 1990). 

Human health cancer risks and noncancer hazards arebased on the calculation of the chronic daily intake (CDI) of 
contaminants of concern: 

CDI = (EPC)(IR)(EF)(ED) 
(BW)(AT) 

where: 

CDI = chronic daily intake (mgikglday); 

EPC = exposure point concentration (contaminant concentration in fish); 

IR = ingestion rate (6.5 g/day); 

EF = exposure frequency (365 dayslyear); 

ED = exposure duration (70 years); 

BW = body weight (70 kg); and 

AT = averaging time (70 years x 365 dayslyear). 


These are the same parameter values used by EPA to develop human health water quality criteria. Carcinogenic 
risks are then quantified using the equation below: 

Cancer risk, =CDI, xSF, 

where: 


Cancer riski = the potential carcinogenic risk associated with exposure to chemical i (unitless); 

CDIi = chronic daily intake for chemical i (mglkg1day);and 

SF, = slope factor for chemical i (mglkg1dayY'. 


The hazard quotient, which is used to quantify the potential for an adverse noncarcinogenic effect to occur, is 
calculated using the following equation: 

CDI,
HQ,=-


Rfl),


I where: 


HQ, = hazard quotient for chemical i (unitless); 

CD; = chronic daily intake for chemical i (mg/kg/day); and 

RtJl, = reference dose for chemical i (mgikglday). 


I If the hazard quotient exceeds unity (i.e., I), an adverse health effect might occur. The higher the hazard quotient, 
the more likely that an adverse noncarcinogenic effect will occur as a mull  of exposure to the chemical If the 
estimated hazard quotient is less than unity, noncarcinogenic effects are unlikely to occur. 

Using these formulas, the fish tissue concentration (EPC)of a contaminant that equates to a cancer risk of 10-br 
a hazard quotient that exceeds unity can be back-calculated. 

Cancer risk: 



Noncancer hazard: 

EPC = (BW)(AT)(IUDi)(C,) 
(IR)(EF)(ED) 

where: 

C1 = conversion factor (10' glkg). 

Tissue Levels of Contaminants 

In addition to sediment chemistry TBP values, measured levels of contaminants in the tissues of resident aquatic 
species were used to assess potential human health risk. As was the case with the evaluation of TBP values, the NSI 
evaluation approach compared contaminant tissue levels to FDA tolerance/action/guidancelevels and EPA risk levels. 
Each of these parameters was discussed in the previous section. In such a comparison it is assumed that contaminant 
concentrations in tissue result from bioaccumulation of contaminants in the sediment. 

Wildlife Assessments 

In addition to the evaluation parameters described above for the assessment of potential aquatic life and human 
health impacts. EPA also conducted a separate analysis of potential wildlife impacts resulting fromexposure to sediment 
contaminants. 

Wildlife criteria based on fish tissue concentrations were derived using methods similar to those employed for 
deriving EPA wildlife criteria, as presented in the Great Lakes Water Quality Initiative Criteria Documents far the 
Protection of Wildlife (USEPA, 1995a). EPA has developed Great Lakes Water Quality Wildlife Criteria for four chemi- 
cals: DDT, mercury,2,3,7,8-TCDD, andPCBs. A Great Lakes Water Quality Wildlife Criterion (GLWC) is the concentra- 
tion in the water of a substance that, if not exceeded, protects avian and mammalian wildlife populations from adverse 
effects resulting from the ingestion of surface waters and aquatic prey (USEPA, 1995a). Wildlife values are calculated 
using the equation: 

(NOAEL @SF) xWt, wv = 
WA +(FA XB*) 

where: 

WV = wildlife value (m&); 

NOAEL = no-observed-adverseeffect level, as derived from mammalian or avian studies (mgkg-d); 


WtA 
= average weight for the representative species identified for protection (kg); 


'v A 
= average daily volume of water consumed by the representative species identified for protec- 


tion &Id); 
SSF = species sensitivity factor, an extrapolation factor to account for the difference in toxicity 

between species; 
= average daily amount of food consumed by the tepresentative species identified for protec- 

tion (kgld); and 
BAE = 	 bioaccumulation factor (Likg), the ratio of the concentration of a chemical in tissue, normal- 

ized to lipid, to the concentration in ambient water. Chosen using guidelines for wildlife 
presented in appendix B to part 132, Methodology for Development of Bioaccumulation 
Factors (FederaiRegister, Vol. 58, No. 72, April 16,1993). 

In the development of the four GLWCs, wildlife values for five representative Great Lakes basin wildlife species 
(bald eagle, herring gull, belted kingfisher, mink, and river otter) were calculated, and the geometric mean of these values 
within each taxonomic class (birds and mammals) wasdetermined. The GLWC is the lower of two class-species means 
(USEPA, 1995a). 

5 



The wildlife values are considered to be generally protective of wildlife species. However, it should be noted that 
the approach is not based on the most sensitive wildlife species, but rather a typical class of either avian or mammalian 
piscivores. Despite this limitation, this approach is still considered appropriate and conservative because of the many 
conservative assumptions used to derive these wildlife values (e.g., species sensitivity factors, assumption that animals 
consume only contaminated fish). 

Proposed EPA wildlife criteria are based on surface water contaminant levels protective of potential wildlife 
exposure. Thus, the proposed EPA wildlife criteria cannot be compared directly to the NSI fish tissue concentrations 
(either the calculated TBPs or fish tissue monitoring data). Therefore, it was necessary to develop an approach for 
estimating wildlife criteria for fish tissue based on the same toxicity and exposure parameter assumptions that were 
used to derive the surface water wildlife criteria. First, wildlife values (i.e., fish tissue concentrations protective of 
wildlife) were derived for the most sensitive mammalian species (i.e., otter and mink) and avian species (i.e., king- 
fisher, herring gull, and eagle)-the same species used to derive the proposed EPA wildlife criteria. The equation used 
to estimate wildlife values for fish tissue is presented below. (Exposure assumptions used for each species are pre- 
sented in USEPA, 1995a.) 

[NOAELx SSF]x Wt, 
W"m = 

F A  
where: 

"J",, = wildlife value for fish tissue (mgkg); 
NOAEL = no-observed-adverse-effect level (mgkg-day); 
SSF = species sensitivity factor 
w t ~  = average weight of animal in kilograms (kg); and 
F~ = average daily amount of food consumed &?/day). 

Secondly, the geometric mean of the wldlife values was calculated for the mammal group, as well as for the avian 
group. Finally, the lower of the two geometric mean values was considered the wildlife criterion for fish tissue for a 
given chemical. 

It should be noted that direct ingestion of surface water was included when developing proposed EPA wildlife 
criteria for surface water. This exposure route, however, was not considered when evaluating NSI data, even though 
sediment contamination might result in contamination of sulface water available for wildlife consumption. A sensitiv- 
ity analysis was conducted to evaluate the impact of excluding the surface water ingestion exposure route. Based on 
this analysis, ingestion of surface water contributes less than 0.0001 percent of the total exposure (i.e., ingestion of fish 
and water). Therefore, excluding the water ingestion exposure route had no significant impact on the evaluation of 
NSI data with regard to potential wildlife impacts. 

W~ldlifecrite~derivedfor DDT, m e w , 2,3,7,8-TCDD,and PCBs based on lkh tissuecomtration arepresented below. 

Fish 'lissue 
Criterion i m w  

DDT 

Mercury 

2,3.7,8-TCDD 

PCBs 


The wildlife criteria were compared to measured fish tissue residue data contained in the NSI and to TBPs calcu- 
lated for DDT, 2,3,7,-TCDD, and PCBs. Mercury is not a nonpolar organic chemical, and thus aTBP for mercury was 
not calculated. A whole-body lipid value of 10.31 was assumed for the TBP evaluation of potential wildlife impacts, 
based on the GreafLakes Water Qualiq Technical Support Documenf forrhe Procedure to Defermine Bionccumularion 
Factors (USEPA, 1995b). 
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Appendix C 


Method for Selecting Biota- 
Sediment Accumulation 
Factors and Percent Lipids in 
Fish Tissue Used for Deriving 
Theoretical Bioaccumulation 
Potentials 

Theoretical bioaccumulation potentials (TBPs) are empirically derived potential concentrations that might 
occur in the tissues of fish exposed to contaminated sediments. TBPs are computed for nonpolar organic 
chemicals as a function of sediment concentrations, fish tissue lipid contents, and sediment organic carbon 

contents. Four separate pieces of information are required to compute the TBP for nonpolar organic chemicals: 

1. Concentration of nonpolar organic compound in sediment. 
2. Organic carbon content of the sediment. 
3. Biota-sediment accumulation factor (BSAF). 
4. Lipid content in fish tissue. 

The details of the TBP calculations and related assumptions are found in Appendix B of this report to Congress. 
This appendix describes the approach used to develop the BSAFs used in the NSI TBP evaluation and to evaluate fish 
tissuelipid content data from~~electedinformation sources for comparison to the values used in the NSI TBP evalu- 
ation. he BSAF values used for each chemical evaluated are presented in Appendix D. 

Chemicals considered for fish tissue residue evaluation as part of the NSI data evaluation have at least one 
screening value available, and the sum of positive sediment results and positive tissue results is greater than 20 
observations. BSAF values were assigned to all nonpolar organic chemicals in the NSI having available screening 
values. These screening values are risk-based concentrations (RBCs) developed either from carcinogenic potency 
slopes or from oral reference doses. Carcinogenic potency slopes and reference doses were obtained from IRIS 
(USEPA, 1995) and HEAST (USEPA, 1994b). Other screening values used for comparison to TBP values and tissue 
data are U.S. Food and Drug Administration (FDA) tolerancelaction/guidancelevels and EPA wildlife criteria. The 
BSAF values used in the analysis are presented in Appendix D along with the screening values discussed above. 

Method for Selecting BSAFs 

Biota-sediment accumulation factors (BSAFs) are transfer coefficients that relate concentrations in biota to con- 
centrations in sediment. They are calculated as the ratio of the concentration of nonpolar organic chemical in fish 
tissue (normalized by lipid content) to the concentration of nonpolar organic chemical in sediment (normalized by 
organic carbon content). At equilibrium, BSAFs are in theory approximately 1.0. In practice, BSAFs can be greater 
than or less than 1.0 depending on the disequilibrium between fish and water, and that between water and sediment. 
Although based on partitioning theory, field measured BSAFs empirically account for factors such as metabolism and 



food chain biomagnificaiton. BSAFs can vary depending on the biota, dynamics of chemical loadings to the water 
body, food chain effects, and rate of sediment-water exchange. Thus, measured BSAF values will depend on many 
site-specific variables including hydraulic, biological, chemical, and ecological factors that affect bioavailability. 
The accuracy of a BASE measured at one location at a point in time, when applied to anotherlocation at another point 
in time depends on two factors: (1) the degree to which variation from a theoretical BSAF of 1.0 is controlled by 
inherent properties of the chemical as opposed to environmental conditions of the locale, and'(2) the degree of 
similarity between environmental conditions at the place of measurement and place of application. 

BSAF values were assigned only to nonpolar chemicals in the NSI. This section describes how the BSAF values 
used for the TBP assessment were selected from recommended values for specificchemicals. 

BSAFs used in the NSI TBP evaluation were obtained fromthe EPA Officeof Research and Development (EPAI 
ORD) Environmental Research Laboratories at Duluth, Minnesota (Cook, 1995) and Narragansett, Rhode Island 
(Hansen, 1995).In some cases (i.e., EPAIORD-Duluth), BSAFs were provided for specific chemicals; in other cases 
(i.e.,EPAIORD-Narragansett), BSAFs were provided by chemicalclass. Recommended BSAFs from each laboratory 
are described below. 

EPA Environmental Research Laboratory, Duluth 

BS& recommendations obtained fromE~N0RD-Duluthincluded mainly chemical-specific values for: 

PCB congeners 
Pesticides 
DioxinslFurans 
Chlorinated benzenes 

The recommended values from EPAIORD-Duluth were based on BSAF data compiled from various sites and studies. 
Data were selected based on the following criteria (Cook, 1995): 

The primary source of chemical exposureto food webs was through release of chemicals in sediments. 
The BSAF was derived for pelagic organisms (i.e., fish). 
Chemicalsin sediments and biota were at roughly steady state with respect to environmental loadingsof the 
chemical. 

Pelagic BSAF data which predict relative bioaccumulation potentials of different chemicals are available for 
ecosystems in which sediments are a primary source of the chemicals to pelagic food webs through release of chemi-
cals to the water. Little or no BSAF data exist for sites in which water and sediments are at steady-state with respect 
to external chemical loadings. The best BSAFdata for fish are those measured for Lake Ontario and used to estimate 
BAFs in the Technical Support Document (TSD) for the Great Lakes Water QualityInitiative (GLWQI) (Cook, 1995; 
Cook et al., 1994; USEPA, 1994a). The lake Ontario BSAFs are based on a large set of sediment and fish samples 
collected in 1987(USEPA, 1990). The BSAFs for PCDDs, PCDFs and co-planarPCB congeners are available from 
ORD-Duluth data. Additional BSAFs for PCBs and pesticides are available from the data of Oliver and Niimi 
(1988). These contemporary BSAFs are estimated to be approximately 20 to 25 percent of BSAFs when Lake 
Ontario surface sediments and water are at steady-statewith chemical loading to the ecosystem; a condition which 
probably existed in the 1960s. EPA has measured BSAFs in the Fox River and Green Bay in Wisconsin and find 
similar values despite much different species and exposure conditions (Cook, 1995). 

EPA Environmental Research Laboratop, Narragansett 

EPAIORD-Narragansettprovided a second source of information for selecting BSAF values. Probability distri-
bution curves for selecting BSAFs were presented by EPAIORD-Narragansett for three chemical classes: 



PAHs 
PCBS' 
Pesticides 

EPAIORD-Narragansett researchers developed cumulative probability curves for each chemical class from their da-
tabase of BSAFs (Hansen, 1995). The database from which general BSAF recommendations were summarized in-
cluded data from laboratory and field studies conducted with both freshwater and marine sediments. Data must be 
fromspecies thatdirectly contact sediments or feed on organisms that live in sediments, i.e., benthic invertebratesand 
benthically coupled fishes. 

Overall the databasecontained more than 4,000 BSAF observations. Cumulative probability curves summariz-
ing the BSAF data in the database were provided by Hansen (1995) for PAHs, PCBs, and pesticides. BSAF values 
were tabulated for several probability percentiles. These findingshave been published in Tracey and Hansen, 1996. 

Approachfir SelectingBSAFsfrom Recommended Values 

The general approach for selecting a BSAF for a chemical follows: 

Use a chemical-specific value for the BSAF, if available. 
If no chemical-specific value is available,use a BSAF derived for a chemical category. 
For chemicals having no specificinformation on the BSAF, use a default value of 1. 

The EPAIORD-Narragansett values for the BSAF were selected as the 50th percentile of the distribution of 
BSAFs by chemical class (Table C-1). The BSAF values from EPAIORD-Duluth were averages of individual data 
points for specificchemicals. The preference for central tendency measures reflects risk management that imples an 
approximate 50 percent chance of bioaccumulation to a predicted level. Other components of the EPA risk levels for 
fish tissue chemical residues and FDA action~tolerancelguidance,such as toxic potency (cancer potency factor and 
oral reference doses) and exposure frequency, reflect more precautionary and protective risk management. 

Because there was some overlap between the categories of chemicalsfor which BSAF values wererecommended, 
the following approach was used to assign BSAFs to specific cbemicals in the NSI (Table C-2). For dioxins and 
furans, chemical-specific values recommended by EPNORD-Dulutb were applied; for PCBs, the value for total 
PCBs recommended by EPAIORD-Dulutb was used. When using BSAFs from USEPA (1994a), values from the 
study by Cook et al. (1994) were preferred over values reported by Oliver and Niimi (1988). 

Pesticides received recommendations fromboth laboratories. The BSAFs developed by EPAIORD-Narragansett 
were for benthic organisms and demersal (bottom-dwelling)fishes. The BSAFs developed by EPA/ORD-Duluth,on 

I Table C-1. EPAIORD-Narragansett Data BSAF Distributions (kg sediment organic carbonkg Lipid) 



Table C-2. Conventions for Assigning BSAFs to Nonpolar Organic Compounds in NSI 

the other hand, were for benthically coupled pelagic (open-water) fishes. BSAFs from EPAIORD-Narragansett were 
used for pesticides having log Kowvalues less than 5.5. For pesticides having log Kowvalues greater than or equal to 
5.5, the BSAF values from EPAIORD-Duluth were used. BSAF values selected by this approach are more appropri-
ate because food web transfer to pelagic fishes is considered to be a more imponant process for chemicals having 
high log Kw values. Exposure through environmental media, as in direct contact with sediments by benthic organ-
isms, is a more important process for chemicals having low log Kowvalues. Chemicals having no recommended 
BSAF values available were assigned a default BSAF of 1. 

Evaluation of !Tissue Lipid Content 

BSAF Value Used in 
Evaluatton 

0.059 

1.85 

1.80 

See ckmkaLspecific BSAF 
given in Appendix D 

0.29 

1.O 

Category of Chedcal 

Dioxiw 

PCBs 

Peslicidcs 

PAHs 

Halogenated and other 
compounds 

Fish tissue lipid content enters the risk screening assessment as the normalizing factor in the numerator of the 
TBP equation. Normalizing by organic carbon content removes much of the site-to-s~tevariation in the sorption of 
nonpolar organic chemicals by sediments (Karickhoff et al., 1979). In a similar manner, normalizing by lipid content 
can eliminate much site and species variation in the tendency of organisms to bioaccumulate nonpolar organic com-
pounds (Esser, 1986). Lipid contents can vary naturally with species, site, season, age and size of fish, and trophic 
level. In addition, reported lipid contents can vary significantly depending on the analytical method (Randall et al., 
1991). 
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The purpose of this section is to evaluate the percent fish lipid content data from various sources and compare 
these values to those selected for use in the NSI evaluation (i.e., 3.0 percent for fillets for human health TBP evalua-
tions and 10.31 for whole body wildlife TBP evaluations). 

The remainder of this section describes the lipid data sources evaluated and analysis of the lipid content data. 

SourcesofLipidData 

Lipid data used for comparison with the percent lipid values selected for the NSI evaluation were obtained from 
three major sources: 

EPA's water monitoring database, STORET. 
National Srudy of Chemical Residues in Fish, or NSCRF (USEPA, 1992). 
U.S. Department of Agriculture's (USDA's) Composition ofFoods (Dickey, 1990). 



Additional sources included examples of whole fish and fillet lipid contents taken from the recent literature. 

Each of the three major sources is described in the following paragraphs. 

STORET 

The STORET database was the single largest source of reported data on fish tissue lipid contents. Data stored 
under various parameter codes for lipid content in STORET were converted into units of percentage. Some screening 
of the data was performed as follows: 

Records were retrieved fromJanuary 1990 to March 1995. 

Reported lipid contents greater than 35 percent were eliminated because they were significantlygreater than 
the 90th percentile. 

Only records having an anatomy code of "whole organism" or "fillet" were included. Records with a code of 
"fillet/skin" or "edible portion" were excluded. 

Data that appeared to be reversed (i.e., fillet percent lipid was greater than whole organism lipid) were also 
not considered. 

Also not considered were records in which the minimum and maximum were equal, or very nearly equal, 
when the number of observations was large. 

There is less consistency in the data obtained from STORET relative to the NSCRF databecause the analysesin 
STORET were conducted by numerous laboratories around the Nation. Data reported under different parameter 
codes (i.e., differentmethods for lipids) were grouped for the analysis. Moreover, the quality of the data in STORET 
is unknown. STORET data are compiled by species in Table C-3. The fishes are divided by trophic level and habitat 
into four subtables (Tables C-3a through C-3d) for the combinationsof trophic levels 3 and 4 and epibenthic (bottom-
dwelling) and pelagic (water column-dwelling)habitat. 

National Study of Chemical Residues in Fish 

The second largest database on fish tissue lipid contentwas availablefrom the NSCRF (USEPA, 1992)Fable C-3). 
This set of lipid analysis data was taken in conjunction with analyses for dioxinslfurans. An advantage of this data-
base is that all of the lipid measurements were performed by the same laboratory using the same method. The data 
were screened to exclude data for fish species for which two or fewer observations were made. 

( USDA Reporr on Composition of Foods 

A summary of a relatively small database on the composition of fish and shellfish foods and food products was 
available fromUSDA (Dickey, 1990).The section on fish and shellfish in the report coordinated by Dickey (1990) 
came from an earlier USDA report by Exler (1987). Data presented by Exler (1987) for various fish species were 
summarized from the USDA's Nutrient Data Bank (NDB). Records in the NDB are based primarily on published 
scientificreports and technical journal articles. To a lesser extent, the NDB contains unpublished data from indus-
trial, government, and academic institutions under contract with the Human Nutrition Information Service. Lipids 
data are given in percentage of edible portion, where "edible portion" is the part of food customarily considered 
edible in the United States. Records were available for 32 fishes. 
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Table C-3c. Lipid Contents of 'Itophic Level 4, Epibenthic Fishes 
Whole Fish Lipid 
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Lipids data were analyzed for comparison with the screening value selected for the NSI evaluation by computing 
averages. Eight averages of data for fishes of the following categories for data in STORET (Table C-4a) and the 
NSCRF (Table C-4b) were computed (and labeled A-H): 

A. Trophic levels 3 and 4, whole body 
B. Trophic levels 3 and 4, whole body, excluding migratory and saltwater fishes 
C. Trophic level 4, pelagic, fillet 
D. Trophic level 4, pelagic, fillet, excluding migratory and saltwater fishes 
E. Resident, freshwater, demersal fishes, whole body 
F. Resident, freshwater, pelagic fishes, whole body 
G. Resident, freshwater, demersal fishes, fillet 
H. Resident, freshwater, pelagic fisbes, fillet. 

Data for fillets and whole fish were evaluated separately. All analyses except "A" were of fishes in the NSI 
exclusively. Summary statistics reported include the mean, standard error, range, and number of observations. The 
matrices in Tables C-4a and C4-b indicate the categories of fishes averaged. The average of edible portions from 
USDA data was 4.1 percent lipid. 

The mean fillet percent lipid content for various groups of fish species in the STORETdatabase ranged from 0.753 
to 4.49 percent; ih the NSCRF, mean fillet values ranged from 1.6 to 4.9 percent. The mean whole-body percent lipid 
content for various groups of fish species in the STORET database ranged from 3.757 to 6.33 percent; in the NSCRF, 
mean whole-body values ranged from 4.6 to 8.8 percent. 
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Table C-4b. Lipid Analysis - NSCRF 
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Appendix D 

Screening Values for 

Chemicals Evaluated 


Sediment Concentrations 

Table D-l presents the screening values used in the evaluation of NSI sediment chemistry data. Values listed 
in this table are in pans per million (ppm) except for the values for EPA draft sediment quality criteria 
(SQC,) and sediment quality advisory levels (SQALJ, which are in micrograms per gram (pglg) organic 

carbon. These values were multiplied by the organic carbon content (f_) of the sediment sample, when known, or 
the default value if unknown (f_ = 0.01). SQALs used in this analysis were calculated specifically for use in the 
screening analysis of NSI data. Effects range-low (ERL) and effects range-median (ERM)values were taken from 
Long et al. (1995). Apparent effects threshold-low (AET-L) and apparent effects threshold-high (AET-H) values 
listed are values that have been normalized to dry weight. AET-Ls and AET-Hs were taken from Barrick et al. 
(1988). Threshold effects levels (TELs) and probable effects levels (PELS) were taken from FDEP (1994). 

Fish Tissue Concentrations 

Fish tissue concentrations are presented in the right columns of Table D-1. EPA risk levels were calculated for 
both a human health cancer risk of lo-' and a noncancer hazard quotient of 1 (USEPA, 1995a, b). Other available 
EPA sources were consulted as necessary for risk-based concentrations to be used in a screening analysis, including 
the Environmental Criteria and Assessment Oftice (as cited in USEPA, 1995~). FDA guidance/action~tolerance 
levels were obtained from the FDA Office of Seafood (DHHS, 1994; 40 CFR 180.213a and 180.142: USFDA, 1993a, 
b, c, d, e). 

Biota-Sediment Accumulation Factors 

The final column in Table D-1 presents the biota-sediment accumulation factors (BSAFs) used in the analysis. 
The BSAFs were adopted for use in the theoretical bioaccumulation potential (TBP) calculations that represent 
potential concentrations that might occur in tissues of fish exposed to contaminated sediments. The methodology 
used in deriving BSAFs and other parameters used in the TBP calculations are described in Appendix C of this 
document. 

Methodology for Combining Chemical Data Using a Risk-Based Approach 

Several screening values, as provided in the original source documents, refer to groups of chemicals. The 
majority of the data included in the NSI exist as specific chemicals. To perform a screening analysis that accommo- 
dates the way the data exist in the NSI and provides a reasonably conservative risk-based approach, chemical data 
were combined in particular cases. 

Two of the chemical groups affected by this approach are polychlorinated biphenyls (PCBs) and dioxin com- 
pounds. The data for PCBs in the NSI occur in three ways: (I) total PCBs, (2) PCB congeners, and (3) PCB aroclors. 
The data for the PCB congeners were summarized (excluding as appropriate the lower chlorinated homologs that 
may be present as laboratory artifacts) to provide a total PCB value where one was not provided by the original 
database. This summarization enabled comparisons to the screening values available for total PCBs. Aroclor-spe- 
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cific data were analyzed separately. In addition, the dioxin congeners were evaluated using the toxicity equivalence 
factor (TEE) approach (USEPA, 1989). This approach involves summarizing specific dioxin congeners based on 
their toxicity as compared to 2,3.7,8-tetrachlorodibenzo-p-dioxin,for which screening values are available. PCBs 
and dioxin represent the only cases where chemical data were actually combined for the NSI evaluation. 

Because EPA typically performs risk-based screening by analyzing closely related chemicals with the same risk- 
based concentrations, this methodology was applied to the NSI evaluation. If no screening values were available for 
a certain chemical, but were available for a closely related chemical or group of chemicals, the lower or more 
conservative screening values of the closely related chemicals were used in analyzing the chemicals without screen- 
ing values. This methodology was applied only for chemicals or chemical groups with more than 20 positive results. 
The following chemicals and chemical groups were affected by this methodology: BHCs, chlordanes, cresols, DDT 
and metabolites, dichlorobenzenes, endosulfans, methylmercury, anthracene and phenanthrene, benzo(afanthracene1 
chrysene, xylenes, and PCBs (in applying screening values to aroclors with no available screening values). 

FrquencyofDetection 

The frequency at which a given chemical or chemical group is responsible for sites in the NSI being categorized 
as Tier 1 or Tier 2 is often a reflection of the number of times that chemical is measured and detected in sediment 
samples. Thus, chemicals that are measured and detected less frequently might not often be identified as posing a 
potential risk to aquatic life or human health, even though the chemical is highly toxic. Table D-2 lists the number 
of times each chemical included in the NSI evaluation was measured and detected (i.e., a positive result) in sediment 
and fish tissue and the number of times each chemical was responsible for Tier 1 or Tier 2 sampling stations being 
classified. 
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BObasrvatiansrecorded here mrrespond only to a8tiona with available latitudelongitude coordinates. 
'Fiah tissue rraulta arc prrasnlsd for demusal, resident, and edible spies only. 
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Appendix E 

CancerSlopeFkwtorsand 
NoncancerReferenceDosesUsed 
toDevelopEPARiskLevels 

able E-1 presents the cancer slope factors and noncancerreferencedoses that were used to calculate the EPA 
risk levels and hazard quotients used in the analysis. The calculations for the EPA risk levels and hazard 
quotients used in the analysis appear in Appendix B. The slope factors and reference doses were obtainedT 

from the following sources: 

Health Effects Assessment Summary Tables FY 1995. EPAI540lR-951036. U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, DC. 

* IntegratedRisklnformation System (IRIS).Online. U.S. EnvironmentalProtection Agency, Ofice of Health 
and Environmental Assessment, Environmental Criteria and Assessment Office, Cincinnati, OH. 

Risk-Based Concentration Table, January-June 1995. U.S. Environmental Protection Agency, Region 3, 
Philadelphia, PA. 





Table E-1. (Continued) 



Table E-1. (Continued) 



Table E-1. (Continued) 



Table E-1. (Continued) 

(Followed by -wee; Surrogate Chemical 



Table E-I.(Continued) 
Cancer S l o p  Factor 

((mylr#dY1) 
(Followed bv muree: (Folbwed by sourer; Surmgale Chemical 

CAS Number Chrmierl Nnme see foolnote) see footnote) Used (If noewnry) 

98953 Niuobmrcnc 

IW027 Nimphenol. 4 

924163 Niuosodi-n-butylrmins. N- 5.40E+d 

621647 Nitmsdi-n-pmpylamine. N- 7 . W E 4  

86306 Nllrosd~phcnylam!nc. N- 4 908-3' 

56382 Pararhlon ethyl 6 WE-3' 

12674112 PCB(Arachlor-1016) 7 70E+O 7 WE-5' 

108952 Phenol 6.ME-I' 

298022 P h a r a l ~ a m o p h o ~ i m s t  2.WE-l" 

85449 Phthalic anhydride 2.WEd 

1336363 Polychlorinated biphenyls 7 .70~cd  2.WE-5' 



Table E-1. (Continued) 



Codes: 
'Inlenrared Risk Information System (IRIS). 
~ e & hEffects Asrcsrmcnt summary Tables (HEAST) 
'Envtmnmental Cntcna and Assessment Gflilce (ECAO, as cited In Risk-Based Concentratton Table) 
"Other EPA documents, as cited in Risk-Based Concentration Table. 
Tfithdram from HEAST, but use continued for screening assessments (USEPA. Risk-Based Concentration Table) 
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Appendix F 

Species Characteristics 
Related to NSI 
Bioaccumulation Data 

Table F-1presents the species used in tissue residue analyses whose results are included in the NSI. For each 
species listed, Table F-1 identifies the species as resident or migratory (or either) and demersal or pelagic (or 
either) and specifies whether the species might be consumed by humans (i.e., recreational or subsistence 

anglers). A species is considered either resident or migratory if it stays predominately in one location as long as food 
and habitat are available but is capable of traveling long distances to find food and suitable habitat. A species is 
considered either demersal or pelagic if it spends much of its time in the water column but is likely to feed off the 
bottom. If a species is identified as either resident or migratory, it is considered resident for the purpose of this 
analysis. If a species is identified as either demersal or pelagic, it is considered demersal. 



Table F-1. Species Characteristics Related to Tissue Residue Data 



Table F-1. (Continued) 
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Table F-1. (Continued) 



Table F-1. (Continued) 



lhble F-1. (Continued) 



lsble F-1. (Continued) 



Table F-1. (Continued) 



Table F-1. (Continued) 



lbble F-1. (Continued) 



Table F-1. (Continued) 



Table F-1. (Continued) 



Appendix G 


Notes on the Methodology for 
Evaluating Sediment Toxicity 
Tests 

esults of sediment toxicity tests conducted around the United States were submitted with several databases 
for evaluation in the NSI. Additional processing of records was required for most of the data. BecauseRest results were reported differently in each database, appropriate interpretation of the test results was 

sometimes confusing. This section explains how the toxicity test data were handled for the NSI evaluation with 
respect to issues related to sampling date, type of test, sample location identification, and results of control or refer- 
ence tests conducted during the toxicity tests. 

Sampling Date 

Only those tests in the databases for which the sediment samples were obtained between January 1, 1980, and 
December 31, 1993, were evaluated. Tests before and after that period were eliminated. 

Sample Location 

Records were examined to determine whether the sampling station from which the sediment sample was col- 
lected had been identified by latitude and longitude coordinates. Samples that were not referenced to a specific 
location were not considered in this study. Tests from the Great Lakes Sediment Inventory (GLSI) database were not 
considered because sample locations were not appropriately identified. Sediment samples in the EPA Region 10IU.S. 
Army Corps of Engineers Seattle District's Sediment Inventory (SEACOE) from sampling stations located in British 
Columbia were also not considered in the analysis. 

Type of Test 

Data from seven databases (Table G-1) were reviewed to determine whether they had reported the results of 
sediment (solid-phase) and elutriate nonmicrobial toxicity tests in which the endpoint was mortality. Records per- 
taining to chronic toxicity tests, microbial toxicity tests, tests that were not conducted with sediment or elutriate, and 
tests in which the endpoint was not percent mortality (or percent survival, which could be converted to percent 
mortality) were excluded from further consideration. 

Only the DMATS and GOM databases clearly reported the phase (solid, elutriate, particulate) of sediment sample 
used in the bioassays conducted; ODES provided this information for some of the tests. If the phase was not indi- 
cated, this information was obtained or best professional judgment was used to identify the phase used in the tests. 
For some tests, comparison of species with those used in standard EPA test protocols or with species used in other 
sediment toxicity tests in the databases permitted assignment of phase with certainty. Other species might be used in 
sediment-, elutriate-, and particulate-phase tests, and the phase was assigned with uncertainty. Table G-2 presents a 
list of species used in toxicity tests whose results are included in the NSI. Table G-2 also presents the type of toxicity 
test for which each species is generally used (i.e., liquid-phase, elutriate-phase, suspended particulate-phase, sedi- 
ment/solid-phase). The data presented in Table G-2 are the basis for determining whether the toxicity test of concern 
was conducted using the solid or elutriate phase. A "Y" entered in Table G-2 indicates that the phase was given with 
the test results; an " E  indicates that the phase was estimated using best professional judgment based on the species 
used in the toxicity test. 

G-l 



Table G-1. Toxicity Test Database Characteristics 

Identified 

Database 

U.S. A m y  Corps of Yes. all 74 
Engineers,Dredged 
Malerial Tracking 
System (DMATS) 
p~~ ~ ~~ 

Monitoring and 
Assessment Program 
L~uiSiaIIian Province 
(EMAP-LA) 

EPA's Environmental Yes, all 179 
Monitoring and 
Asxssment Program. 
Viminian Province 

Gulf of Mexico Yes, all 42 
Propm's 
Contaminated Sediment 
Inventory (GOM) 

EPA's Great Lakes NO 
Sediment Inventory 
(GLSI) 

EPA's Ocean Data Only 18out 
Evaluation System 
(ODES) 

Seattle Disuict's 
Sediment 

vpe Laboratory 
ControlTgts 

Solid and Uulriate 
(identifed in database) 

Reptime conml 
test d t s  provided 

Solid Phase 
(not identifled in 
darabasc, provided) 

-- 

Not provided in D3 
databax, provided on 
request 

Solid and Elut~iate 
(not identified in 
database, provided) 

Not provided in D3 
database, provided on 
request 

Solid Phase 
(identifed in database) 

ERLN: Yes 
USACE: No 
GCRL: No, 
provided on q u e s t  

Reference Sediment 
I b i s  

Replicate rdermcc 
scdimeots mIed wilh 
each baIch of 
sediment samples 

ERL-N: Yes 
USACE: Yes 
G C m  NO 

were not provided', Iherefm, Ulese data 
were not evaluated fortheNSI (contact: 
Bob Hake.SAIC) 

Solid Pbase Used controls (contact: 
(not identified in Tad Dcschlcr, TetraTech) 
database) 

Used conmls (contact: Robem Fern$ 
(not identified in provided on request Envimnmenlal Infonwion Comltaots: 
databasc) John Armsmng. EPA Region 10; and 

Gary Bmun, TeWaTech, for Pugel Sovnd 
Estuary ProgramRepons 1988) 

Not identified in daubax Not provided in dambase NO? Sample location IDS and m u o l  lest m l t s  I 


Used means of reference 
sediment replicates in the 
evaluation (contan: Alan Ora, EPA 
Region 9) 

Sediment sample tesl results m 
calmhIed from tbe additional data 
provided (contact: Kevin Summers. 
EPAIERLOB) 

Sedimnt sample Iest mulls were 
calculated fmm the additional data 
pmvided (contact: Daryl Keith. EPAl 
ERLN) 

Long Idand Sound reference sediment 
was used to generatecontrol d m  for fests 
done by ERLN (contacts: Phil Cracker, 
EPA; John SFoR SAIC) and conml data 
o w e d  for GCRL (contact: Julia L y k  
GCRL): for USACE tests used man of 
Ule reference test results as conml 





3 Table G - 2  (Continued) 
1 


500124030000 Neanrhes spp. E 

50012501 1900 Nephfys cnecoides Y,E 

500124030200 Nereis virens Y 

55 1706040100 Pmopeo gent,- E 



Table G-2. (Continued) 



Only DMATS contained elutriatetest results in addition to sediment test results; all other tests evaluated were 
sediment (solid- phase) test results. 

Toxicity data were screened to determinewhether control data were reported. Sediment toxicity test laboratory 
or performance controls are usually clean sand or sediment run under the same conditions in which the same test 
organisms are exposed at the same time as those exposed to the sediment samples tested. Controls are used to 
determine whether observed mortality might be the result of the quality of test organisms used or other factors, and 
not the result of exposure to possible toxics in the sediment samples. 

The databases were screened to locate control test data for each sediment sample tested. The GLSI databasedid 
not contain any control test data; because of this, as well as the lack of station-identifying coordinates, the GLSI 
databasewas eliminated from evaluation for the NSI. For the other databases, control test results were matched to the 
sediment test results and were treated as follows: 

Multiple control and reference sample test results were reported for each sediment tested in the DMATS 
database. These were determined to be replicate test results. Because the sedimentsamples tested in DMATS 
were usually fine-grained and the laboratoryperformancecontrolswere sand, the referencesedimentsamples 
were used as "controls" to evaluate toxicity of sediment samples. The percent mortality for the reference 
replicates were averaged for each reference site to obtain the mean percent mortality for the referencesedi-
ment for comparison with the sediment sample test result. 

The D3 version of both the EMAP-LA and EMAP-VA databases contained control-correctedresults for the 
sediment samples tested. The control-corrected results were obtained using the following equation: 

. .urvival o fo r e a n ~ s m u r u d m msamole ~ e y  = control-correctedpercenr survival 
percent survival of organisms in control test percent survival 

EMAP-LA provided a revised database on request that contained the percent survival of the controls. The 
sediment sample test results were calculated according to this equation: 

percent survival of organisms in sediment sample tesf = 

oercent survival X oercent survival o foreanisms in control 
100 

EMAP-VA provided a revised databaseon request that contained the mean percent mortality of controls and 
the mean percent mortality of the sediment sample tests for each station, as well as the control-corrected 
percent swival.  

The GOM databasereported controltest results for tests conducted by EPA's Environmental Research Labo-
ratory in Narragansett. A low-salinity control test performed at thesame time was not used in theevaluation. 
The singlereference sediment sample was treated as a sediment toxicity test result. No control tests were 
available from the USACEdata set within this database; the mean of reference sediment toxicity test results 
was used as the "control" for these test data. No control test results were found in the GOM databasefor the 
GCRL data set. Total percent mortality of pooled control test replicates were provided by Julia Lytle of 
GCRL and entered into the database for the NSI analysis. 

The ODES databasereported single-value control results for the ARSR and OSE data sets. (Whether these 
were means of replicate tests is unknown.) One sediment test result in ARSR was matched to two different 
control test results; however, the one control test result that was not matched elsewhere in the data set was 
eliminated for the analysis. 



The SEACOE database contained single-value control test results for the ALCTRAZ data set and several 
series of control test results for other data sets (e.g., EVCHEM and EBCHEM). Information on the correct 
control series was obtained, and the proper control test results were evaluated in the computer program. 
Means were calculated for replicates in the series and used to evaluate the sediment sample test results. 

Results of control tests reported as "percent survival" were converted to "percent mortality" by the following 
calculations: 

percent monality = 100-percent survival 

percent mortality = number of surviving organismsNota1number of organisms in test 

Sometimesentries in databases reversed "mortality" and "survival" (e.g., PSE data set in the ODES database). 
Any questions concerningthe designationwere checked and corrected if necessary. If replicate sedimenttoxicity test 
results were provided for a sampling site in the database, a mean was calculated and compared to the mean control 
mortality. (Some databases provided only the means, e.g., EMAP-LA, EMAP-VA.) For the purpose of the NSI 
evaluation,if the control had greater than 20 percent mortality (less than 80 percent survival), that test was excluded 
from further consideration. 

ReferenceSedimentStations 

Somedata sets included data for referencesedimentsthat were run simultaneouslywith the control and sediment 
samples. Reference sediment is sediment collected from a field site that is appreciably free of toxic chemical con-
taminantsand has grain size, total organic carbon, sulfide and ammonia levels, and othercharacteristics similhr to the 
sediment samples to be tested for toxicity. Because reference sediments should match the characteristics of the 
sediment samples more closely than the sand or sediment used for the laboratory (performance) control, they should 
provide information on the appropriateness of using a particular test organism since the suitability and survival of 
differentspecies can be affected by these other physical and chemical characteristics of the sediment. 

As noted previously, DMATS provided severalreference sediment samples for each toxicity test, along with 
control test results. The number of such reference sediment samples varied for differenttest dates, and these 
sediment samples were determined to represent replicates. he average percent mortality was determined 
from each set of replicates and this was used as a "control" to evaluate the toxicity of sediment samples in 
this database. If percent mortality of the mean reference test result exceeded 20 percent, the sediment 
toxicity tests that were run with that reference sediment were not used in the evaluation. 

Reference sediment test results were not identified in the EMAP-LA, EMAP-VA, or ODES databases. 

In the GOM database, a reference sediment test was run in tests conducted by EPA's Environmental Re-
search Laboratory in Narragansett. This singlereferencesedimentsamplewas treated as a sediment toxicity 
test result. Reference sediment tests in the USACE data set were averaged and used as the control for 
analysis since other control test data were not provided in the data set. 

Reference sediment toxicity test results in the SEACOEdatabase were treated as a sample site. 

Because reference toxicity test results were not available for all of the sediment toxicity tests, reference sediment 
sample test results were not used as "controls" in the evaluation of sediment toxicity test data in the NSI, with the 
exception of the DMATS data and the USACE data in the GOM database. The remaining reference sediment test 
results were compared with the control results to determine whether significant toxicity was indicated at that field 
site; i.e., they were treated like a sediment toxicity test result (see below). 

It should be noted, however, that careful examination of such reference test results could improve the interpreta-
tion of sediment toxicity tests; i.e., they might indicate that test organisms were adversely affected by sediment 
characteristics, not by toxic chemicals. Thus, the classification of some sites using the sediment toxicity tests might 



be inappropriate because the control test result did not adequately explain the result, based on the test organism's 
health or sensitivity to test conditions. 

For the NSI evaluation protocol for sediment toxicity test data, significant toxicity was indicated if there was a 
difference of 20 percent survival from control survival (e.g., if control survival was 100 percent and 80 percent or less 
of the test organisms survived, or if control survival was 80 percent and 60 percent or less of the test organisms 
survived, significant toxicity was indicated). Although a number of different test species and protocols were used in 
the tests evaluated, this threshold provides a preliminary indication of sediment toxicity for classifying sampling 
stations for the NSI. 



Appendix H 


Additional Analyses for PCBs 
and Mercury 

To perform the screening analysis for the National Sediment Quality Survey using NSI data. EPA selected 
reasonably conservative screening values, including theoretically and empirically derived risk-based screen- 
ing levels. The limited number of sediment criteria available for use in this type of evaluation, however, contribut- 

ed to the possibility of over- and underestimation of potential adverse effects associated with sediment contaminated for 
some chemicals. Two chemicals where this issue is particularly relevant are PCBs and mercury. EPA conducted further 
analyses on PCBs and mercury to determine the effect of using different assessment parameters on the number of sampling 
stations where these chemicals were identified as associated with a probability of adverse effects. 

Because of the tendency for PCBs to bind to sediment and because of the relative toxicity of these chemicals to 
humans, EPA selected a precautionary approach for the analysis of PCBs in the NSI evaluation. The approach was 
precautionary because (1) it did not require matching sediment chemistry data and tissue residue data for T~er 1 
classification and (2) it used the cancer risk level of 10.' for all congener, aroclor, or total PCB measurements to 
evaluate human health effects related to PCB contamination. EPA applied the cancer slope factor for aroclor 1260, 
the most potent commercial mixture, to all measures. It should be noted that there were only 542 sampling stations 
where matching sediment chemistry data and tissue residue data were available for analysis. In the following evalu- 
ation, the amount of PCB sediment and fish tissue dataexceeding screening values other than those used in the NSI 
analysis is compared to the number of sampling stations classified as Tier 1 or Tier 2. 

Figure H-1 is a cumulative density function graph depicting the maximum PCB concentration at each sediment sam- 
pling station where PCBs were detected. The various screening values that could be used to indicate advnse effects levels' 

1.WE-04 1.WE-03 'I.WE-02. 1.WEO1 1.00E+00 1.WEtOI l.OOE+OZ 1.00Et03 1.00EtM 1.WE+05 l.WE+ffi 

PCB in Sediment Concentration (ppb) 

Figure H-1. 	Cumulative Frequency Distribution of PCB Sediment Concentration Data (All Aroclors 
and Total PCB). 



of PCBs in sediment are plotted as A through S in the figureand described in Table H-1. The top two sections of Table H- 
1 present the smning values of PCBs in sediment that are protective of human or wildlife consumers. The levels shown 
were derived using the theoretical bioaccumulative potential (TBP) analysis with the default Lipid content (3 percent), 
default organic carboncontent (1percent), and BSAFs with and without the safety factor of 4. (SeeAppendicesB and C for 
further explanation.) Depmding on the screening value, the number of sediment chemistry sampling stations with detect- 
able PCBs exhibiting potential human health or aquatic life effects varies from under 1 percent to over 99 percent The 
screening values selected for the NSIevaluation classify approximately 85percent of sediment chemistry sampling stations 
in T~er 2 for human health effects (Point D). For aquatic life e tk ts ,  the selected screening values classify 25 percent of 
sampling stations as Tier 1 (Point 0)and 57 percent of sampling stations as Tier 2 (Point H). 

Table H-1. Sediment Sampling Stations with Detectable Levels of PCBs That Exceed Various Screening 
Valuesbb 

Assoelated Level 

.Mriirn"rn tom1 ormlor .wdr , r :  value U .given Ntia uu 4. 


.PCBs vcre d e r a d  if3.842 (41%) of Ulr 9.401 Nliana h m  mlirclrdrarnpiu war nnalyrzdfar Ulem. 

'FW h i r  premation. maawed lrvrlr were -red torisk levrls using a drhvla organic carbon content 11%) md drbvlt ogminm lipid content (3%). Use of aitc-ssofic manic carbon 

would yield ilightly diffment ruuia. 

aimeiru ~ e din the m n t  Nrtionrl S d i m n l  O w l i l v S w ~ v  evrlwfion for human hullh. 




Figure H-2 and Table H-2 present the comparison of different screening values and the corresponding number of 
fish tissue sampling stations with detected levels of PCBs exceeding the screening values. The 10-I cancer risk level 
(Point B) was one of the most conservative thresholds: concentrations exceeded this level at approximately 95 
percent of tissue residue sampling stations where PCBs were detected. These sampling stations were clssiiied as Tier 
1 for potential human health risk. 

PCB In Fish Tluw ConsentnUon(ppb) 

Figure H-2. 	 Cumulative Frequency Distribution of PCB Fish Tissue Concentration Data (All Aroclors and 
Total PCB). 

Table H-2. 	 Fish Tissue Sampling Stations with Detectable Levels of PCBs in Demersal, Resident, Edible 
Fish That Exceed Various Screening ValuesbL 

Level Rolted in Nvrnberof StPtiols Pelant.* of StPUom 
AssmintedLevel ngwe H-2 4th Detected PCBs 4thDetected PCBs 

Qpe of Scmening Valve (ppb) Conesponds to L e e r  Exeeedillg Level h e d i n g  Level 

Cancer Rbk Level I I 	 I 
10-6 1 1.41 A I 2,354 1 99.3 

Narrsnccr Harard Qwlienl of I I 220 E 	 1,473 62.2 

FDA Tokrarre Level 	 Z,WO I F I 489 20.6 

Wailife ccrielg I 160 D 	 1.620 68.4 

.Mriimum lorn1or -In-sprifiu rrlvr u a given alnim uu d. 

hPCBawe. deccrda12.110 (11%) dtk 1.234 n l t i o ~whu. mlleddsamples werr n n a l y ~ dfwtham. 

LLevtl$vrCd in the current National Scdimn~pvality Survey ovrluatim fa human hulfh. 




In conmt  to the PCB evaluation, the evaluation of mercury detected in fish tissue residue in the NSI analysis was 
substantially less conservative than that which would result from use of different screening values. To determine the 
possible outcomes of different dataevaluations, EPA performed additional analyses of mercury fish tissue data included in 
the NSI. Figure H-3 and Table H-3 present six screening values that could be applied for the protection of consumers 
ingesting macury-contaminated fish. As shown in these displays, both EPA's current noncancer reference dose recom- 
mended for general use (Point E) and the FDA action level (Point D),the screening value used in the current NSI analysis, 
result in only about 4percent of sampling stations with detectable levels classified asposing potential riskto human health. 

".""$ 

1.00E-02 	 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 I.OOE+04 1.00E+05 

Concenb.tlon (ppb) 

,,I*. - -mI* (U. -a-b~~-" 'PUIhr . t+ .nt  I 
Figure H-3.	Cumulative Frequency Distribution of Mercury Fish Tissue Data for Demersal, Resident, and 

Edible Species. 

Table H-3.	Fish Tissue Sampling Stations with Detectable Levels of Mercury in Demersal, Resident, 
Edible Fish Species That Exceed Various Screening Va l~es*~  

Number oPStatiom 

Level Plotted in Hith Detected Percentage olStatiom 


Associated Level Figure 8 3  M e a l y  Exceeding Hilh Detected Mercury 

Type of Serrening Value @pb) Camspondr to Letter Level Exceeding Level 


Candm Wkb 2W B 908 

Noncancer HazardQuoIktu of 1 (1995)' 1 1,lW 1 E 1 91 

INoncancer Hazard QuoIknl of 1 @re- I 3,231 1 F 1 .  15 1 0.6 1 
1995)" I I I I 
N a m e r  Hazard Quofen1of I @re- 646 C 204 7.9 
1995 for hdm)' 

. ~ e r r u vwar d a n d  a, 2,589 ( ~ % ) o f b r  2.861 rlntiona where mll rnrd nmples wrm analyzed for mercury 
hConadi2n guideline limit for mrcury in  fish Ulrt arc puf of r wbr in lne  dirt (Hwllh m d  Welfm Cmadr. 19791. 
%4nhyl merary nfcwna d a l  lhrt w u  availnblc in IRIS in 1595 (1x10' mukpdryl. 
' ~ m s p o n d r  tomcwury nfercne dorr nrrilrble in  IRIS plate IWS (3x10' mghg-dmyl. 
~comawpond~~omrcvryrrferencadmr availrMein IRIS prior la 1995 divided by r farlor o f 5  isprotect a6inndeueiopmcnsi,ffcc~, among inbnlr(6xlO'mghg-dry1 Th,rvrluc was 
famtrly u r d  by b e  KPA Of f i a  of W m .  
' kvc l  ursd in the carrcnl N8tion.l Sediment Quality Survey cvrlution f a  human krllh. 
n c  nav1vofLhe uildltfcanrlysi,rhown i n  TaWc 3Jarcrlighliy difluen, &caw= the &la wed fcr ihr:rhli~i~ spcries [could be mntidcxd cdiblc n na)indudrd drmuwi. as ld~n l  



The NSI evaluation restricted the data analyzed to demersal, resident, and edible species. Figure H-4 and 
Table H-4 present the same six mercury screening values with the data for all fish species considered edible by 
humans with detectable levels of mercury in the NSI. If all edible fish species were analyzed using selected 
screening values, 9 percent of sampling stations would be classified as Tier 2 because of mercury contamination 
(Point D). However, the proportion of sampling stations with detectable levels of mercury that exceed some 
other human health levels ranges from 20 percent to over 55 percent of sampling stations. 
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Figure H-4. Cumulative Frequency Distribution of Mercury Fish Tissue Data for All Edible Species. 

Table H-4. 	Fish Tissue Sampling Stations with Detectable Levels of Mercury in Edible Fish Species That 
Exceed Various Screenine Valuesbb 
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Appendix I 

NSI Data Evaluation 
Approach Recommended at 
the National Sediment 
Inventory Workshop, 
April 26-27, 1994 

he original proposed approach for the integration and evaluation of NSI sediment chemistry and biological 
data was developed at the Second National Sediment Inventory Workshop held on April 26 and 27,1994, in 
Washington, D.C.The proposed workshop approach was modified, however, to address inconsistenciesT 

found in trying to implement the approach and to address the concerns of the many experts in the field of sediment 
quality assessment who commented on the workshop approach. This appendix presents the NSI data evaluation 
approach developed by the April 1994 workshop participants. The actual approach that EPA used in the NSI data 
evaluation is presented in Chapter 2. A list of workshop participants is provided at the end of this appendix. 

Using the approachrecommended by workshop participants, sedimentsampling stations could be placed into one 
of the followingfive categories based on an evaluation of data compiled for the NSI: 

* High probability of adverseeffects to aquatic life or human health 
Medium-high probability of adverseeffects to aquatic life or human health

* Medium-low probability of adverseeffects to aquatic life
* Low probability of adverse effects to aquatic life or human health
* Unknown probability of adverse effects to aquatic life or human health. 

Using the workshop approach, contaminated sediment sampling stations could be placed into one of the five 
categories based on an evaluation of the following types and combinations of data: 

* Sediment chemistry data alone 
* Toxicity data alone 

Tissue residue data alone 
Sediment chemistry and tissue residue data 
Sediment chemistry and histopath-ological data 
Sediment chemistry, sediment toxicity, and tissue residue data. 

The overall approach developed by workshop participants is summarized in Table 1-1 and is described below. 

High Probability of Adverse Effects to Aquatic Life or Human Health 

Based on the evaluation approach proposed by the April 1994 workshop participants,a sampling station could be 
classified as having a high probability of adverse effects to aquatic organisms or human health based on sediment 
chemistry data alone, toxicity data alone, tissue residue data alone, or a combination of sediment chemistry and tissue 
residue or histopathological data. 



Table 1-1. Orlg a1Approach Recommended by NSIWorkshop (April 1994) 
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For a sampling station to be classified as one with a high probability of adverse effects based on sediment chem- 
istry data alone, at least one of three criteria must be met: (1) sediment chemistry values exceed the sediment quality 
criteria (SQCs) developed by EPA for acenaphthene, dieldrin, endrin, fluoranthene, or phenanthrene; (2) sediment 
chemistry values exceed all appropriate screening values for a given chemical (i.e., high apparent effects thresholds 
(AETs), effects range-medians (J?RMs), probable effects levels (PELS),and sediment quality advisory levels (SQALs)); 
andlor (3) sediment chemistry values exceed 50 ppm for polychlorinated biphenols (PCBs). When comparing sedi- 
ment chemistry values to the SQCs, measured total organic carbon (TOC) must be used. Workshop participants sug- 
gested using default TOC values in the comparison of sediment chemistry values to SQALs if actual measured TOC 
values are not available. However, if default TOC values are used in a comparison of sediment chemistry measure- 
ments to SQCs, the highest that a sampling station could be classified would be medium-high potential for adverse 
effects. 

For a sampling station to be classified as having a high probability of adverse effects based on a combination of 
sediment chemistry and tissue residue data, sediment chemistry theoretical bioaccumulation potential (TBP) and tissue 
levels in resident, nonmigratory species must exceed FDA tolerance/action/guidance levels, EPA risk levels, or EPA 
wildlife criteria. Workshop participants also recommended that a sampling station be classified as having a high 
probability of adverse effects if fish tumors are present in resident species and elevated sediment chemistry concentra- 
tions for polynuclear aromatic hydrocarbons (PAHs) are present. 

The workshop participants were evenly divided on whether a sampling station could be classified as having a high 
probability of adverse effects based solely on the exceedance of human health screening values for dioxins or PCBs in 
resident fish species. Participants did agree that benthic community data in combination with sediment chemistry data 
could be used in the future, but not for the current evaluation, to classify sediment sampling station. Methods are 
currently not adequate to establish a direct causal relationship between benthic community changes and sediment 
contamination at specific sampling stations without additional data. 

For a sampling station to be classified as having a high probability of adverse effects based on toxicity data alone, 
toxicity must be demonstrated by two or more acute toxicity tests, at least one of which must be a solid-phase, nonmi- 
crobii test. 

Medium-HighProbabilityofAdverseEffectstoAquatic LifeorHumanHealth 

Workshop participants suggested that a sampling station could be classified as having a medium-high probability 
of adverse effects on aquatic life or human health based on sediment chemistry data alone, toxicity data alolie, or tissue 
residue data alone. 

For a sampling station to be classified as having a medium-high probability of adverse effects based on sediment 
chemistry data alone, the station must meet at least one of two criteria: (1) sediment chemistry values exceed at least 
two of the sediment chemistry upper screening values (i.e., appropriate ERMs, SQALs, PELS, or AET-highs) or (2) 
sediment chemistry TBP values exceed FDA tolerance/action/guidancelevels or EPA wildlife criteria. In the compari- 
son of sediment chemistry values to SQALs, default TOC values can be used. 

A sampling station could also be classified as having a medium-high probability of adverse effects if toxicity is 
demonstrated by a single-species, oonmicrobial toxicity test using the solid phaseas the testing mediumor if actual fish 
tissue residue levels exceed FDA tolerance/action/guidancelevels or EPA wildlife criteria. 

Medium-LowProbabilityofAdverse EEectstoAquaticLife 

Workshop participants suggested that a sampling station could be classified as having a medium-low probability 
of adverse effects to aquatic life based on either sediment chemistry data alone or toxicity data alone. A sampling 
station could be classified as having a medium-low probability of adverse effects if sediment chemistry values exceed 
at least one of the lower sediment chemistry screening values (i.e., ERL, TEL, SQAL, or ART-low). Workshop 
participants suggested that default TOC and AVS values could be used. To classify a sampling station as having a 
medium-low probability of adverse effects, toxicity would be demonstrated by a single-species, nonmicrobial toxicity 



test using the elutriate phase as the test medium. Workshop participants did not propose any human-health-related 
criteriafor placing a sampling station in the medium-low probability of adverseeffects category. 

Using the workshop approach, for a sampling station to be classifiedas having a low probability of adverseeffects 
on aquatic life and human health, all of the followingcriteriamust be met: (1) there are no exceedancesof the lower 
sediment chemistry screening values (i.e.. ERL, TEL,SQAL, or AET-low); (2) there is no toxicity demonstratedin 
tests using at least two species and at least one solid-phase test using amphipods; (3) there are no TBP exceedances of 
FDA tolerance/action/guidancelevels and EPA wildlife criteria; and (4) tissue levels of resident species are below 
FDA levels and EPA wildlife criteria. 

Sampling station of unknown probability for causing adverse effects are those stations for which there are not 
enough data to place them in any of the other categories. Sedimentsat the samplingstations might or might not cause 
adverse impacts to aquatic life or human health. 

The approach for evaluatingNSI data recommended by the April 1994workshop participantsprovides the frame-
work for the final evaluation appmach actually used to evaluate the NSI data. Workshop participants had less than 4 
hours to reach consensus on their recommendations for the approach following a day and a half of debate covering 
many challenging issues. As a result, some of the specific issues concerning how data were to be evaluated to place 
sampling stations into the fivecategoriesremained unresolved. For example, "elevated sedimentchemistry concentra-
tions of PAHs" together with the presence of fish tumors is one criterion for placing a sampling station in the high 
probability of adverseeffects category. However, how "elevated" do sediment chemistryconcentrationsof PAHs have 
to be to meet this criterion? As another example, sediment chemistry values that exceed all relevant AETs, ERMs, 
PELS,and SQALvalues for any one chemical are sufficientto place a samplingstation in the high probability category, 
and excecdance of any two of these values is sufficientto place a sampling station in the medium-high probability 
category. But what if there an only two relevant screening values for comparison for a given contaminant? Does a 
samplingstationat which both values ate exceeded for a given chemical belong in the high or medium-highprobability 
category? 

A significantmodification in the final approach used to evaluate the NSI data was the reduction in the number of 
categories fiom five to three, eventually combining the medium-high and medium-low categories and the low and 
unknown categoriesproposedin theworkshop approach. In addition, the followingevaluation parameters were dropped 
from the final approach: 

Sediment chemistry values >50 ppm for PCBs 
- Expert reviewers of the methodology believed that this parameter was not necessary; i.e., a sampling 

stationthat was targeted as a higher probability for adverseeffectsby this parameter would already have 
been targeted at a much lower concentrationusing other parameters. 

Elevated sediment chemistry concentrations of PAHs and presence of fish tumors 
- Available fishliver histopathology data in the NSI are very limited; therefore, this evaluation parameter 

was not considered further. 

In the final approach adopted for the evaluation of the NSI data, the EPA wildlife criteria were not included in the 
TBP and fish tissueresidue parameters. Reviewersof the methodology felt that the wildlifecriteria values were overly 
conservative for this screening assessment and thus could not be used to distinguish potentially highly contaminated. . .  
sampling stations from only slightly contaminated station. A separate analysis ofwildlife criteria was, however, 
conducted. 
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