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DISCLAIMER

The National Sediment Quality Survey is a screening-level assessment of sediment quality that
compiles and evaluates sediment chemistry and related biological data taken from existing
databases. This document has no immediate or direct regulatory consequence. It does not in
itself establish any legally binding requirements on the U.S. Environmental Protection Agency,
states, tribes, other regulatory authorities, or the regulated community. It does not establish or
affect legal rights or obligations or represent a determination of any party’s liability. The data
and information contained in this document, however, could be used in various EPA regulatory
programs for priority setting or other purposes after further evaluation for program-specific
criteria. Any future policies and/or actions to address contaminated sediments will have to be
considered in the context of the budget process and competing demands for funding.
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EXECUTIVE SUMMARY

This report, The Incidence and Severity of Sediment Contamination in Surface Waters of the United
States: National Sediment Quality Survey, Second Edition, describes the accumulation of chemical
contaminants in river, lake, ocean, and estuary bottoms and includes a screening-level assessment of the
potential for associated adverse effects on human and/or environmental health. The United States
Environmental Protection Agency (EPA) prepared this report to Congress in response to requirements set
forth in the Water Resources Development Act (WRDA) of 1992. WRDA directed EPA, in consultation
with the National Oceanic and Atmospheric Administration (NOAA) and the U.S. Army Corps of
Engineers (USACE), to conduct a comprehensive national survey of data regarding the quality of aquatic
sediments in the United States. Section 503(a) of WRDA required EPA to “compile all existing
information on 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....” It 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.” In addition, Section 503(b)
of WRDA requires EPA to conduct a comprehensive and continuing program to assess aquatic sediment
quality. This program must establish methods and protocols for monitoring the physical, chemical, and
biological effects of pollutants in aquatic sediment and of contaminated sediment. EPA submitted the first
Report to Congress (EPA-823-R-97-006) on January 7, 1997.

To comply with Section 503(b), EPA’s Office of Science and Technology (OST) (1) initiated the
National Sediment Inventory (NSI), which is designed to compile sediment quality information from
available electronic databases into one centralized, easily accessible location, and (2) developed the
National Sediment Quality Survey report.

Description of the NSI

The NSI database includes approximately 4.6 million records of sediment chemistry, tissue residue, and
toxicity data for more than 50,000 monitoring stations across the country. To efficiently collect usable
information for inclusion in the NSI database, EPA sought data that were available in electronic format,
represented broad geographic coverage, and represented specific sampling locations identified by latitude
and longitude coordinates. Although EPA elected to evaluate in this report only data collected since 1990
(i.e., 1990 through 1999), data from before 1990 are maintained in the NSI database for comparison
purposes. The initial National Sediment Quality Survey evaluated data from 1980 through 1993. At a
minimum, EPA required that electronically available data include monitoring program, sampling date,
latitude and longitude coordinates, and measured units for inclusion in the data evaluation. The NSI
database includes data from the following data storage systems and monitoring programs:

* Selected data sets from EPA’s Storage and Retrieval System (STORET)

* NOAA'’s Query Manager Data System

» State of Washington Department of Ecology’s Sediment Quality Information System (SEDQUAL)
» Selected data sets from the U.S. Geological Survey’s (USGS’s) WATSTORE

* EPA’s Environmental Monitoring and Assessment Program (EMAP)

» Data compiled for the previous report to Congress, 1990 through 1993

* Chesapeake Bay Program

» Upper Mississippi River System data compilation prepared by USGS

xiii
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* Indiana Department of Environmental Management Sediment Sampling Program
* Oklahoma Reservoir Fish Tissue Monitoring Program, 1990 through 1998
* Houston Ship Channel Toxicity Study

National Sediment Quality Survey Report Objective

The objective of the National Sediment Quality Survey report is to develop screening-level assessment
protocols to allow the identification of potentially contaminated sediment. The report is to be produced
biennially for Congress, as well as the regions, states, and tribes, on the incidence and severity of
sediment contamination nationwide. One objective of the original report, as well as this first update to
that report, is to depict and characterize the incidence and severity of sediment contamination based on
the probability of adverse effects to human health and/or the environment. As used in this report, the
probability or potential for adverse effects reflects a range of situations where the analysis of a station's
data might indicate adverse effects on aquatic life and/or human health. To accomplish this objective,
EPA applied assessment protocols to existing available data in a uniform fashion. EPA intended to
accurately depict and characterize the incidence and severity of sediment contamination based on the
probability of adverse effects to human health and/or the environment. This was done through the use of a
number of different measures of sediment quality (i.e., multiple lines of evidence). Information contained
in this report may be used to further investigate sediment contamination on a national, regional, or
site-specific scale. Further studies might involve toxicological investigations, risk assessment, analyses of
temporal and spatial trends, feasibility of natural recovery, and source control.

The initial report presented a national baseline screening-level assessment of contaminated sediments
from sediment quality data collected from 1980 through 1993 using a weight-of-evidence approach. This
report presents the results of the screening-level assessment of the NSI data from 1990 through 1999. One
major advantage of screening out older data (data collected prior to January 1, 1990) for this report is that
it prevents the results from being unduly influenced by historical data when more recent data are
available. However, this would not account for any decrease in sediment contaminant levels due to
scouring, re-burial, natural attenuation, or active sediment remediation that have occurred since that
sample was collected.

This report identifies locations where available data indicate that direct or indirect exposure to the
sediment could be associated with adverse effects to aquatic life and/or human health. Further, even
though this report focuses on data collected from 1990 through 1999, conditions might have improved or
worsened since the sediment was sampled. This report does not and cannot provide a definitive
assessment of the national condition or relative health of sediments across the country because the data
were generally not collected in a randomized sampling approach. While this report does not provide an
assessment of the “national condition” of contaminated sediments, it does evaluate data collected from
1980 through 1999 in the NSI database to assess changes in the extent and severity of sediment
contamination over time for specific areas in the United States where sufficient data exist.

As mentioned above, this report provides a screening-level assessment outlining stations throughout the
United States where the probability of adverse effects to human health and/or the environment exist.
Because the data compiled for this report consist largely of non-random sampling events and do not
provide complete national coverage, EPA has not developed a “national estimate” of the areal extent of
contaminated sediments. Because the limitations of the data do not allow for a national estimate of the
percentage of contaminated sediments, the report should not be used to estimate the national cost of
potential sediment remediation or to prioritize sites for sediment remediation or risk management
decisions based solely on the results of this report. Such decisions should be based on all available
information, including the data reported in this report.
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Evaluation Approach

Section 503 of WRDA 1992 defines contaminated sediment as “aquatic sediment which contains
chemical substances in excess of appropriate geochemical, toxicological, or sediment quality criteria or
measures; or is otherwise considered by the Administrator [of EPA] to pose a threat to human health or
the environment....” The approach used to evaluate the NSI data focuses on the risk to benthic organisms
exposed directly to contaminated sediments and the risk to human consumers of organisms exposed to
sediment contaminants. EPA evaluated sediment chemistry data, chemical residue levels 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 techniques were used alone or in combination to perform a
screening-level assessment of the probability of adverse effects.'

Agquatic Life

» Comparison of sediment chemistry measurements to draft equilibrium partitioning sediment
guidelines (ESGs) derived from final or secondary acute values and final or secondary chronic
values.

* Comparison of the molar concentration of acid-volatile sulfides ([AVS]) in sediment to the molar
concentration of simultaneously extracted metals ([SEM]) in sediment. (Under equilibrium
conditions, sediment with [AVS] greater than [SEM] does not demonstrate toxicity from metals.)

» Estimation of the predicted proportion toxic from sediment chemistry observations using a logistic
regression model.

» Comparison of the total ESG toxic unit for polycyclic aromatic hydrocarbons (PAHs) to final
chronic or acute values.

» Toxicity based on acute or chronic solid-phase sediment toxicity data.
Human Health

* Comparison of theoretical bioaccumulation potential (TBP) values derived from sediment
chemistry to

— EPA cancer and noncancer risk levels or

— Food and Drug Administration (FDA) tolerance, action, or guidance values in the absence of,
or if more stringent than, EPA levels.

* Comparison of fish tissue contaminant levels to
— EPA cancer and noncancer risk levels or

— FDA tolerance, action, or guidance values in the absence of, or if more stringent than, EPA
levels.

The sediment chemistry screening values used as the basis for comparison in this report are not regulatory
criteria, site-specific cleanup standards, or remediation goals. Sediment chemistry screening values are
reference values above which a sediment ecotoxicological assessment might indicate a potential threat to
aquatic life. The sediment chemistry screening values include both theoretically and empirically derived
values. The theoretically derived screening values (e.g., ESG, [SEM]-[AVS]) rely on the

'A screening-level assessment typically identifies many potential problems that subsequently
prove not to be significant upon further analysis (i.e., more conservative).
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physical/chemical properties of sediment and chemicals derived to protect aquatic benthic organisms from
direct toxicity due to that chemical or chemicals in the case of metals mixtures and PAH mixtures. The
empirically derived or correlative approaches (e.g., predicted proportion toxic) rely on paired field and
laboratory data to relate incidence of observed biological effects to the dry-weight sediment
concentrations. Correlative screening values can relate measured concentration to a probability of
association with adverse effects, but they do not definitively establish cause and effect for a specific
chemical. Toxicity data were used to classify sediment sampling stations based on their demonstrated
toxicity to aquatic life in laboratory bioassays.

Under an assumed exposure scenario, TBP and tissue residue data can indicate potential adverse effects
on humans from the consumption of fish that become contaminated through exposure to contaminated
sediment. TBP is an estimate of the equilibrium concentration (concentration that does not change with
time) of a contaminant in tissues of aquatic organisms 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 content 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 B). In
practice, field-measured BSAFs can vary by an order of magnitude or greater for individual compounds
depending on location and time of measurement. For this evaluation, EPA selected BSAFs that represent
the central tendency, suggesting an approximate 50 percent chance that an associated tissue residue level
would exceed a screening risk value.

The reader should exercise caution in evaluating the data in this report for a number of reasons.
Uncertainty is associated with site-specific measures, assessment techniques, exposure scenarios, and
default parameter selections. Many mitigating biological, chemical, hydrological, and habitat factors can
affect whether sediment poses a threat to aquatic life or human health. Because of the limitations of the
available sediment quality measures and assessment methods, EPA characterizes this evaluation as a
screening-level analysis. A screening-level analysis typically identifies many potential problems that
prove not to be significant upon further analysis. Thus, classification of sampling stations in this analysis
is not meant to be definitive, but is intended to be inclusive of potential problems arising from persistent
metal and/or organic chemical contaminants. For this reason, EPA elected to evaluate data collected from
1990 through 1999 and to evaluate each chemical or biological measurement taken at a given sampling
station individually. The reader should keep in mind that a single measurement of a chemical at a
sampling station, taken at any point in time over the past 10 years, might have been sufficient to
categorize the sampling station as having an increased probability of association with adverse effects on
aquatic life or human health.

In this report, EPA associates sampling stations with their “probability of adverse effects.” Each sampling
station falls into one of three categories, or tiers:

Tier 1: Associated adverse effects on aquatic life or human health are probable.
Tier 2: Associated adverse effects on aquatic life or human health are possible.

Tier 3: No indication of associated adverse effects (any sampling station not classified as Tier 1 or Tier
2; includes sampling stations for which substantial data were available, as well as sampling
stations for which limited data were available).

The potential risk of adverse effects on aquatic life and/or 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 magnitude of sediment
contamination in monitored waterbodies of the United States. However, a “hot spot” might not pose a
significant threat to either the benthic community at large or consumers of resident fish because the
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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 exposure are much greater. EPA examined sampling
station classifications within watersheds to identify areas of probable concern (APCs) for sediment
contamination, where the exposure of benthic organisms and resident fish to contaminated sediment
might be more frequent. In this report, EPA defines watersheds by 8-digit USGS hydrologic unit codes,
which are roughly the size of a county. Watersheds containing APCs are those in which 10 or more
sampling stations were classified as Tier 1 and in which at least 75 percent of all sampling stations were
categorized as either Tier 1 or Tier 2.

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 contamination, and possible risk reduction
needs, would be warranted. Where data have been generated through intensive sampling in areas of
known or suspected contamination within a watershed, the APC definition should identify watersheds that
contain even relatively small areas that are considerably contaminated. This designation does not imply,
however, 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 stations 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 watershed of the size typically
delineated by a USGS cataloging unit might contain small but significant areas that are considerably
contaminated, but the watershed 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 might both include some watersheds with limited areas of contamination and omit some watersheds
with significant contamination. However, given the available data, EPA has concluded that the process
represents a reasonable screening analysis to identify watersheds where further study is warranted.

Because the Tier 1, Tier 2, and Tier 3 evaluation benchmarks established in this report represent recent
advances in sediment assessment techniques, they have been used in this report as a way to relate all the
different data from all the different sources around the United States using common benchmarks. These
benchmarks and interpretations used in this report, however, are not currently appropriate for use in EPA
regulatory programs that have developed their own frameworks and regulatory requirements. They were
not designed to be a substitute for the various EPA program regulatory frameworks and/or authorities.
EPA’s regulatory programs (e.g., Office of Solid Waste and Emergency Response, OSWER) have
developed their own scientifically defensible approaches to sediment evaluation based on the needs of
their programs, and they will continue to use their current regulatory frameworks when making decisions
regarding potentially contaminated sediments (e.g., sediment remediation, sediment disposal).

Strengths and Limitations

For this report to Congress, EPA has compiled the most extensive database of sediment quality
information currently available in electronic format. To evaluate these data, EPA has applied sediment
assessment techniques using a multiple-lines-of-evidence approach recommended by national experts
(Ingersoll et al., 1997). The evaluation approach uses sediment chemistry, tissue residue, and toxicity test
results. The assessment tools employed in this analysis have been applied in North America, and results
of these applications have been 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 on both aquatic life and human health. 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 endpoint is used to assess
environmental impacts.

Xvii



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

National Sediment Quality Survey

There are two general types of limitations the reader should keep in mind in interpreting the results in this
report to Congress—Ilimitations of the compiled data and limitations of the evaluation approach.
Limitations of the compiled data include the mixture of data sets derived from different sampling
strategies, incomplete sampling coverage, the age and quality of data, and the lack of measurements of
important assessment parameters. Limitations of the evaluation approach include uncertainties in the
interpretive tools used to assess sediment quality (e.g., the propensity of certain chemicals to
bioaccumulate and move through the aquatic food chain), use of assumed exposure potential in screening-
level quantitative risk assessment (e.g., fish consumption rates for human health risk), and the subsequent
difficulties in interpreting assessment results. These limitations and uncertainties are discussed in detail in
Chapter 2 of this report under “Limitations of the NSI Data Evaluation.”

Data compiled for this report were generated using a number of different sampling strategies. 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 programs. Such monitoring
programs focus their sampling efforts on areas where contamination is known or suspected to occur.
Reliance on these data is 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,” using the data in the NSI database
because of the incomplete national sampling coverage and because, in EPA’s view, uncontaminated areas
are most likely substantially underrepresented.

Because this analysis is based only on readily available electronically formatted data, contamination
problems exist at some locations where data are lacking. Conversely, older data might not accurately
represent current 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 data in the NSI database were not
evaluated because of questions concerning data quality or because no locational information (latitude and
longitude) was available. NSI data do not evenly represent all geographic regions in the United States, nor
do the data represent a consistent set of monitored chemicals. More than two-thirds of all stations
evaluated in the NSI database are in Washington, Virginia, California, Illinois, Florida, Wisconsin, New
York, Texas, Oregon, and South Carolina. Each of these states has more than 500 monitoring stations.
Other states of similar or larger size (e.g., Georgia, Pennsylvania) have far fewer sampling stations with
data for evaluation. Individual stations may vary considerably in terms of the number of chemicals
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 should not be
construed as comprehensive even for locations with sampling data.

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 redistribute, whereas others 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 provide a definitive assessment of 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
determine the incidence and severity of sediment contamination. 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 sediment. TOC and AVS are essential
pieces of information for interpreting the bioavailability, and subsequent toxicity, of nonpolar organic and
metal contaminants, respectively. In addition, matched sediment chemistry with toxicity tests and
matched sediment chemistry with tissue residue data, were typically lacking. Also, because the evaluation
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approach outlined in this report needs to be applicable across the entire United States, various
assumptions were made (e.g., assuming 1 percent organic carbon when none was reported, assuming the
average individual consumes on average 17.5 grams of fish per day). Generally, the exposure assumptions
and safety factors incorporated into toxicity assessments are intended to be protective of the majority of
the general population associated with sediment contamination. However, these assumptions and factors
might underestimate risks to populations of subsistence fishers and sensitive subpopulations (such as
pregnant women, nursing mothers, and children).

It is important to understand both the strengths and limitations of this analysis to appropriately interpret
and use the information in this report. The limitations 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 reflect 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 measurements and state-of-the-art assessment techniques.

Findings

EPA evaluated 19,398 sampling stations nationwide as part of the NSI data evaluation (Figure 1). Of the
sampling stations evaluated, EPA classified 8,348 stations (43.0 percent) as Tier 1, 5,846 (30.1 percent)
as Tier 2, and 5,204 (26.8 percent) as Tier 3. EPA has concluded that these results in all likelihood are not
representative of the overall condition of sediment across the country. It could be that the overall extent of
contaminated sediments and the corresponding adverse effects are much less. This is the case 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 NSI sampling stations were located in 5,695 individual river reaches (or waterbody segments) across
the contiguous United States, or approximately 8.8 percent of all river reaches in the country (based on
EPA's River Reach File 1). A river reach can be part of a coastal shoreline, a lake, or a length of stream
between two major tributaries ranging from approximately 1 to 10 miles long. As depicted in Figure 2,
approximately 3.6 percent of all river reaches in the contiguous United States had at least one station
categorized as Tier 1, almost 3 percent (2.9 percent) of reaches had at least one station categorized as Tier
2 (but none as Tier 1), and all of the sampling stations were classified as Tier 3 in about 2.3 percent of
reaches. Looking at only the river reaches where sampling stations were evaluated, approximately 40
percent of the 5,695 river reaches evaluated had at least one sampling station categorized as Tier 1,
approximately 33 percent of the river reaches evaluated had at least one station categorized as Tier 2 (but
none as Tier 1), and all of the sampling stations in river reaches evaluated as Tier 3 in about 26 percent of
the reaches had all sampling stations categorized as Tier 3.

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 Tier 1 or Tier 2. The NSI data evaluation identified 96 watersheds throughout the United
States as containing APCs (Figure 3 and Table 1; The map numbers listed on Table 1 correspond to the
numbered watersheds identified in Figure 3). About 26 percent of the 370 eligible watersheds (96)
contained an APC, or 4.2 percent of all the 2,264 watersheds in the United States. APC designation could
result from expansive sampling throughout a watershed or from intensive sampling at a single
contaminated location or a few contaminated locations. In comparison to the overall results presented in
Figure 2, 23.9 percent of reaches in watersheds containing APCs have at least one Tier 1 sampling station
and 18.3 percent have no Tier 1 sampling station but at least one Tier 2 sampling station. In many of these
watersheds, contaminated areas may be concentrated in specific river reaches in a watershed.
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Total Number of Stations: 19,398

Puerto Rico

Hawaii

Alaska
Figure 1. Location of All Evaluated Sampling Stations.
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At Least One
Tier 1 Station

3.6%

At Least One
Tier 2 Station and
Zero Tier 1 Stations
2.9%

All Tier 3 Stations
2.3%

No Data
91.2%

Figure 2. National Assessment: Percent of River Reaches that
Include Tier 1, Tier 2, and Tier 3 Sampling Stations.

Within the 96 watersheds containing APCs across the country, 97 individual river reaches or waterbody
segments have 10 or more Tier 1 sampling stations.

The evaluation results indicate that sediment contamination associated with probable or possible adverse
effects on both aquatic life and human health exists. Overall, fewer stations were classified as Tier 1 using
aquatic life evaluation parameters (5,006 stations) than were classified using human health evaluation
parameters (6,385 stations). Of the stations classified as Tier 2, 4,439 stations were so classified using
aquatic life evaluation parameters and 3,131 stations were so classified using human health evaluation
parameters.

Recognizing the imprecise nature of some assessment parameters used in this report, Tier 1 sampling
stations are distinguished from Tier 2 sampling stations based on the magnitude of a contaminant
concentration in sediment or the degree of corroboration among the different types of sediment quality
measures. In response to uncertainty in both biological and chemical measures of sediment
contamination, environmental managers must balance Type I errors (false positives, i.e., sediment
classified as posing a threat when in fact it does not) with Type II errors (false negatives, i.e., sediment
that poses a threat but was not so classified). In screening analyses, the environmentally protective
approach is to minimize Type II 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 higher probability of posing an adverse effect (e.g., sediment posing a threat) and a
balance between Type I and Type II errors. On the other hand, to retain a sufficient degree of
environmental conservatism in screening, Tier 2 sampling stations are intended to have a very low
number of false negatives in exchange for a large number of false positives.
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Figure 3. Watersheds Identified as Containing APCs.
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Table 1. USGS Cataloging Unit Numbers and Names for Watersheds Containing APCs.

Cataloging Cataloging
Map Unit Map Unit
No.| Number Cataloging Unit Name No. Number Cataloging Unit Name
1] 01080205 |Lower Connecticut 49| 07120001 |Kankakee
2| 01090001 |Charles 50| 07120002 |Iroquois
3] 01090004 |Narragansett 51| 07120003 |Chicago
4| 01100004 |Quinnipiac 52| 07120004 |Des Plaines
5] 01100005 |Housatonic 53| 07120005 |Upper Illinois
6] 01100006 |Saugatuck 54| 07120006 |Upper Fox
7] 01100007 |Long Island Sound 55| 07120007 |Lower Fox
8| 02020003 |Hudson-Hoosic 56| 07130001 |Lower Illinois-Senachwine Lake
91 02020004 |Mohawk 571 07130003 |Lower Illinois-Lake Chautauqua
10| 02020006 |[Middle Hudson 58| 07130007 |South Fork Sangamon
11| 02020008 |[Hudson-Wappinger 59| 07130011 |Lower Illinois
12| 02030101 [Lower Hudson 60| 07130012 |Macoupin
13| 02030102 |Bronx 61| 08030207 |Big Sunflower
14| 02030103 [Hackensack-Passaic 62| 08030209 |Deer-Steele
15| 02030104 |Sandy Hook-Staten Island 63| 08090100 |Lower Mississippi-New Orleans
16| 02030105 [Raritan 64| 11070209 |Lower Neosho
17 02030201 |[Northern Long Island 65| 12030102 |Lower West Fork Trinity
18| 02030202 |[Southern Long Island 66 | 12090205 |Austin-Travis Lakes
19 02040202 |Lower Delaware 67| 14010002 |Blue
20| 02040205 |Brandywine-Christina 68| 15060106 |Lower Salt
21| 02060003 | Gunpowder-Patapsco 69| 16050203 |Carson Desert
221 02060004 [Severn 70| 17020001 |Franklin D. Roosevelt Lake
231 02080107 |[York 71| 17080001 |Lower Columbia-Sandy
241 03050201 [Cooper 721 17090012 |Lower Willamette
251 03050202 [South Carolina Coastal 73| 17100102 |Queets-Quinault
26| 03060109 [Lower Savannah 74| 17100105 |Grays Harbor
27| 03070203 |Cumberland-St. Simons 75| 17110002 |Strait Of Georgia
28| 03100206 |Tampa Bay 76| 17110012 |Lake Washington
29| 03130002 |Middle Chattahoochee-Lake Harding 77| 17110013 |Duwamish
30| 03140105 |Pensacola Bay 781 17110019 |Puget Sound
31| 03160205 |[Mobile Bay 79| 18010102 |Mad-Redwood
32| 04030108 |Menominee 80| 18020112 |Sacramento-Upper Clear
33| 04030204 |Lower Fox 81| 18040005 |Lower Cosumnes-Lower Mokelumne
341 04040001 |Little Calumet-Galien 82| 18050001 |Suisun Bay
35| 04040002 [Pike-Root 83| 18050002 |San Pablo Bay
36| 04120101 |Chautauqua-Conneaut 84 18050003 |Coyote
37| 04140201 |Seneca 85| 18050004 |San Francisco Bay
38| 05060001 |Upper Scioto 86| 18060006 |Central Coastal
39| 05120106 [Tippecanoe 87| 18060011 |Alisal-Elkhorn Sloughs
40| 05120201 |Upper White 88| 18070103 |Calleguas
41| 05120208 |[Lower East Fork White 89| 18070104 |Santa Monica Bay
421 06010201 |Watts Bar Lake 90| 18070106 |San Gabriel
431 06010205 |[Upper Clinch 91| 18070201 |Seal Beach
441 06020001 [Middle Tennessee-Chickamauga 92| 18070203 |Santa Ana
45| 07040001 |Rush-Vermillion 93| 18070204 |Newport Bay
46| 07080101 |Copperas-Duck 941 18070301 |Aliso-San Onofre
471 07090005 |Lower Rock 95| 18070304 |San Diego
481 07090007 [Green 96 ] 19020201 |Eastern Prince William Sound
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Section 503 of the WRDA of 1992 required EPA, as part of its program to assess sediment quality, to
provide an assessment of aquatic sediment quality trends. The first Report to Congress suggested EPA
“consider whether to design future evaluations of NSI data to determine the temporal trends of
contamination.” In response, EPA evaluated surficial sediment data from the entire NSI database (data
from 1980 through 1999). The evaluation of historical surficial sediment data is limited because of the
heterogeneous nature of monitoring programs and available data. Nevertheless, the evaluation tended to
show decreased or no change in sediment contamination in most regions where data were available.

The USGS National Water-Quality Assessment (NAWQA) program also examined trends in sediment
contamination for a number of contaminants by reconstructing water-quality histories using lake and
reservoir sediment cores from 22 locations nationally. Statistically significant increasing trends in total
PAH concentrations occur at nine lakes, and significant decreasing trends were detected at two lakes. The
analysis of the organochlorine compounds (pesticides and PCBs) showed that only a few locations had
significant trends since 1975. Since 1965, however, significant decreasing trends in total DDT have
occurred at 12 of the 22 lakes. Among the organochlorine compounds, dieldrin and chlordane have
increased in almost as many lakes as they have decreased since 1975. The most consistent trend since the
mid-1970s for any of the constituents tested is that all 22 lakes had statistically significant decreasing
trends in lead concentrations. Two other trace elements had somewhat consistent trends; chromium and
nickel each increased in only one lake and decreased in nine and eight lakes, respectively. Three other
elements, arsenic, copper, and mercury, had significant trends in 10 or more lakes, all with more
decreasing trends than increasing. The only trace element with more increasing trends than decreasing
trends was zinc. Nine of the 19 urban lakes had increasing trends in zinc, and 4 lakes had decreasing
trends.

Conclusions

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 location nor a definitive determination of the areal extent of contamination on a national scale.
However, the evaluation results suggest that sediment contamination may be significant enough to pose
potential risks to aquatic life and/or human health in some locations. EPA designed its evaluation
methodology for this effort to develop a screening-level assessment of sediment quality. Further
evaluation will be required to confirm that sediment contamination poses actual risks to aquatic life or
human health for any given sampling station or watershed.

The results of the NSI data evaluation must be interpreted in the context of data availability. Many states
and EPA regions 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 incidence of sediment contamination.

Although the APCs were selected by means of a screening exercise, it is EPA’s view that they represent
the highest priority for further ecotoxicological assessments, risk analysis, temporal and spatial trend
assessment, and contaminant source evaluation because of the preponderance of evidence in these areas.
Although the procedure for classifying APCs using multiple sampling stations was intended to minimize
the probability of making an erroneous classification, further evaluation of conditions in watersheds
containing APCs is necessary because the same mitigating factors that might reduce the probability of
associated adverse effects at one sampling station might also affect neighboring sampling stations.

EPA chose the watershed as the unit of spatial analysis because many states and federal water and
sediment quality management programs, as well as data acquisition efforts, are centered on 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
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watershed holistically. At the same time, EPA recognizes that contamination in some reaches in a
watershed does not necessarily indicate that the entire watershed is affected. Further analysis should be
conducted within APC watersheds to delineate sediment contamination. This will allow sediment
management activities determined to be necessary be performed in the most cost effective and
environmentally sound manner.

Watershed management is a critical component of community-based environmental protection using
watershed or hydrologic boundaries to define the problem area. Many public and private organizations are
joining forces and creating multidisciplinary and multijurisdictional partnerships to focus on water quality
problems community by community and watershed by watershed. These watershed approaches are likely
to result in significant restoration, maintenance, and protection of water resources throughout the United
States. As was reported in the initial National Sediment Quality Survey in 1997, various programs across
the United States as part of the National Estuary Program have used a watershed approach that has led to
specific actions to address contaminated sediment problems. These include the Chesapeake Bay,
Narragansett (RI) Bay, Long Island Sound, Puget Sound, New York/New Jersey Harbor, and San
Francisco Bay Estuary programs. These specific programs have all recommended actions to reduce
sources of toxic contaminants to sediment.

Continuing Challenges

The following are observations on continuing challenges to improve sediment quality assessment and
management in the United States.

»  Further Assessment of the Extent and Severity of Sediment Contamination in the 96 Targeted
Watersheds Would Improve Contaminated Sediment Management Decisions. States and tribes, in
cooperation with EPA and other federal agencies, should further evaluate the 96 watersheds
containing APCs. In many cases, it is likely that much additional investigation and assessment has
already occurred, especially in well-known areas at risk for contamination, and that some areas
have been remediated. If active watershed management programs are in place, states and tribes may
coordinate these evaluations within the context of current or planned actions. Future assessment
efforts should focus on areas such as the waterbody segments located in 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 additional sediment chemistry and related biological data, and to
conduct further evaluation of data to determine human health and/or ecological risk, to determine
temporal and spatial trends, to identify potential sources of sediment contamination and determine
whether the appropriate source controls are being applied. Any future policies and/or actions to
address contaminated sediments will have to be considered in the context of the budget process and
competing demands for funding.

*  Watershed Management Activities Would Create Multidisciplinary and Multijurisdictional
Partnerships Focusing on Sediment Contamination. Addressing water issues within a given
watershed or hydrologic boundaries—known as watershed management—is a critical component
of community-based environmental protection. A watershed management framework requires a
high level of inter-program coordination to consider all factors contributing to water and sediment
quality problems and to develop integrated, science-based, cost-effective solutions that involve all
the stakeholders. It is within the watershed framework, therefore, that federal, state, tribal, and local
government agencies and industrial and citizens’ groups can pool their common resources and
coordinate their efforts to address their common sediment contamination issues. These watershed
activities will support efforts such as monitoring and regulatory actions.

* Better Coordination of Contaminated Sediment Management and Research Activities Would
Promote Application of Sound Science in Managing Contaminated Sediments. EPA developed
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the Contaminated Sediment Management Strategy (USEPA, 1998a). Building on the Strategy,
EPA’s Contaminated Sediment Management Committee (CSMC) has developed the Contaminated
Sediment Action Plan. This plan outlines the next steps for the Agency in the management of
contaminated sediments. The multimedia, cross-program plan describes the commitments from the
EPA program offices to develop and apply sound science in managing contaminated sediments. A
key component of future coordination within EPA in addressing sediment contamination is the
contaminated sediment assessment pilots. The Office of Solid Waste and Emergency Response
(OSWER), the Office of Water (OW), and EPA’s regional offices will initiate pilot projects to
facilitate cross-program coordination on contaminated sediments. The pilot projects will bring a
cross-Agency focus to identifying and assessing waters that are impaired by sediment
contamination. The pilots will use the legal authorities and techniques available to satisfy the needs
of both the Remedial Investigation/Feasibility Study (RI/FS) evaluations and Total Maximum
Daily Load (TMDL) modeling. EPA is also developing an Agency-wide Contaminated Sediment
Science Plan to identify and prioritize the Agency’s contaminated sediment science needs.

Better Monitoring and Assessment Tools Would Improve Contaminated Sediment Management.
The sediment quality evaluation tools used and outlined in this report should be used as the basis
for future contaminated sediment assessment methods. As sediment quality data become more
available and the state of the science for sediment assessment continues to evolve, better
assessment methods will also evolve. As new and better sediment screening values and biological
assessment techniques become available and are proven to be reliable, EPA will incorporate these
techniques into future NSI data evaluations.

A Weight-of-Evidence Approach and Measures of Chemical Bioavailability in Sediment
Monitoring Programs Would Improve the Assessment of Contaminated Sediment. The ideal
assessment methodology would be based on matched data sets of multiple types of sediment
quality measures to take advantage of the strengths of each measurement type and to minimize
their collective weaknesses. As the state of science is constantly evolving, future sediment
monitoring programs should collect tissue residue, biological effects (i.e., toxicity, histopathology),
and biological community (e.g., benthic abundance and diversity) measurements whenever possible
along with sediment chemistry data. Collection of data to measure chemical bioavailability is
critical to the success of weight-of-evidence assessments. Where metals are expected to be a
concern, sediment monitoring programs should collect AVS and SEM measurements. More
accurate assessments will be possible if future monitoring programs include TOC measurements
wherever organic chemicals are a concern.

Increased Geographic Coverage in the NSI Database Would Refine a National Assessment of
the Extent and Severity of Contaminated Sediment. The NSI database is currently limited in terms
of the number of data sets it includes and the national coverage it provides. The focus of additional
data additions will be (1) to obtain a greater breadth of coverage across the United States and (2) to
increase the number of waterbodies evaluated. These types of data will be extremely useful in
future analyses to assess changes in the extent and severity of sediment contamination over time.
Upon completion of this report, EPA will make a concerted effort to accumulate more data for
inclusion in the NSI database and for future National Sediment Quality Survey reports to Congress.
This effort will begin its focus on areas (river reaches and watersheds) with minimal or no coverage
outlined in this report. As part of this effort, EPA will broadly advertise its need for information on
contaminated sediments. EPA also encourages third parties to send their information to STORET
(www.epa.gov/STORET) so that it can be reflected in the next National Sediment Quality Survey.
As part of the initial National Sediment Quality Survey, EPA included the data used for that report
in its comprehensive GIS/modeling system, Better Assessment Science Integrating Point and
Nonpoint Sources (BASINS). EPA is working on getting the additional data in the NSI database
into BASINS. In addition to this effort, EPA is also working with NOAA to incorporate the NSI
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database into Query Manager, which is a database program that can be used to access sediment
data (chemistry, toxicity, and tissue residue data) for individual watersheds and allow the data to be
queried and analyzed.

* Assessment of Atmospheric Deposition of Sediment Contaminants Would Improve
Contaminated Sediment Management. The relative contribution of contaminants to the sediment
from air deposition has been virtually unknown on a national scale, but could be significant. Under
Section 112(m) of the Clean Air Act, the EPA in cooperation with NOAA has been conducting a
program to assess the contributions and effects of hazardous air pollutants on the Great Lakes,
Lake Champlain, the Chesapeake Bay, and near-coastal waters. The findings and conclusions from
this program and others described in the third Great Waters Report to Congress will be
incorporated into future iterations of the National Sediment Quality Survey.

* Prevention of Continuing Sources of Sediment Contamination is Important in Contaminated
Sediment Management. Although sediment contamination is frequently the result of historical
discharges of pollutants before the National Pollutant Discharge Elimination System (NPDES)
regulatory program was established, there are still continuing sources of sediment contamination.
Therefore, source control and pollution prevention are crucial items in preventing contaminated
sediments. As outlined in EPA’s Contaminated Sediment Management Strategy, EPA OW and
other EPA program offices are working with non-governmental organizations and the States to
prevent point and nonpoint source contamination from accumulating in sediments. Pollution
prevention is a key element in reducing the sources of contaminants that can end up in the
sediments, potentially resulting in adverse effects to aquatic life or human health. Pollution
prevention has been shown to reduce costs, as well as pollution risks, through source reduction and
recycling/reuse techniques. Additionally, EPA has developed and is implementing a national
multimedia strategy (under the cross-agency PBT Program) for the reduction of persistent,
bioaccumulative, toxic chemicals (PBTs), which generally accumulate in sediments. EPA is
forging a new approach to reducing risks from and exposures to priority PBT pollutants. This
approach, focused on increased coordination among EPA and regional programs also requires the
significant involvement of stakeholders, including international, state, local, and tribal
organizations, the regulated community, environmental groups, and private citizens.

* Better Coordination and Communication with External Stakeholders and Other Federal
Agencies Would Improve the Contaminated Sediment Management Process. Sediment
contamination is a concern to stakeholders throughout the United States. EPA will work closely
with other Federal Agencies (e.g., USACE, NOAA, USGS) to compile and evaluate data in the NSI
database as well as the development of future reports. Additionally, EPA will reach out to the
public as we compile additional sediment quality data in the NSI database and develops the next
report to Congress. During the next year, EPA anticipates setting up “listening sessions” to gather
information that can be used for future reports to Congress. During these sessions, EPA will be
searching for additional data for the NSI database and subsequent reports, taking recommendations
on how to improve the report, and establishing better and more effective ways to keep the public
and interested stakeholders informed.

This report and future National Sediment Quality Survey reports will provide environmental managers at
the federal, state, tribal, and local levels with valuable information. The NSI database and this report can
assist local watershed managers by providing data and by demonstrating the application of a multiple-
lines-of-evidence approach for identifying and screening contaminated sediment locations. It also allows
researchers to draw on a large data set of sediment information to conduct new analyses that will continue
to advance the science of contaminated sediment assessments, which ultimately can be applied at the local
level to assist environmental managers in making sediment management decisions.
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ACRONYMS

AET
ANOVA
AOC
APC
AQUIRE
AVS
BASINS
BHC
BSAF
CAA
CAS
CDI
CERCLA
CSMC
CWA
DDD
DDE
DDT
EMAP
EPA
EqP
ERDC
ERL
ERM
ESG
FAV
FCV
FDA
FDEP
FFDCA
FIELDS
FIFRA
GCR/IHSC
GIS

GLI
GLNPO
GLWC
GMAV
HAP
HQ
HUC
LOE
LRM
MACT
MARPLOT
MDD

apparent effects threshold

analysis of variance

area of concern

area of probable concern for sediment contamination

Aquatic Toxicity Information Retrieval database

acid-volatile sulfide

Better Assessment Science Integrating Point and Nonpoint Sources (EPA modeling tool)
benzene hexachloride

biota-sediment accumulation factor

Clean Air Act

Chemical Abstracts Service

chronic daily intake

Comprehensive Environmental Response, Compensation, and Liability Act
Contaminated Sediment Management Committee

Clean Water Act

p,p’-dichlorodiphenyldichloroethane
p,p’-dichlorodiphenyldichloroethylene
p,p’-dichlorodiphenyltrichloroethane

Environmental Monitoring and Assessment Program

U. S. Environmental Protection Agency

equilibrium partitioning

Engineer Research and Development Center

effects range-low value

effects range-median value

equilibrium sediment partitioning guideline

final acute value

final chronic value

Food and Drug Administration

Florida Department of Environmental Protection

Federal Food, Drug and Cosmetic Act

fully integrated environmental location decision support system
Federal Insecticide, Fungicide, and Rodenticide Act

Grand Calumet River, Indiana Harbor Ship Canal

geographic information systems

Great Lakes Initiative

Great Lakes National Program Office (U.S. Environmental Protection Agency)
Great Lakes Water Quality Wildlife Criterion

genus mean acute value

hazardous air pollutants

hazard quotient

hydrologic unit code

lines of evidence

logistic regression model

Maximum Available Control Technology

Mapping Applications for Response, Planning, and Local Operational Tasks
minimum detectable difference
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MDR
MOU
MPRSA
NAWQA
NLFWA
NOAA
NODC
NPDES
NPL
NSI
NS&T
OECA

SCV
SEDQUAL
SEM
SETAC
SMAV
SQAL
STORET
TBP
TCDD
TEF
TEL
TIE
TMDL
TOC
TSCA
USACE
USDA
USGS

XXX

minimum data requirements

Memorandum of Understanding

Marine Protection, Research, and Sanctuaries Act

National Water-Quality Assessment Program (U.S. Geological Survey)
National Listing of Fish and Wildlife Advisories

National Oceanic and Atmospheric Administration

National Oceanographic Data Center

National Pollutant Discharge Elimination System

National Priorities List

National Sediment Inventory database

National Status and Trends Program (National Oceanic and Atmospheric Administration)
Office of Enforcement and Compliance Assurance (U.S. Environmental Protection
Agency)

Office of Research and Development (U.S. Environmental Protection Agency)
Office of Science and Technology (U.S. Environmental Protection Agency)
Office of Solid Waste and Emergency Response (U.S. Environmental Protection Agency)
Office of Water (U.S. Environmental Protection Agency)

polycyclic aromatic hydrocarbon

polychlorinated biphenyl

probable effects level

Puget Sound Water Quality Authority

persistent, bioaccumulative, and toxic

quality assurance/quality control

quantitative structure-activity relationship

Remedial Action Plan

Resource Conservation and Recovery Act

Regional Environmental Monitoring and Assessment Program

River Reach File 1

Remedial Investigation/Feasability Study

Record of Decision

Science Advisory Board

secondary acute value

secondary chronic value

Sediment Quality Information System

simultaneously extracted metals

Society of Environmental Toxicology and Chemistry

species mean acute value

sediment quality advisory level

Storage and Retrieval System

theoretical bioaccumulation potential

tetrachlorodibenzo-p-dioxin

toxic equivalency factor

threshold effects level

toxicity identification evaluation

Total Maximum Daily Load

total organic carbon

Toxic Substances Control Act

U.S. Army Corps of Engineers

U.S. Department of Agriculture

U.S. Geological Survey
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WQC water quality criteria
WRDA Water Resources Development Act
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GLOSSARY

Acid-volatile sulfide (AVS): Reactive solid-phase sulfide fraction that can be extracted by cold
hydrochloric acid. Appears to control the bioavailability of most divalent metal ions because of the
sulfide ions’ high affinity 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
generalized toxic response with lethality usually being the observed endpoint.

Benthic organisms: Species living in or on the bottom of streams, rivers, or oceans.

Bioaccumulation: The net accumulation of a chemical substance by an organism as a result of uptake
from all environmental sources.

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

Biological community: An assemblage of organisms that are associated in a common environment and
interact with each other in a self-sustaining and self-regulating relationship.

Biological effects correlation approach: A method for relating the incidence of adverse biological
effects to the dry-weight sediment concentration of a specific chemical 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 likelihood of adverse organism response, but it does not demonstrate that a particular
chemical is solely responsible.

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

Chronic toxicity: Response of an organism to repeated, long-term exposure to a chemical substance.
Typical observed endpoints include growth expressed as length and weight.

Combined sewer overflow: A discharge of a mixture of storm water and untreated domestic wastewater
that occurs when the flow capacity of a sewer system is exceeded 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 waterbody.

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

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

Equilibrium concentration: The concentration at which a system is in balance due to equal action by
opposing forces within the system. When the partitioning of a nonionic organic chemical between organic
carbon and pore water and the partitioning of a divalent metal between 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
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include pore water (respiration), sediment carbon (ingestion), sediment organism (ingestion), or a
combination of routes.

Equilibrium partitioning (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 between
organic carbon and pore water and the partitioning of a divalent metal between the solid and solution
phases are at equilibrium.

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

Logistic regression model: An empirically derived model that relies on matching field-collected
sediment chemistry and biological effects (e.g., sediment toxicity) data. Unlike other empirical methods
(which result in sediment quality guidelines), the logistic regression model yields an estimate of the
probability of observing sediment toxicity for a given sediment chemistry observation.

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

Monotonic trend: Trend that exists between two variables, such as concentration and time, when
concentration generally increases (i.e., does not decrease) or decreases (i.e., does not increase) with time.
The relationship between the two variables may be linear or nonlinear.

National Sediment Inventory (NSI): A national compilation 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 country (i.e., the National
Sediment Quality Survey).

Nonionic organic chemicals: Compounds that do not form ionic 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 compounds 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 are generally carried off the
land by storm water runoff. Sources of nonpoint source pollution include atmospheric deposition,
agriculture, silviculture, urban runoff, mining, construction, dams and channels, inappropriate land
disposal of waste, and saltwater intrusion.

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

Pelagic species: Species living in the open water or in the open ocean away from the shore or coastline.

Point source pollution: Pollution contributed by any discernible, confined, and discrete conveyance,
including 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 discharged.
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Quantitative structure-activity relationship (QSAR) technique: A tool based on the premise that a
relationship exists between the molecular structure and physical, chemical, or biological activity, such as
molar volume, boiling point, or toxicity.

River Reach: A stream segment between the consecutive confluences of a stream. Most river reaches
represent simple streams and rivers, while some river reaches represent the shoreline of wide rivers, lakes,
and coastlines. EPA's River Reach File 1 (RF1) was completed for the contiguous United States in the
mid-1980s and includes approximately 68,000 river reaches. The average length of a river reach is 10
miles. Neither the more detailed version of the Reach File (RF3) nor the National Hydrography Dataset
(NHD) was used for the National Sediment Inventory.

Sampling station: A specific location associated with latitude and longitude coordinates where data have
been collected. Multiple sampling stations can have the same latitude and longitude coordinates if labeled
with a different station identification code for sampling performed on different dates or by different
sponsoring agencies.

Simultaneously extracted metals (SEM): Metal concentrations that are extracted during the same
analysis in which the acid-volatile sulfide (AVS) content of the sediment is determined.

Solid-phase toxicity test: A toxicity test in which test organisms are exposed directly to sediments.
Sediments 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 exposure. Solid-phase toxicity tests
integrate multiple exposure routes, including chemical intake from dermal contact with sediment particles
as well as ingestion of sediment particles, interstitial water, and food organisms.

Theoretical bioaccumulation potential (TBP): 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.
TBP is 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.

Total organic carbon (TOC): A measure of the organic carbon content of sediment expressed as a
percentage. Used to normalize the dry-weight sediment concentration 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
exposure medium that pose a potential carcinogenic risk (e.g., 10, or a 1 in 100,000 extra chance of
cancer over a lifetime) and/or noncancer hazard (i.e., exceeds a reference dose). Used in this document to
estimate human health risk associated with the consumption of chemically contaminated fish tissue.

U.S. Food and Drug Administration (FDA) tolerance/action or guideline levels: FDA has prescribed
levels of contaminants that will render a food “adulterated.” The establishment of action levels (levels of
food contaminants to which consumers can be safely exposed) or tolerances (regulations having the force
of law) is the regulatory procedure that FDA uses to control environmental contaminants in the
commercial food supply.
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CHAPTER 1
INTRODUCTION

What Is the National Sediment Quality Survey?

The Water Resources Development Act (WRDA) of 1992 directed the U.S. Environmental Protection
Agency (EPA), in consultation with the National Oceanic and Atmospheric Administration (NOAA) and
the U.S. Army Corps of Engineers (USACE), to conduct a comprehensive national survey of data
regarding the quality of sediments in the United States. Section 503 of WRDA 1992 required EPA to
“compile all existing information on the quantity, chemical and physical composition, and geographic
location of pollutants in aquatic sediments, including the probable sources of such pollutants and
identification of those sediments which are contaminated....” Section 501(b)(4) of WRDA 1992 defines
contaminated sediment as “aquatic sediment which contains chemical substances in excess of appropriate
geochemical, toxicological or sediment quality criteria or measures; or is otherwise considered by the
Administrator [of EPA] to pose a threat to human health or the environment....” Section 503 further
required EPA to “report to 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.” In addition, Section 503(b) requires EPA to conduct a comprehensive
and continuing program to assess aquatic sediment quality. This program must establish methods and
protocols for monitoring the physical, chemical, and biological effects of pollutants in aquatic sediment
and of contaminated sediment. EPA must submit a report to Congress every 2 years on the finding of the
monitoring required under the Act.

To comply with this mandate, EPA’s Office of Science and Technology (OST) initiated the National
Sediment Inventory (NSI) database. The goals of the NSI are to compile sediment quality information
from available electronic databases, develop screening-level assessment protocols to identify potentially
contaminated sediment, and produce biennial reports to Congress as well as the EPA regions, states, and
tribes on the incidence and severity of sediment contamination nationwide. To ensure that future reports
to Congress accurately reflect the latest conditions of the Nation’s sediment as science evolves, the NSI
database will develop into a regularly updated, centralized aggregation of sediment quality measurements.

In 1997 EPA published the first report, titled The Incidence and Severity of Sediment Contamination in
Surface Waters of the United States, volumes 1 through 3. The first volume, The National Sediment
Quality Survey (USEPA, 1997), presented a national baseline screening-level assessment of contaminated
sediments based on sediment quality data collected from 1980 through 1993 using a weight-of-evidence
approach. The purpose of the initial National Sediment Quality Survey, as well as this first update to that
report, is to depict and characterize the incidence and severity of sediment contamination based on the
probability of adverse effects to human health and/or the environment, and the information provided
could be used to further investigate sediment contamination on a national, regional, or site-specific scale.
Volume 2 of the first report presented data summaries for watersheds that had been identified as
containing areas of probable concern for sediment contamination, and Volume 3 presented a screening
analysis to identify probable point source contributors of sediment pollutants.

For this current National Sediment Quality Survey, OST added to the data compiled in the initial NSI
database additional data from across the country currently stored in large electronic databases and
covering the years up through 1999. This effort required a substantial synthesis of multiple formats and
the coordinated efforts of many federal and state environmental information programs that maintain
relevant data. Data from many sampling and testing studies have not yet been incorporated into the NSI
database and therefore are not evaluated in this National Sediment Quality Survey. Thus, it is highly likely
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that additional locations ranging from relatively pristine to extensive sediment contamination do not
appear in the NSI database and are therefore not evaluated in the National Sediment Quality Survey. As
data management systems and access capabilities continue to improve, EPA anticipates that a greater
amount of data will be incorporated into the NSI database and subsequent National Sediment Quality
Survey reports to Congress.

This report presents the results of the screening-level assessment of the NSI data from 1990 through 1999.
For this assessment, OST examined sediment chemistry data, tissue residue data, and sediment toxicity
test results. The purpose of this assessment was to determine whether potential adverse effects from
sediment contamination exist currently or existed over the past 10 years at distinct monitoring locations
throughout the United States. The initial National Sediment Quality Survey report to Congress used all the
data available from 1980 through 1993 to develop a baseline assessment. Because of the biennial
reporting requirements associated with this report, EPA wanted to “window in” on a regular time frame
for including data. One major advantage of screening out older data (data collected prior to January 1,
1990) is that it prevents the results presented in this report from being unduly influenced by historical
data when more recent data are available. However, this would not allow for the results of any decrease in
sediment contaminant levels due to scouring, re-burial, natural attenuation, or active sediment
remediation that have occurred since that sample was collected.

This report identifies locations where available data indicate that direct or indirect exposure to the
sediment could be associated with adverse effects to aquatic life and/or human health. Even though this
report focuses on data collected from 1990 through 1999, conditions might have improved or worsened
since the sediment was sampled. Additionally, the data were generally not collected in a randomized
sampling approach. Consequently, this report does not and cannot provide a definitive assessment of the
national condition or relative health of sediments across the country. Even though this report does not
provide an assessment of the “national condition” of contaminated sediments it does,. however, evaluate
data from 1980 through 1999 in the NSI database to assess changes in the extent and severity of sediment
contamination over time for specific areas in the United States where sufficient data exist.

This National Sediment Quality Survey and future iterations of this report will provide environmental
managers at the federal, state, tribal and local levels with valuable information. The NSI database and this
report can assist local watershed managers by providing additional data that they might not have,
demonstrating the application of a multiple-lines-of-evidence approach for identifying and screening
contaminated sediment locations. It also allows researchers to draw on a large data set of sediment
information to conduct new analyses that will continue to advance the science of contaminated sediment
assessments and ultimately can be applied at the local level to assist environmental managers in making
sediment management decisions. Any future policies and/or actions to address contaminated sediments
will have to be considered in the context of the budget process and competing demands for funding.

This National Sediment Quality Survey provides a screening-level assessment of data collected from 1990
through 1999 and contained in the NSI database. Chapter 1 provides the intent of this report and
background information on sediment quality issues. Chapter 2 is an overview of the assessment
methodology used to evaluate the NSI data (from 1990 through 1999) to identify potentially contaminated
sediment locations. Chapter 3 contains the results of the evaluation on the national, regional, and state
levels. Chapter 4 presents the methods used and the results of a temporal trend analysis of sediment
contamination over time. Chapter 5 provides a discussion of the results and observations on continuing
challenges to improve sediment quality assessment and management in the United States. Several
appendices present detailed descriptions of both the data in the NSI database and the approaches used to
evaluate the data:

Appendix A:  National Sediment Inventory Field Description

Appendix B:  Description of Evaluation Parameters Used in the NSI database Evaluation
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Appendix C:  Values Used for Chemicals Evaluated

Appendix D:  Species Characteristics Related to NSI Bioaccumulation Data
Appendix E:  Trend Analysis Case Studies

Appendix F:  Comparison of Watersheds Containing APCs

Why Is Contaminated Sediment an Important National Issue?

In response to the need for national guidance on addressing contaminated sediments, EPA released its
Contaminated Sediment Management Strategy in 1998. This document establishes four goals to manage
the problem of contaminated sediment and it describes actions the Agency intends to take to accomplish
those goals. The goals are as follows: (1) prevent the volume of contaminated sediment from increasing;
(2) reduce the volume of existing contaminated sediments; (3) ensure that sediment dredging and dredged
material disposal are managed in an environmentally sound manner; and (4) develop scientifically sound
sediment management tools for use in pollution prevention, source control, remediation, and dredged
material management.

Contaminated sediments may be directly toxic to aquatic life or can be a source of contaminants for
bioaccumulation in the food chain. A wide range of physical, chemical, and biological factors have the
potential to influence the bioavailability of sediment contaminants. The bioavailability of contaminants in
sediment is a function of the type of chemical and the chemical speciation, as well as the behavior and
physiology of the organism. The two basic routes of exposure for organisms are (1) transport of dissolved
contaminants in pore water across biological membranes and (2) ingestion of contaminated food or
sediment particles with subsequent transport across the gut. For upper-trophic-level species, ingestion of
contaminated prey is the predominant route of exposure, especially to hydrophobic chemicals. Uptake
through ingestion of or direct exposure to water or sediment can also be important depending on the
trophic level of the organism and the physical-chemical characteristics of the contaminant (USEPA,
2000a).

Contaminated sediment poses ecological and/or human health risks in many watersheds throughout the
United States. Even in areas where EPA water quality criteria (WQC) are not exceeded, adverse effects
have been observed in organisms in or near the sediments (Chapman, 1989). Because many chemicals of
anthropogenic origin (e.g., pesticides, polycyclic aromatic hydrocarbons [PAHs], and chlorinated
hydrocarbons) tend to sorb to sediments and organic materials, these chemicals also end up concentrating
in the sediment, which acts as a reservoir. Although concentrations of chemicals in sediment may be
several orders of magnitude higher than those in the overlying water, bulk sediment concentrations have
not been strongly correlated to bioavailability (Burton, 1991). Nevertheless, sediment contamination can
have many detrimental effects on an ecosystem, some of which are evident and others more discrete or
unknown. For example, benthic invertebrate communities can be totally lost or converted from sensitive
to pollution-tolerant species. These tolerant species process a variety of materials, and their metabolic
products can also be different. These differences mean that ecosystem functions such as energy flow,
productivity, and decomposition processes might be significantly altered (Griffiths, 1983). Loss of any
biological community in the ecosystem can indirectly affect other components of the system. For
example, if the benthic community is significantly changed, nitrogen cycling might be altered such that
forms of nitrogen necessary for key phytoplankton species are lost and the phytoplankton are replaced
with blue-green algae (cyanobacteria) capable of nitrogen fixation. Other effects from sediment
contamination are direct, as observed in the Great Lakes where top predator fish have become highly
contaminated from consuming bottom-feeding fish and benthic invertebrates that are laden with sediment-
associated pollutants, such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs), mercury, and pesticides. Documented adverse ecological effects from contaminated sediments
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include fin rot, increased tumor frequency, and reproductive toxicity in fish, as well as a decrease in
aquatic ecosystem biodiversity (USEPA, 1998a). Effects on ecosystem processes have been very dramatic
in areas affected by acid precipitation and acid mine drainage, which contribute to pollutant loadings to
waterbodies. In most areas receiving pollutant loadings, however, the effects are difficult to observe and
require use of various assessment tools, such as benthic macroinvertebrate community analysis, chemical
testing, quantification of habitat characteristics, and toxicity testing (Burton and Scott, 1992).

As described above, sediment contamination can adversely affect the health of organisms and provide a
source of contaminants to the aquatic food chain (Lyman et al., 1987). For example, fin rot and a variety
of tumors have been found in fish living above sediments contaminated by PAHs located near a creosote
plant on the Elizabeth River in Virginia. These impacts have been correlated with the extent of sediment
contamination in the river (Van Veld et al., 1990). Human and wildlife consumption of finfish and
shellfish that have accumulated contaminants in their tissue (bioaccumulation) is an important human
health and wildlife concern. In fact, fish consumption represents the most significant route of aquatic
exposure of humans to many metals and organic compounds (USEPA, 1992). Most sediment-related
human exposure to contaminants is through indirect routes that involve the transfer of pollutants out of
the sediments and into the water column or aquatic organisms. Many surface waters have fish
consumption advisories or fishing bans in place mostly due to mercury, PCBs, chlordane, dioxins, and
DDT and its metabolites (DDD and DDE), which are commonly found in sediments. Based on EPA’s
2002 National Listing of Fish and Wildlife Advisories database (NLFWA) there are 2,800 fish advisories
in the United States for the types of contaminants often found in contaminated sediments. These
advisories affect more than 544,000 river miles, 71 percent of the Nation’s coastal waters, and more than
95,000 lakes, including 100 percent of the Great Lakes.

Additional examples of direct impacts of contaminated sediment on wildlife and humans have been noted.
Bishop et al. (1995, 1999) found good correlations between a variety of chlorinated hydrocarbons in the
sediment and concentrations in bird eggs. These researchers found that this relationship indicated that the
female contaminant body burden was obtained locally, just before egg laying. Other studies by Bishop et
al. indicated a link between exposure of snapping turtle (Chelydra s. serpentina) eggs to contaminants
(including sediment exposure) and developmental success (Bishop et al., 1991, 1998). Other
investigations of environmentally occurring persistent organics have shown bioaccumulation and a range
of effects in the mudpuppy, Necturus maculosus (Bonin et al., 1995; Gendron et al., 1997). In the case of
humans there is only anecdotal evidence from cases like Monguagon Creek, a small tributary to the
Detroit River, where incidental human contact with the sediment resulted in a skin rash (Zarull et al.,
1999).

In addition to human health and ecological impacts, contaminated sediments can cause severe economic
impacts. Economic risk might be felt by the transportation, tourism, and fishing industries. In one Great
Lakes harbor (Indiana Harbor Ship Canal), navigational dredging has not been conducted since 1972 “due
to the lack of an approved economically feasible and environmentally acceptable disposal facility for
dredged materials” from the Indiana Harbor Ship Canal (USACE, 1995). The accumulation of sediment
in this canal has increased costs for industry. Ships carrying raw materials have difficulty navigating in
the harbor and canal. In addition, ships come into the harbor loaded at less than optimum vessel drafts.
There is also restricted use of various docks, requiring unloading at alternative docks and double handling
of bulk commodities to the preferred dock. These problems are causing increased transportation costs for
waterborne commerce in this Canal, estimated in 1995 at $12.4 million annually (USACE, 1995).

How Significant Is the Problem?

In the first Report to Congress, EPA found that every state in the country had at least one sampling
location that was classified as having probable adverse effects to aquatic life or human health, indicating a
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geographically diverse problem. Other more geographically targeted studies have attempted to quantify
the extensiveness of sediment contamination. For example, studies conducted on sediment from the Great
Lakes area have demonstrated that contaminated sediments are of great concern to humans and wildlife
that live in the Great Lakes Basin. Years of industrial and municipal discharges, combined sewer
overflows, and urban and agricultural nonpoint source runoff have contributed to the creation of vast
amounts of highly polluted sediments that pose serious human and ecological health risks (USEPA,
2000b). Sediments have been collecting on the bottoms of the Great Lakes since they were formed by
glacial scouring and melting. Even after cleanup efforts began in the late 1960s, little attention was paid
to the toxics that accumulated in the bottom sediments. The first priority was to stop the discharge of new
contaminants into waterways, and little concern was paid to sediments (USEPA, 2000b). It was not until
the early 1980s that environmental problems caused by sediment contamination began to generate interest
in the Great Lakes.

EPA’s Great Lakes National Program Office (GLNPO) has reported that polluted sediment is the largest
major source of contaminants in Great Lakes rivers and harbors entering the food chain, including the
current 42 Areas of Concern (AOC) designated by the United States and Canada, the Parties to the Great
Lakes Water Quality Agreement (Figure 1-1). Over the past several years, Great Lakes stakeholders have
moved forward in the pursuit of sediment remediation. In the years 1997-2002, almost 2.3 million cubic
yards of contaminated sediment has been removed from the U.S. Great Lakes Basin (EPA/GLNPO,
March, 2004).

Numerous statutes, including the Clean Water Act (CWA), the Marine Protection, Research, and
Sanctuaries Act (MPRSA or Ocean Dumping Act), and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), authorize programs that address contaminated sediments
(USEPA, 1998a). First, the disposal of material resulting from navigational dredging in the Nation’s
waters is regulated under either the CWA (Section 404) or the MPRSA, depending on the location of the
disposal site. Although it is estimated that only 5 to 10 percent of the material dredged each year is not
suitable for open water disposal due to contamination, there are widespread concerns among the public
regarding the effect of contaminated dredged material disposal. The difficulty associated with finding
alternative disposal options for contaminated dredged material often results in project delays, additional
costs, and significant controversy.

CERCLA provides one of the most comprehensive authorities available to EPA to obtain sediment
cleanup, reimbursement of EPA cleanup costs, and compensation to natural resource trustees for damages
to natural resources affected by contaminated sediments. Removal actions and enforcement actions can be
brought at both National Priorities List (NPL) and non-NPL sites. To date, about 300 sites (approximately
20 percent) on the Superfund NPL appear to have some kind of contaminated sediment. EPA has made
decisions at almost 50 percent of these sites to address that contamination. Most of the sites are small, but
a few sites are quite large.

In addition, under CWA Section 303(d), EPA and the states may address contaminated sediments in
developing Total Maximum Daily Loads (TMDLs). TMDLs identify the loading capacity of waters not
meeting water quality standards. TMDLs allocate the receiving waters’ pollutant loading capacity among
point and nonpoint sources of pollutants of concern. Based on the states’1998 lists of impaired waters,
about 36,000 TMDLs will need to be developed for about 20,000 impaired waterbodies throughout the
United States. Based on the TMDL tracking system with the 1998 data, only 32 impaired waterbodies
were specifically identified as impaired by contaminated sediments. However, about 21 percent of the
TMDLs are for pollutants that are also often found in contaminated sediments (e.g., PCBs, mercury,
pesticides). It is very likely that these TMDLs will require some analysis for the contribution of pollutants
from contaminated sediments.
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Figure 1-1. Areas of Concern in the Great Lakes—St. Lawrence River Basin.
Source: http://www.on.ec.gc.ca/water/raps/map_e.html; Environment Canada
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In 1994 the National Oceanic and Atmospheric Administration (NOAA) released its Inventory of
Chemical Concentrations in Coastal and Estuarine Sediments (NOAA, 1994). This study characterized
2,800 coastal sites as either “high” or “hot,” based on the contaminant concentrations found at the
sampling locations. NOAA did not use risk-based screening values for its analysis. Using the National
Status and Trends Mussel Watch data set, “high” values were defined as the mean concentration for a
specific chemical plus one standard deviation. NOAA’s “high” values correspond to about the 85"
percentile of contaminant concentration. “Hot” concentrations were defined as those exceeding five times
the “high” values. Most of the “hot” sites were in locations with high ship traffic, industrial activity, and
relatively poor flushing, such as harbors, canals, and intercoastal waterways (NOAA, 1994). Mercury and
cadmium exceeded the NOAA “hot” thresholds at a greater percentage of sites where they were measured
(about 7 percent each) than other sediment contaminants (USEPA, 1998a).

In selected areas throughout 25 estuaries and marine bays along the Atlantic, Gulf of Mexico, and Pacific
coasts, NOAA performed toxicity tests on 1,543 surficial sediment samples collected from 1991 through
1997. The toxicity of each sample was determined by exposing amphipods to bulk sediments for 10 days
and measuring their survival. These 1,543 samples collectively represented a total area of approximately
7,300 square kilometers. Toxicity was observed in samples that represented approximately 6 percent of
the combined area (Long, 2000). Using similar tests conducted on samples collected in different, but
overlapping study areas, EPA estimated that about 7 percent of the combined estuarine area sampled was
toxic. The northeastern and southwestern estuaries displayed the most severe toxicity generally, and
toxicity was observed the least in southeastern and northwestern areas. However, extensive portions of the
Pacific coast have not been tested using the same methods. Toxicity was considerably much more
widespread (25 to 39 percent), however, when the results of two sublethal sediment toxicity tests were
evaluated (Long, 2000).

As part of EPA’s Environmental Monitoring and Assessment Program (EMAP), sediment samples were
collected to assess toxicity on a regional scale in streams and rivers in the Mid-Atlantic United States in
1994, 1997, and 1998 and in the Colorado Rocky Mountains in 1994 and 1995. Sample sites were
selected randomly using a probability design so that the results could be extrapolated for the entire region.
Toxicity was evaluated on these samples by exposing an amphipod (Hyalella azteca) to bulk sediment
and measuring lethality and growth. In 1994 approximately 5.7 percent of the Mid-Atlantic stream length
(10,700 kilometers out of 188,700 kilometers) was found to have toxic sediments. In 1997 and 1998
sediments from about 8.7 percent (21,830 kilometers out of 250,500 kilometers) of Mid-Atlantic stream
length were found to be toxic. In the Southern Colorado Rockies, an estimated 422 kilometers (6.4
percent) of the 6,600 kilometers of target stream length had toxic sediments (Lazorchak et al., 1999).
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CHAPTER 2
METHODOLOGY

In the first report to Congress, The Incidence and Severity of Sediment Contamination in Surface Waters
of the United States: National Sediment Quality Survey (USEPA, 1997), EPA noted that it faced two
primary challenges in achieving the short-term goals of the National Sediment Quality Survey and
fulfilling the mandate of WRDA 1992, as described in the introduction to this report. Those two
challenges remain in this first update to the National Sediment Quality Survey. The first challenge is to
compile a database of consistent sediment quality measures suitable for all regions of the country. The
second is to identify scientifically sound methods to determine whether a particular sediment is
“contaminated” based on 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 concentrations of contaminants in sediment. In most
cases, however, less obvious effects on biological communities and ecosystems are far more difficult to
identify and are frequently associated with varying concentrations of sediment contaminants. In other
words, bulk sediment chemistry measures are not always indicative of toxic effect levels. Similar
concentrations of a chemical can produce widely different biological effects in different sediments. This
discrepancy occurs because toxicity is influenced by the extent to which chemical contaminants bind to
other constituents in sediment. These other sediment constituents, such as organic ligands and inorganic
oxides and sulfides, are said to control the bioavailability of accumulated contaminants (Di Toro et al.,
1990). Toxicant binding, or sorption, to sediment particles suspends the toxic mode of action in biological
systems (Swartz et al., 1995). Because the binding capacity of sediment varies, the degree of toxicity
exhibited also varies for the same total quantity of toxicant.

The five general categories of sediment quality measurements are sediment chemistry, sediment toxicity,
community structure, tissue chemistry, and pathology (Power and Chapman, 1992). Each category 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, represented broad
geographic coverage, and represented specific sampling locations identified by latitude and longitude
coordinates.

As described previously, sediment chemistry measures alone might not accurately reflect risk to the
environment. However, EPA has developed assessment methods that combine contaminant
concentrations with measures of the primary binding phase to address bioavailability for certain chemical
classes, under assumed conditions of thermodynamic equilibrium (USEPA, 2000c). Other methods,
which rely on statistical correlations of contaminant concentrations with incidence of adverse biological
effects, also exist (Barrick et al., 1988; FDEP, 1994; Field et al., 1999; 2002; Ingersoll et al., 2001; Long
et al., 1995; MacDonald et al., 1996). In addition, fish tissue levels can be predicted by using sediment
contaminant concentrations along with independent field measures of chemical partitioning behavior and
other known or assigned fish tissue and sediment characteristics. EPA can evaluate risk to consumers
from predicted and field-measured tissue chemistry data using established dose-response relationships
and standard consumption patterns (USEPA and USACE, 1998). Evaluations based on tissue chemistry
circumvent the bioavailability issue while also accounting for other mitigating factors such as
metabolism. The primary difficulty in using field-measured tissue chemistry is relating chemical residue
levels to a specific sediment, especially for those fish species which typically forage across great
distances.
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Sediment toxicity, community structure, and pathology measures are less widely available than sediment
chemistry and fish tissue data in the broad-scale electronic format EPA sought for the NSI database.
Traditionally sediment toxicity data have been expressed as percent survival in comparison to a control
for indicator organisms exposed to the field-sampled sediment in laboratory bioassays (ASTM, 2002a,
2002b, 2002¢; USEPA, 1994a, 1994b, 2000d). More recently, as indicated in the data collected for this
report, sublethal measurements (e.g., reduction in survival, growth, and reproduction) are being used
(Ingersoll et al., 2001). These sublethal endpoints are more prevalent in this update to the first National
Sediment Quality Survey report. Although these measures account for bioavailability and the antagonistic
and synergistic effects of pollutant mixtures, they do not identify specific contaminants responsible for
observed toxicity. Indicator organisms also might not represent the most sensitive species. Community
structure measures, such as fish abundance and benthic diversity, and pathology measures are potentially
indicative of long-term adverse effects, yet there are a multitude of mitigating physical, hydrologic, and
biological factors that might not relate in any way to chemical contamination.

Studies have been conducted evaluating the ecological relevancy between response endpoints (i.e.,
reduction in growth of Hyalella azteca) and the ecological resources to be protected (i.e., the indigenous
benthic community). Burton et al. (1996) compared results from laboratory sediment toxicity tests to
colonization of artificial substrates exposed in situ to contaminated sediments. Survival and growth of
Hyalella azteca and Chironomus tentans in laboratory exposures negatively correlated to percent
chironomids and percent tolerant taxa colonizing artificial substrates in the field. Schlekat et al. (1994;
Canfield et al., 1994, 1996) also reported general good agreement between sediment toxicity tests with
Hyalella azteca and benthic community responses.

An important goal of this report is to evaluate data collected throughout the United States in an attempt to
describe the ecological integrity of sediments in the Nation’s waterways. Ideally, the assessment
methodology used to accomplish this task would be based on matched data sets of all five types of
sediment quality measures described above to take advantage of the strengths of each measurement type
and to minimize their collective weaknesses in a weight-of-evidence approach. Unfortunately, such a
database does not exist on a national scale, nor is it typically available on a smaller scale. The statutory
definition of contaminated sediments in WRDA 1992 enables EPA to identify locations where sediment
chemistry measures exceed “appropriate geochemical, toxicological, or sediment quality criteria or
measures.” By the same statutory definition, based on screening values (e.g., EPA risk levels for fish
tissue consumption) or availability of control samples for purposes of comparison, EPA can also use
tissue chemistry and sediment toxicity measures to identify aquatic sediments that “otherwise pose a
threat to human health or the environment.” Without appropriate comparable reference conditions, EPA
believes that it cannot accurately evaluate community structure or pathology measures to identify
contaminated sediments based purely on the statutory definition.

For the first report to Congress, the following measurement parameters and techniques were used alone or
in combination to perform a screening-level assessment of the probability of adverse effects:'
Aquatic Life
» Comparison of sediment chemistry measurements to sediment chemistry screening values.
— Draft sediment quality criteria (SQCs)
— Sediment quality advisory levels (SQALs)

'A screening-level assessment typically identifies many potential problems that prove not to be
significant upon further analysis (i.e., more conservative).
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— Effects range-median (ERM) and effects range-low (ERL) values
— Probable effects levels (PELs) and threshold effects levels (TELSs)
— Apparent effects thresholds (AETs)

* Comparison of the molar concentration of acid-volatile sulfides ([AVS]) in sediment to the molar
concentration of simultaneously extracted metals ([SEM]) in sediment. (Under equilibrium
conditions, sediment with [AVS] greater than [SEM] will not demonstrate toxicity from metals.)

» Lethality based on sediment toxicity data

Human Health

» Comparison of theoretical bioaccumulation potential (TBP) values derived from sediment
chemistry to:

— EPA cancer and noncancer risk levels or

— Food and Drug Administration (FDA) tolerance, action, or guidance values in the absence of,
or if more stringent than, EPA levels.

* Comparison of fish tissue contaminant levels to
— EPA cancer and noncancer risk levels or

— FDA tolerance, action, or guidance values in the absence of, or if more stringent than, EPA
levels.

For the first report to Congress, 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) were classified as
Tier 1; 10,401 (49 percent) were classified as Tier 2; and 5,174 (25 percent) were classified as Tier 3.

For the current analysis in this update, EPA evaluated sediment chemistry, tissue chemistry, and sediment
toxicity data, taken at the same sampling station, individually and in combination using a variety of
assessment methods. Because of the limitations of the available sediment quality measures and
assessment methods, EPA characterizes this identification of contaminated sediment locations as a
screening-level analysis. A screening-level analysis typically identifies many potential problems that
prove not to be significant upon further analysis. Thus, classification of sampling stations in this analysis
is not meant to be definitive, but rather is intended to indicate potential problems arising from persistent
metal and organic chemical contaminants.

The first report to Congress used all data available from 1980 through 1993 for developing a baseline
assessment. Because of the regular reporting requirements associated with this report, EPA wished to
“window in” on a regular time frame for including sediment chemistry, tissue residue, and sediment
toxicity data. The principal advantage of screening out older data (data collected before January 1, 1990)
is to prevent the results presented in this report from being unduly influenced by historical data when
more recent data are available. EPA recognizes, however, that this “time windowing” will result in
locations that have no evaluation provided in this document even though data are available in the NSI
database. For the current analysis, EPA elected to evaluate data collected from 1990 through 1999 and to
evaluate each chemical or biological measurement taken at a given sampling station individually. The
methodology used for the current analysis has been modified to take advantage of scientific advances
since the release of the first National Sediment Quality Survey. Similar to the previous analysis, sampling
data obtained at a sampling station during the past 10 years for an individual chemical might result in the
sampling station’s being associated with adverse effects on aquatic life or human health. The final section
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in Chapter 3 presents a comparison based on applying the methodology presented in this chapter to the
data used for the first National Sediment Quality Survey.

EPA recognizes that sediment is dynamic and that great temporal and spatial variability in sediment
quality exists. This variability can be a function of sampling (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, bury it, or deposit it on the floodplain). Movement of sediment is highly
temporal and depends on the physical and biological processes at work in the watershed. Some deposits
redistribute, whereas others 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
on aquatic life or human health are probable (Tier 1); associated adverse effects on aquatic life or human
health are possible (Tier 2); or no indication of associated adverse effects (Tier 3). A Tier 3 sampling
station classification does not necessarily imply a zero or minimal probability of adverse effects; it
implies only that available data (which might be substantial or limited) do not indicate an increased
probability of adverse effects. Recognizing the imprecise nature of the numerical assessment 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 corroboration among the different types of sediment quality
measures.

The remainder of this chapter presents a description of the NSI data, an explanation of the data evaluation
approach, and the strengths and limitations of the data evaluation used for this National Sediment Quality
Survey.

Description of NSI Data

The NSI database includes data from numerous data storage systems and monitoring programs. These
systems and programs are listed below along with the percentage of stations that make up the NSI
database.

* Selected data sets from EPA’s Storage and Retrieval System (STORET) (35 percent of sampling
stations)

— U.S. Army Corps of Engineers (USACE)
— EPA
— States
* NOAA'’s Query Manager Data System (18.5 percent of sampling stations)
— Including NOAA’s National Status and Trends Program

» State of Washington Department of Ecology’s Sediment Quality Information System (SEDQUAL)
(16.5 percent of sampling stations)

* Selected data sets from the U.S. Geological Survey’s (USGS’s) WATSTORE (13.5 percent of
sampling stations)

* EPA’s Environmental Monitoring and Assessment Program (EMAP) (6.5 percent of sampling
stations)

» Data compiled for the previous report to Congress (4.8 percent of sampling stations)

* Chesapeake Bay Program (2.4 percent of sampling stations)
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» Upper Mississippi River System data compilation prepared by USGS (1.1 percent of sampling
stations)

* Other sampling programs (1.7 percent of sampling stations)
— Indiana Department of Environmental Management Sediment Sampling Program
— Oklahoma Reservoir Fish Tissue Monitoring Program, 1990 through 1998
— Houston Ship Channel Toxicity Study

Although EPA elected to evaluate data collected since 1990 (i.e., 1990 through 1999), data from before
1990 are maintained in the NSI database. At a minimum, EPA required that electronically available data
include monitoring program, sampling date, latitude and longitude coordinates, and measured units for
inclusion in the data evaluation. Additional information about available data fields is presented in
Appendix A of this report.

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

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

» Tissue residue: Measurement of chemical contaminants in the tissues of organisms.

» Toxicity: Measurement of the lethal or sublethal effects of contaminants in environmental media on
various test organisms.

The NSI database 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 procedures. EPA’s STORET database, however, is intended to be a broad-based repository
of data. Consequently, the quality of the data in STORET, in terms of both database entry and analytical
instrument error, is unknown and probably varies a great deal depending on the quality assurance
management associated with specific data submissions.

Inherent in the diversity of data sources are contrasting monitoring objectives and scope. Component
sources contain data derived from different spatial sampling plans, sampling methods, and analytical
methods. For example, most data from EPA’s EMAP program represent sampling stations that lie on a
standardized grid over a given geographic area, whereas data in EPA’s STORET most likely represent
state monitoring data sampled from locations near known discharges or thought to have elevated
contaminant levels. In contrast, many of NOAA’s National Status and Trends Program data represent
sampling stations purposely selected because they are removed from known discharges.

From an assessment point of view, STORET data might be useful for developing a list of contaminated
sediment locations but might overstate the general extent 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 sampling stations and
uncontaminated sampling stations. Approximately one-third of the sampling stations in the NSI database
are from the STORET database. Reliance on these data is consistent with the stated objective of this
survey—to identify those sediments which are contaminated. Realizing that uncontaminated areas are
most likely substantially underrepresented and that the data in the NSI database do not provide a complete
national coverage, EPA does not believe it is appropriate to make inferences regarding the overall
condition of the Nation’s sediment or characterizing the “percent contamination” using the data in the
NSI database.

NSI data do not evenly represent all geographic regions in the United States, as mentioned above; nor do
the data represent a consistent set of monitored chemicals. For example, several of the databases are
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targeted toward marine environments or other geographically focused areas. Table 2-1 presents the
number of stations evaluated per state (including District of Columbia and Puerto Rico). More than two-
thirds of all stations evaluated in the NSI database are in Washington, Virginia, California, Illinois,
Florida, Wisconsin, New York, Texas, Oregon, and South Carolina. Each of these states has more than
500 monitoring stations. Other states of similar or larger size (e.g., Georgia, Pennsylvania) have far fewer
sampling stations with data for evaluation. Figures 2-1, 2-2, and 2-3 depict the location of monitoring
stations with data collected from 1990 through 1999 for sediment chemistry, tissue residue, and toxicity
data, respectively. Individual stations may vary considerably in terms of the number of chemicals
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 should not be
construed as comprehensive even for locations with sampling data. The reliance on readily available
electronic data has undoubtedly led to exclusions of a vast amount of information available from sources
such as local and state governments and published reports. Other limitations, including data quality
issues, are included in the Conclusions and Discussion chapter of this report.

h Table 2-1. Number of Stations Evaluated in the NSI by State.
z Region 1 Connecticut 121 Region 6 Arkansas 34
Maine 0 Louisiana 396
m Massachusetts 127 New Mexico 167
E New Hampshire 4 Oklahoma 292
Rhode Island 18 Texas 600
: Vermont 5
u- Region 2 New Jersey 492 Region 7 lowa 113
New York 753 Kansas 119
o Puerto Rico 10 Missouri 194
n Nebraska 157
Region 3 Delaware 234 Region 8 Colorado 133
m District of Columbia 6 Montana 11
Maryland 290 North Dakota 33
> Pennsylvania 216 South Dakota 32
H Virginia 1,577 Utah 56
: West Virginia 105 Wyoming 29
Region 4 Alabama 173 Region 9 Arizona 123
u Florida 1,157 California 1,535
u Georgia 263 Hawaii 18
Kentucky 63 Nevada 76
q Mississippi 187
North Carolina 291
¢ South Carolina 576
n Tennessee 164
Region 5 Illinois 1,370 Region 10 Alaska 290
m Indiana 233 Idaho 38
Michigan 30 Oregon 599
m Minnesota 339 Washington 4,336
: Ohio 441
Wisconsin 772
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Total Number of Stations: 17,348

Puerto Rico

Hawaii

Alaska

Figure 2-1. NSI Sediment Sampling Stations Evaluated.
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Figure 2-3. NSI Toxicity Test Sampling Stations Evaluated.
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NSI Data Evaluation Approach

The methodology developed for this report for classifying sampling stations according to the probability
of adverse effects on aquatic life and/or human health from sediment contamination relies on
measurements of sediment chemistry (surficial), sediment toxicity, and contaminant residue in tissue. The
approach used to evaluate the NSI data focuses on the protection of benthic organisms from exposure to
contaminated sediments and the protection of humans from the consumption of fish that bioaccumulate
contaminants from sediment. Table 2-2 presents the classification scheme used in the evaluation of the
NSI data. Each component, or evaluation benchmark, of the classification scheme is numbered on Table
2-2. Each evaluation benchmark is discussed under a section heading cross-referenced to these numbers.

EPA analyzed the NSI data by evaluating each benchmark in Table 2-2 measurement by measurement
and sampling station by sampling station. Each sampling station was associated with a “probability of
adverse effects” by combining benchmarks as shown in Table 2-2. Because each individual measurement
was considered independently except for divalent metals, PCBs, and DDT, whose concentrations were
summed, and PAHs, whose effect was analyzed as a mixture, a single observation of elevated
concentration could place a sampling station in Tier 1 (associated with probable adverse effects). Any
sampling station not meeting the requirements to be classified as Tier 1 or Tier 2 was classified as Tier 3.
Sampling stations classified as Tier 3 include those for which substantial data were available without
evidence of adverse effects, as well as sampling stations for which limited data were available to
determine the potential for adverse effects.

Applying individual evaluation benchmarks to various measurements independently could lead to
different site classifications. If one evaluation benchmark indicated Tier 1 but another evaluation
benchmark indicated Tier 2 or Tier 3, a Tier 1 classification was assigned to the sampling station. For
example, if a sampling station was categorized as Tier 2 based on all sediment chemistry data but was
categorized as Tier 1 based on toxicity data, the station was placed in Tier 1. This principle also applies to
evaluating multiple contaminants within the same evaluation benchmark. For example, if the evaluation
of sediment chemistry data placed a sampling station in Tier 1 for PCBs and in Tier 2 for metals, the
station was placed in Tier 1.

Recognizing the imprecise nature of some assessment benchmarks used in this report, Tier 1 sampling
stations are distinguished from Tier 2 sampling stations based on the magnitude of a contaminant
concentration in sediment or based on the degree of corroboration among the different types of sediment
quality measures. This approach of integrating several assessment methods has been described as the
most desirable approach for assessing the effects of contaminants associated with sediments (Ingersoll et
al., 1996; 1997; 2001; Long and Morgan, 1990; MacDonald et al., 1996; USEPA, 2000d). In response to
uncertainty in both biological and chemical measures of sediment contamination, environmental
managers must balance Type I errors (false positives: sediment classified as posing a threat when in fact it
does not) with Type II errors (false negatives: sediment that poses a threat but was not classified as such).
In screening analyses, the environmentally protective approach is to minimize Type II errors, which
would 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 higher probability of
posing an adverse effect (e.g., sediment posing a threat) and a balance between Type I and Type 11 errors.
On the other hand, to retain a sufficient degree of environmental conservatism in screening, Tier 2
sampling stations are intended to have a very low number of false negatives in exchange for a large
number of false positives.
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Table 2-2. NSI Data Evaluation Approach.

Sampling Station
Classification

Tier 1:

Associated
Adverse Effects on
Aquatic Life or
Human Health Are
Probable

Tier 2:

Associated
Adverse Effects on
Aquatic Life or
Human Health Are
Possible

Tier 3:

No Indication of
Associated
Adverse Effects

Sediment Chemistry

Sediment chemistry value exceeds a
draft equilibrium partitioning sediment
guideline (ESG) derived from a final

or secondary acute value (FAV or
SAVY! 1

OR
[SEM]-[AVS] > 5 for the sum of
molar concentrations of Cd, Cu, Ni,

Data Used to Determine Classifications

Tissue Residue

Tissue levels of chemicals with a
log K> 5.5 in samples? that
exceed EPA’s human health
cancer risk of 10”, a noncancer
HQ of 1, or FDA’s
tolerance/action/guidance

levels 12

Toxicity
Toxicity demonstrated by one
solid-phase sediment test resulting
in (1) < 75% control-adjusted
survival, (2) freshwater
invertebrate (Hyalella azteca)
sublethal toxicity < 90% control-
adjusted length, or (3) freshwater
invertebrate (Hyalella azteca,

Pb, Zn, and % X Ag" 2 Chironomus tentans, and
OR Chironomus riparius) sublethal
. o o
Any sample with a predicted OR OR tox'1 city < 70% control-adjusted
. . . - weight 15
proportion toxic >0.5 using a logistic
regression model 3
OR OR
Sum PAH ESG toxicity unit (draft) Any sample meeting the
derived from FAV > 1** 4 benchmark described under Tier 2
OR for toxicity using at least two
Sediment chemistry TBP exceeds different species 16
EPA’s human health cancer risk of
10* or a noncancer hazard quotient
(HQ) of 10 5
OR Tissue levels of chemicals with a
For chemicals with log K, <5.5, log K, < 5.5 in samples® that
sediment chemistry TBP exceeds AND exceed EPA’s human health
EPA’s human health cancer risk of cancer risk of 107, a noncancer
10, a noncancer HQ of 1, or FDA’s HQ of 1, or FDA’s tolerance/
tolerance/action/guidance levels® 6 action/guidance levels 13
Sediment chemistry value exceeds a Tissue levels of chemicals witha |OR | Toxicity demonstrated by one

draft ESG derived from a final or

secondary chronic value (FCV or

SCV)* 7
OR

[SEM]-[AVS] = 0-5 for the sum of

molar concentrations of Cd, Cu, Ni,

Pb, Zn, and ¥4 X Ag’ 8

OR
Any sample with a predicted
proportion toxic> 0.25 but < 0.5 using

a logistic regression model 9
OR

Sum PAH ESG toxicity unit (draft)

derived from FCV > 1*¢ 10
OR

Sediment chemistry TBP exceeds
EPA’s human health cancer risk of
10, a noncancer HQ of 1, or FDA’s
tolerance/action/guidance levels® 11

log K., < 5.5 in samples® that
exceed EPA’s human health
cancer risk of 10”, a noncancer
HQ of 1, or FDA’s
tolerance/action/guidance

levels 14

OR

solid-phase sediment test resulting
in (1) <90% control-adjusted
survival (but > 75% control-
adjusted survival),

(2) freshwater invertebrate
(Hyalella azteca) sublethal
toxicity < 95% control-adjusted
length (but > 90% control-
adjusted length), or (3) freshwater
invertebrate (Hyalella azteca,
Chironomus tentans, and
Chironomus riparius) sublethal
toxicity < 90% control-adjusted
weight (but >70% control-
adjusted weight) 17

Any sampling station not categorized as Tier 1 or Tier 2. Available data (which may be very limited or quite extensive) do
not indicate a likelihood of adverse effects on aquatic life or human health.

* If total organic carbon (TOC) is not reported, a default value of 1% was assumed. For ESG-based methods if the reported TOC is less than 0.2%, a default TOC
value of 0.2% was used.

b
c

d

Metals: Cd = cadmium, Cu = copper, Ni = nickel, Pb = lead, Zn = zinc, Ag = silver.
Acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, fluoranthene, fluorene,
naphthalene, phenanthrene, and pyrene used to compute ESG toxicity unit.
Only those species considered benthic (demersal), nonmigratory (resident), and edible by human populations are included in human health assessments.
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For this NSI data evaluation EPA opted to analyze data collected since 1990 with valid latitude and
longitude coordinates. The numbered evaluation benchmarks used in the NSI data evaluation are briefly
described below. A detailed description of the evaluation benchmarks is presented in Appendix B.

As noted in the first footnote to Table 2-2, if the total organic carbon (TOC) was not reported, a default of
1 percent was assumed. This assumption was based on a literature review performed during the
preparation of the first report to Congress. TOC values can range from 0.1 percent in sandy sediments to

1 to 4 percent 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 freshwater
samples. Based on this review of TOC data, EPA selected a default TOC value of 1 percent for this
evaluation. Consistent with the screening-level application, this value should not lead to an underestimate
of the bioavailability of associated contaminants in most cases.

Sediment Chemistry Data

The sediment chemistry screening values used as the basis for comparison in this report are not regulatory
criteria, site-specific clean up standards, or remediation goals. Sediment chemistry screening 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 values based on theoretical calculations and
empirically/statistically derived values. The theoretically based values rely on the physical/chemical
properties of sediment and chemicals to predict the level of contamination that would not cause an
adverse effect on aquatic life. The empirically/statistically derived screening values are based on
estimating the probability that a sediment toxicity test would indicate significant toxicity using multiple
chemical measures of 37 target chemicals.

The theoretically based screening values used in the evaluation of NSI data include draft ESGs developed
by EPA. These include: dieldrin, endrin, 32 nonionic organics, mixtures of PAHs, and metal mixtures.
The use of each of these screening values in the evaluation of the NSI data is described below. Another
theoretically based evaluation benchmark, the theoretical bioaccumulation potential (the TBP, which was
used for human health assessments), is also described below.

Sediment Chemistry Values Exceed EPA Draft Equilibrium Partitioning Sediment Guideline (ESG) [1, 7]

EPA developed draft ESGs using the equilibrium partitioning (EqP) approach (described in detail in
Appendix B) for linking bioavailability to toxicity. This approach accounts for the varying biological
availability of chemicals in different sediments and permits the incorporation of the relevant biological
effects concentration. The approach enables the derivation of a guideline that is causally linked to the
specific chemical, is applicable across sediments, and is protective of benthic organisms. The EqP theory
asserts that a nonionic chemical in sediment partitions between sediment organic carbon, interstitial (pore)
water, and benthic organisms. At equilibrium, if the concentration in any one phase is known, the
concentration in the others can be predicted. EPA has developed different draft ESGs based on final or
secondary acute or chronic values to reflect the differing degrees of data availability and uncertainty.
These draft ESGs are expressed as a concentration of a chemical in sediment and are derived to protect
aquatic benthic organisms from direct toxicity due to that chemical (or chemicals in the case of metals
mixtures and PAH mixtures). The draft ESG for nonionic organics applies only to sediments that have at
least 0.2 percent organic carbon. For samples with TOC less than 0.2 percent, a default TOC value of 0.2
percent was used.
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Comparison of AVS to SEM Molar Concentrations [2, 8]

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 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 contaminant concentration in the
sediment interstitial water (Adams et al., 1985; Di Toro et al., 1990). AVS is one of the major chemical
components that control the activities and availability of metals in interstitial waters of anoxic (lacking
oxygen) sediments (Meyer et al., 1994).

A large reservoir of sulfide exists as iron sulfide in anoxic sediment. Sulfide reacts with several divalent
transition metal cations (cadmium, copper, mercury, nickel, lead, and zinc) and predominantly
monovalent silver to form highly insoluble compounds that are not bioavailable (Allen et al., 1993,
Ankley et al., 1991, Berry et al., 1999, Carlson et al. 1991). It follows in theory, and with verification
(D1 Toro et al., 1990), that divalent transition metals do not begin to cause toxicity in anoxic sediment
until the reservoir of sulfide is used up (i.e., the molar concentration of metals exceeds the molar
concentration of sulfide), typically at relatively high dry-weight metal concentrations. This observation
has led to a laboratory measurement technique for calculating the difference between simultaneously
extracted metal (SEM) concentration and acid-volatile sulfide (AVS) concentration from field samples to
determine potential toxicity (Ankley et al., 1991, Carlson et al. 1991).

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 ([SEM]) for six metals: cadmium, copper, nickel,
lead, zinc, and silver. Molar concentrations of cadmium, copper, nickel, lead, and zinc are comparable
with AVS on a one-to-one basis. Because silver exists predominantly as a monovalent metal, half the
molar concentration of silver is compared with the molar AVS concentration. Mercury was excluded from
AVS comparison because other important factors play a major role in determining the bioaccumulation
potential of mercury in sediment. Specifically, under certain conditions mercury binds to an organic
methyl group and is readily taken up by living organisms.

Sediment with measured [SEM] in excess of [AVS] does not necessarily exhibit toxicity. This is because
other binding phases can tie up metals. However, research indicates that sediment with [AVS] in excess
of [SEM] will not be toxic from metals, and the greater the [SEM]-[AVS] difference, the greater the
likelihood of toxicity from metals. Analysis of toxicity data for freshwater and saltwater sediment
amphipods (crustaceans) from EPA's Environmental Research Laboratory in Narragansett, Rhode Island,
revealed that 80 to 90 percent of the sediments were toxic at [SEM]-[AVS] > 5 (Hansen, 1995; see also
Hansen et al., 1996a; 1996b). Thus, EPA selected [SEM]-[AVS] =5 as the demarcation line between
Tier 1 and Tier 2. For the purpose of this evaluation, where [SEM]-[AVS] was greater than 5, the
sampling station was classified as Tier 1. If [SEM]-[AVS] was between zero and 5, the sampling station
was classified as Tier 2. If [SEM]-[AVS] was less than zero, or if AVS or the six AVS metals were not
measured at the sampling station, the sampling station was classified as Tier 3 unless otherwise classified
by another benchmark.

There are several important factors to consider in interpreting the [SEM]-[AVS] difference. First, all
toxic SEMs present in amounts that contribute significantly to the [SEM] sum should be measured.
Because mercury presents special problems, however, it is not included in the current SEM analysis.
Second, if the AVS content of sediment is low, as in fully oxidized sediments, the metal-binding capacity
of the sediment decreases and the method will not work (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
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an appropriate carbon source occur under low-oxygen conditions for the sulfate-reducing bacteria.
Finally, AVS can vary when sediments are oxygenated 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
(Howard and Evans, 1993).

Selection of an [SEM]-[AVS] difference sufficiently high to place a sediment in the Tier 1 classification
requires careful consideration because the relationship between organism response and the [SEM]-[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 [SEM]-[AVS] versus the percentage of sediments with
a higher [SEM]-[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 [SEM]-[AVS] = 5. The running average mortality at this level was between 44
percent and 62 percent (Hansen, 1995). EPA’s Office of Science and Technology selected [SEM]-[AVS]
=5 as the demarcation line between the higher (Tier 1) and intermediate (Tier 2) probability categories.

Predicted Proportion Toxic from Sediment Chemistry [3, 9]

The empirically based or correlative screening values used in the previous NSI data evaluation rely on
paired field and laboratory data to relate the incidence of observed biological effects to the dry-weight
sediment contamination of a specific chemical. The empirically based or correlative screening values
include the effects range-median (ERM)/effects range-low (ERL) values, probable effects level
(PEL)/threshold effects level (TEL), and apparent effects thresholds (AET) (Barrick et al., 1988; Long et
al., 1995; MacDonald et al., 1996). Field et al. (1999, 2002) developed an alternative method for the
evaluation of sediment quality by using a logistic regression model in place of the correlative screening
values used in the first National Sediment Quality Survey. The logistic regression model approach is
similar to other empirical approaches for deriving screening values because it relies on matching field-
collected sediment chemistry and biological effects (e.g., sediment toxicity or benthic invertebrate
community structure effects) data. In contrast to other approaches to developing screening values,
however, the logistic regression model approach does not develop threshold values. Instead, it develops
models that enable users to select the probability of observing sediment toxicity that corresponds to their
specific objectives or to estimate the probability of observing effects at a particular chemical
concentration (Field et al., 1999). This model (described in detail in Appendix B) is used to predict the
probability of observing specific toxic effects—for selected toxicity test endpoints and a wide range of
concentrations—for individual contaminants. Using the sediment chemistry and toxicity data, individual
logistic models were developed for each contaminant, and the slope and intercept values were calculated
using the maximum likelihood approach.

A total of 37 chemicals are included in the logistic regression model. For the NSI data evaluation, the
probability of toxic effects was computed for the various contaminants from individual logistic regression
equations. The predicted proportion toxic was then estimated from the maximum probability of toxic
effects using a regression equation. When the maximum predicted proportion toxic for any sample was >
0.5, the sampling station was assigned to Tier 1. When the maximum predicted proportion toxic was >
0.25 but < 0.5, the sampling station was classified as Tier 2. Other sampling stations with available data
for chemicals included in the logistic regression model were classified as Tier 3 unless otherwise
classified by another benchmark.

PAH-Based ESG Toxicity Unit Exceed Screening Benchmark [4, 10]

The XESGTU,,,; model estimates the probability of toxic effects in PAH-contaminated sediments by
using equilibrium partitioning, the quantitative structure-activity relationship (QSAR) technique, toxic
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unit, additivity, and concentration-response models (Swartz, 1999; Swartz et al.,1995). The model
predicts the probability of acute sediment toxicity to marine and estuarine amphipods caused by a
combination of PAHs. EPA’s draft ESG recommends an approach for summing the toxicological
contributions of mixtures of 34 PAHs in sediments to determine whether their concentrations in any
specific sediment are acceptable for the protection of benthic organisms from PAH toxicity. Because
PAHs occur in sediments as mixtures and their toxicities in water, tissues, and sediments are additive or
nearly additive (Di Toro and McGrath, 2000), considering their toxicities on an individual basis would
result in guidelines that are underprotective. For this reason, EPA recommends the use of combined
toxicological contributions of the PAH mixture in evaluating sediments.

Because many monitoring and assessment efforts measure a smaller group of PAHs, such as 13 or 23
PAHs, EPA has recommended adjustment factors to relate these smaller subsets to the expected
concentration of the 34 PAHs. The total Equilibrium Partitioning Sediment Guideline Toxic Unit
(ZESGTU)—Dbased on the final chronic or acute value—is used to classify sampling stations as Tier 1 or
Tier 2 (described in detail in Appendix B). For use in determining the uncertainty in predicting
ZESGTUgcy 1or from data sets consisting of 13 or 23 PAHs, EPA combined two data sources that
measured the 34 PAHs and treated the data set as a single data source. In doing this data combination, a
data set containing both alkylated and parent PAHs with their correlative relationships was generated.
Based on the relative distributions of the ZESGT Uy o7 to the EESGTU .y, for the 13 PAHs, EPA
recommended various multiplication factors to achieve various degree-of-confidence levels. Table B-3 in
Appendix B presents the relative distribution of the multiplication factors. The NSI data evaluation
targeted 13 PAHs and used the EPA-recommended multiplication factor of 2.75 to obtain an accurate
estimation of the ZESGTU. However, for this data evaluation not all 13 PAHs were required to be
measured at any one station for that station to be considered for tier classification. Based on the
sensitivity analysis done, it was observed that this variation from the EPA-recommended practice did not
dramatically change the total number of station tier classifications. This analysis applies only to sediments
that have at least 0.2 percent organic carbon. For samples with TOC less than 0.2 percent, a default TOC
value of 0.2 percent was used.

Sediment Chemistry TBPs Exceed Screening Benchmark [5, 6, 11]

This evaluation benchmark addresses the risk to human consumers of organisms exposed to sediment
contaminants. The TBP is an estimate of the equilibrium concentration (concentration that does not
change with time) of a contaminant 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 content 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). In practice, field-measured BSAFs can
vary by an order of magnitude or greater for individual compounds depending on location and time of
measurement. For this evaluation, EPA selected BSAFs that represent 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 sediment chemistry TBP value exceeded a screening value
derived using the EPA risk assessment methodology (i.e., EPA’s human health cancer risk of 10 or a
noncancer hazard quotient [HQ] of 10, evaluation benchmark 5), the station was classified as Tier 1.

Individual chemical risk levels were considered separately; that is, risks from multiple contaminants were
not added.

For chemicals with an octanol-water partition coefficient (log K ) < 5.5, the following benchmark was
used: if a calculated sediment chemistry TBP value exceeded a screening value derived using EPA’s
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human health cancer risk of 10~ or a noncancer HQ of 1 or the Food and Drug Administration’s (FDA’s)
tolerance/action/guidance level (evaluation benchmark 6, Table 2-2), and if a corresponding tissue residue
level for the same chemical in demersal, resident, and edible species at the same sampling station also
exceeded one of those screening values (evaluation benchmark 13, Table 2-2), the station was classified
as Tier 1. Individual chemical risk levels were considered separately; that is, risks from multiple
contaminants were not added. In this assessment, 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
demersal, resident, and edible species at the same sampling station did not exceed standard EPA risk
levels or FDA levels or there were no corresponding tissue data, the sampling station was classified as
Tier 2.

In addition, for all chemicals irrespective of their octanol-water partition coefficient, when the sediment
chemistry TBP exceeded stated EPA risks or FDA guidelines shown in Table 2-2, the sample stations
were classified as Tier 2. If neither TBP values nor fish tissue residue levels exceeded the appropriate
EPA risk levels given in Table 2-2 or the FDA guidance 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 otherwise
classified by another benchmark. 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.

Tissue Residue Data [12, 13, 14]

Tissue residue data were used to assess potential adverse effects on humans from the consumption of fish
that become contaminated through exposure to contaminated sediment. Only those species considered
benthic, nonmigratory (resident), and edible by human populations were included in human health
assessments. A list of species included in the NSI database and their characteristics is presented in
Appendix D.

For chemicals with a log K, > 5.5, if the tissue residue levels in demersal, resident, and edible species

exceeded EPA risk screening values (i.e., EPA’s human health cancer risk of 10 or a noncancer HQ of 1
or the FDA tolerance/action/guidance level), the station was classified as Tier 1.

For chemicals with a log K_, < 5.5, both a tissue residue level exceeding an FDA tolerance/action/gui-
dance level or stated EPA risk level and a sediment chemistry TBP value exceeding that risk/tolerance
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 corresponding TBP values were not exceeded at the same
station (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 otherwise classified by another benchmark.

Toxicity Data [15, 16, 17]

Toxicity data were used to classify sediment sampling stations based on short- or long-term sediment
toxicity tests. Nonmicrobial sediment toxicity tests based on survival and on variation in length or weight
were evaluated. For all of the endpoints (i.e., survival and variations in length or weight), the test results
were “adjusted” to compare against a control test for the same species (described in more detail in
Appendix B). Toxicity test results that lacked control data were excluded. EPA has standardized testing
protocols for marine and freshwater toxicity tests (USEPA, 1994a, 1994b, 2000d, 2001a).

For the NSI data evaluation, only solid-phase bulk sediment toxicity tests, with test durations of 7 or more
days, were considered. Calculated values of the percentage of species surviving were reported by
individual databases. These percentages were based on values adjusted for a control sample. Sampling
stations with tests resulting in less than 75 percent of the control-adjusted survival in marine and
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freshwater species were classified as Tier 1. Similar to the results reported for percent survival, calculated
values of the percentage variation in length and weight were reported in various studies. These percentage
values were also reported as adjusted for a control test. Sample stations with freshwater invertebrates
(Hyalella azteca) that indicated sublethal toxicity by lengths of less than 90 percent of the control-
adjusted length or with freshwater invertebrates (Hyalella azteca, Chironomus tentans, and Chironomus
riparius) that indicated sublethal toxicity by weights of less than 70 percent of the control-adjusted weight
were classified as Tier 1.

Stations were classified as Tier 2 based on benchmarks similar to those established for Tier 1
classification, but with lower threshold values. Toxicity tests resulting in less than 90 (but > 75) percent
of the control-adjusted survival for both marine and freshwater species were classified as Tier 2.
Sampling stations with freshwater invertebrates (Hyalella azteca) that indicated sublethal toxicity by
lengths of less than 95 (but > 90) percent of the control-adjusted length or with freshwater invertebrates
(Hyalella azteca, Chironomus tentans, and Chironomus riparius) that indicated sublethal toxicity by
weights of less than 90 (but > 70) percent of the control-adjusted weight were classified as Tier 2.

A station could be classified as Tier 2 by the benchmark stated above based on more than one test species.
When a station was classified as Tier 2 based on results from two or more species from that station, the
tier classification for that station was upgraded to Tier 1.

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 sediment chemistry TBP values and fish tissue values to
EPA wildlife criteria developed for the Great Lakes. Wildlife criteria based solely on fish tissue
concentrations were derived for EPA wildlife criteria for water that are presented in the Great Lakes
Water Quality Initiative Criteria Documents for the Protection of Wildlife: DDT; Mercury; 2,3,7,8-
TCDD; PCBs (USEPA, 1995). EPA has developed wildlife criteria for four contaminants: DDT, mercury,
2,3,7,8-TCDD, and PCBs. The method used to adjust these wildlife criteria for the NSI data evaluation is
explained in detail in Appendix B. This sediment evaluation was comparable to the sediment chemistry
TBP (evaluation benchmarks 6 and 11, Table 2-2), and the tissue evaluation was comparable to
benchmarks 13 and 14 from Table 2-2. This evaluation was not included with the results of evaluating the
NSI data based on the other parameters. The results of evaluating NSI data based on wildlife criteria are
presented in Chapter 3.

Strengths of the NSI Data Evaluation

For this report to Congress, EPA has compiled the most extensive database of sediment quality
information currently available in electronic format. To evaluate these data, EPA has applied sediment
assessment techniques in a multiple-lines-of-evidence approach recommended by national experts
(Ingersoll et al., 1997). The evaluation approach uses sediment chemistry, tissue residue, and toxicity test
results. The assessment tools employed in this analysis have been applied in North America, and results
have been published in peer-reviewed literature. Toxicity test data were generated using established
standard methods employed by multiple federal and state agencies. The evaluation approach addresses
potential impacts on both aquatic life and human health.

Because of the complex 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 effects from exposure to all contaminants. Uncertainties and limitations are associated
with all sediment quality evaluation techniques. To compensate for those limitations, EPA has used
multiple assessment techniques, singularly and in combination, to evaluate the NSI data. For example,
EPA applied draft equilibrium partitioning sediment guidelines for nonionic organics, for mixtures of
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PAHs, and for five divalent metals. The screening values used to evaluate the NSI data include both
theoretical and correlative approaches. The theoretical approaches (e.g., draft ESGs and TBPs) are based
on the best information available concerning how chemicals react in sediments and organisms and how
organisms react to those chemicals. The correlative approach (i.e., logistic model) is based on matched
sediment and biological data gathered in the field and in the laboratory, and it provides substantial
evidence of actual biological effects from sediments.

As stated above, the NSI data evaluation approach includes assessments of potential impacts on 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 endpoint 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 toxicity data. If high levels of PCBs, dioxins, or other highly hydrophobic organic chemicals
(commonly found associated 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 station to be categorized
as Tier 1 based on toxicity data alone, only solid-phase tests were analyzed.

Limitations of the NSI Data Evaluation

This methodology was designed for the purpose of a screening-level assessment of sediment quality. A
considerable 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 waterbodies with multiple Tier 1 sampling stations located in APCs).
Two types of limitations are associated with the evaluation of the NSI data: limitations associated with the
data themselves and limitations associated with the evaluation of the data.

Limitations of Data

The NSI database is a multimedia compilation of environmental monitoring data obtained from a variety
of sources, including state and federal government offices. Inherent in the diversity of data sources are
contrasting monitoring objectives and scopes, which make comparison of data from different data sets
difficult. For example, several of the databases contain only information from marine environments or
other geographically focused areas. The potential for inconsistencies in measured concentrations 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 data evaluation. The surficial
samples analyzed in this report vary because many different sampling devices are used depending on
water depth and study objectives. For this report, samples were included when the reported lower depth
was no greater than 30 cm and the reported upper depth was less than 2 cm, not reported, or left blank. It
is important to note that it is relatively common for monitoring programs that focus on surficial sediment
samples to not report sample depth. Therefore, because unreported or blank sample depths are relatively
common, they were assumed to be surficial samples for this report. Although some monitoring programs
identified sampling and laboratory methods, this information is rarely provided with the data. In addition,
some data sets included in the NSI database were not peer-reviewed (e.g., some data sets from EPA’s
STORET). Furthermore, each monitoring program used unique sampling and analysis protocols. For
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example, PCBs are measured by nearly all of the monitoring programs but were analyzed and reported as
aroclor-specific data, congener-specific data, total PCBs, or a combination of these.

The only quality assurance/quality control (QA/QC) information required for data to be included in the
NSI database was information on the source of the data and the location of the sampling station.
Available information on several types of QA/QC procedures that can influence the quality of the data
and can be used to check the quality of data was included in the NSI database. None of this information
was required before a data set could be included in the NSI database; however, most of the component
databases are maintained under known and documented QA/QC procedures. For the 19,470 stations
evaluated in this report, approximately 97 percent contain sufficient information in the database to allow
the user to contact an agency, contact an investigator, or reference a report to obtain the available QA/QC
information. Data reporting was also inconsistent among the different data sources. Inconsistencies that
required resolution 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 presence of control
data. Depending on the data source, control data were not regularly reported with the data and could not
be evaluated.

Some of the data analyzed for the tier classification were compiled as early as 1990 (the analyzed data
cover the period of 1990 through 1999) and might not reflect current conditions. Emissions of many
prominent contaminants have declined, and significant remediation efforts have taken place at many
locations since that time. In addition, dredging, burial, natural attenuation, and scouring might have
removed contaminants from some sampling stations. Unlike the first report to Congress, this analysis did
include a temporal assessment of trends in sediment contaminant levels using data from 1980 through
1999, but it cannot be considered comprehensive and is applicable to only the locations where data were
collected and evaluated.

Some data parameters are consistently absent throughout the NSI database. (Refer to Appendix A, Table
A-1, for information on the number of NSI database stations at which the various types of data were
compiled.) For example, only 10 percent of the stations with sediment chemistry data had associated
toxicity data. For many of the fish tissue data included in the NSI database, the species was not identified.
Also, assessment parameters other than sediment chemistry, sediment toxicity, and tissue residue, such as
benthic macroinvertebrate data, are not included in the NSI database and therefore not used in the
evaluation process.

The unavailability of matching sediment chemistry and tissue residue data also limited the NSI data
evaluation. In several instances, fish tissue was not analyzed for the same suite of chemicals for which
sediment was analyzed. Spatial and temporal limitations of the data might have directly affected the
analysis. Although some sediment chemistry and tissue residue data might have been 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 location. This very likely resulted in an underestimate of
the number of Tier 1 stations identified based on potential human health effects. The underestimate
occurred because exceedances of sediment TBP and tissue levels (EPA risk levels and FDA levels) at the
same sampling station were required to categorize stations as Tier 1.

The lack of consistency among the different monitoring programs in the suite of chemicals analyzed also
represents an area of uncertainty in the NSI data evaluation. Certain databases contain primarily
information describing concentrations of metals or pesticides, whereas others contain data describing
concentrations of nearly every chemical monitored in all of the NSI data. Many monitoring programs use
a screening list of chemicals that are indicator pollutants for contaminated sediments. Thus, many of the
specific chemicals assessed in the NSI data evaluation are not measured in every sample. In addition,
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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 database and thus was not considered when the significance of elevated
contaminant concentrations in sediment was evaluated. Background conditions can be important in an
evaluation of potential adverse effects on aquatic life because ecosystems can adapt to their ambient
environmental conditions. For example, high metals concentrations in samples collected from a particular
station might occur from natural geological conditions at that location, as opposed to the effects of human
activities.

Most data are associated with a specific location and collected from a nonrandom sampling design. As a
result, establishing the extent of contaminated sediment within a waterbody is not possible because it is
difficult to assess the extent to which a monitoring station represents a larger segment of a waterbody.
Furthermore, the NSI data are geographically biased. More than two-thirds of all stations evaluated in the
NSI database are in Washington, Virginia, California, Illinois, Florida, Wisconsin, New York, Texas,
Oregon, and South Carolina. Each of these states has more than 500 monitoring stations. Finally, EPA did
not verify reported latitude and longitude coordinates for each sampling station.

During the development of this report, several reviewers highlighted locations or areas throughout the
United States with contaminated sediments either not included in this report or having limited coverage.
These comments indicated that sediment chemistry, sediment toxicity, or tissue residue data (or various
combinations of these) are available from the following areas: tribal waters (e.g., Minnesota Chippewa
Tribal lakes); the Chesapeake Bay; the State of Ohio; the New England area; the State of New York (e.g.,
data from the New York State Department of Environmental Conservation); the State of Washington
(e.g., Commencement Bay, Spokane River); the Great Lakes and its tributaries; and Superfund sites
where risks to human health and/or the environment have been linked to sediment contamination. As
pointed out in the Executive Summary and Chapter 5 of this report, EPA will make a concerted effort to
accumulate more data for inclusion in the NSI database and for future National Sediment Quality Survey
reports to Congress. The areas and locations mentioned above will be a high priority in this effort.

Limitations of Approach
Sediment Chemistry Screening Values

As indicated in the first National Sediment Quality Survey, there are gaps in our knowledge concerning
sediment-pollutant chemistry (especially bioavailability) and direct and indirect effects on aquatic biota.
The certainty with which sediment toxicity can be predicted for each chemical using the various screening
values included in the NSI database evaluation can vary significantly based on the quality of the available
data and the appropriateness of exposure assumptions. For example, the draft ESGs are based on either
secondary or final acute/chronic values, which are not equivalent even though they were developed using
the same methodology. Draft ESGs based on final acute/chronic values are based on the highest-quality
toxicity and octanol/water partitioning data, which have been reviewed extensively. Some draft ESGs
based on secondary acute/chronic values have also undergone extensive field validation experiments.
However, other draft ESGs based on secondary acute/chronic values are in many cases based on a less
extensive toxicity data set and have not been field-validated.

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 molar concentration of metals (i.e., simultaneously
extracted metals [SEM]). To apply the [SEM]-[AVS] difference to indicate positive bioavailability and
toxicity for this evaluation, EPA used laboratory data that indicated the probability of observed toxic
effects at various [SEM]-[AVS] levels. Based on these data, EPA defined the Tierl level as
[SEM]-[AVS] > 5. Thus, this use of [SEM]-[AVS] represents a hybrid of a theoretical approach and a
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correlative approach. Currently, the [SEM]-[AVS] difference is most usually considered an indicator of
when metals are not bioavailable; however, some data have shown that metal bioaccumulation occurs
where the [SEM]-[AVS] predicts no adverse effect. Differences in dietary exposures, applicability of
equilibrium partitioning theory to sediment assessments, and varying redox conditions in some anaerobic
sediment might limit the general applicability of the [SEM]-[AVS] method. Despite these limitations,
EPA’s Science Advisory Board (SAB, 2000) indicated that the [SEM]-[AVS] method “may be
particularly useful to prioritize sites requiring attention ....”

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

Biological effects correlation approaches like the logistic model are based on the evaluation of paired
field and laboratory data that relate adverse biological effects to the dry-weight chemical concentrations
for a particular sample. Although the predicted proportion toxic is computed from individual or multiple
chemical observations, it does not demonstrate 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. For this reason, these correlative approaches are better at predicting toxicity in complex
mixtures of contaminants in sediment.

Another concern is the application of screening values based on freshwater data (draft ESGs) and those
based on saltwater data alone (logistic model) to evaluate sediment contaminant concentrations in the NSI
database from both freshwater and saltwater habitats. Freshwater organisms exhibit tolerance to toxic
chemicals similar to that of saltwater species when tested in their respective water; however, estuarine
organisms might be less tolerant if osmotically stressed (Rand, 1995). Thus, the relative toxicity of a
chemical in water (i.e., its chronic threshold water concentration) is usually within an order of magnitude
for saltwater and freshwater species, although final chronic values and proposed sediment quality
guidelines values are usually slightly higher for saltwater species. Ingersoll et al. (1996) reported similar
reliability and predictive ability between marine and freshwater guidelines. The logistic model, as used in
this assessment, was developed using only saltwater acute toxicity data.

Additional false positive and false negative classifications of risk to aquatic life from sediment
contaminant concentrations could occur when a default value for organic carbon content is applied. Draft
ESGs are based on the partitioning of a chemical between organic carbon in the sediment and pore water
at equilibrium. Because the organic carbon content of most sediment samples in the NSI database is
unknown, these sediment samples were assumed to contain 1 percent organic carbon. TOC can range
from 0.1 percent in sandy sediments to 1 to 4 percent in silty harbor sediments and from 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 sediments. Ingersoll et al. (1996) reported a mean TOC concentration of 2.7 percent
with a 95 percent confidence interval of only 0.65 percent. In contrast, the concentration ranges of
contaminants normalized to dry-weight typically varied by several orders of magnitude. Therefore,
normalizing dry-weight concentrations to a relatively narrow range of TOC concentrations had little
influence on relative concentrations of contaminants among samples.

Uncertainty associated with the equilibrium partitioning theory for developing draft ESGs includes the
degree to which the equilibrium partitioning model explains the available sediment toxicity data (USEPA,
1993b). An analysis of variance using freshwater and saltwater organisms in water-only and sediment
toxicity tests (using different sediments) was conducted to support development of the draft sediment
guidelines. 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 ESGs. The
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methodology used to derive the octanol/water partitioning coefficient and the final chronic value can also
influence the degree of uncertainty associated with the draft ESGs. Differences in the response of water
column and benthic organisms, as well as limitations in understanding the relationship of individual and
population effects to community-level effects, have also been noted (Mancini and Plummer, 1994).
Site-specific modifications to screening values derived using the equilibrium partitioning model have
been recommended to better address chemical bioavailability and species sensitivities (USEPA, 1993a).
Sediment chemistry screening values developed using the equilibrium partitioning approach also do not
address possible synergistic, antagonistic, or additive (except in the case of PAHs and metals, as outlined
in this chapter and Appendix B) effects of contaminants.

Toxicity Data

Differences in toxicity responses between tube building and burrowing sediment species have been
reported in the literature and stem from differences in the degree and type of exposure to sediment
contaminants. However, the overall assessment should not be affected to a significant extent by this
issue. Both types of species are prevalent members of the benthos across the country and therefore,
responses of both types of species is useful in the assessment process. Also, in many of the test methods
used, tube-building organisms will be exposed to sediment for some length of time prior to being able to
make a tube and so, at least initially, would be exposed to sediment pollutants in a similar manner as
burrowing species.

Fish Tissue Screening Values

The approach used to assess sediment chemistry data for the potential for contaminants 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 includes a field-measured biota-
sediment accumulation factor (BSAF) to account for the relative affinity of a chemical for fish tissue
lipids or sediment organic carbon. The BSAF will account for the effects of metabolism and
biomagnification in the organism in which it is measured. The primary limitation of this approach is the
applicability of a field-measured BSAF, or a percentile from a distribution of values, at a variety of sites
where the conditions might vary.

TBPs were assumed to be equivalent to levels detectable in fish tissue. However, this approach might not
completely account for biomagnification in the food chain, 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 carbon in different sediments
are similar and have distributional properties similar to the field-measured values used to derive BSAFs.
Other simplifying assumptions are that chemicals are similarly exchanged between the sediments and
tissues and that compounds behave alike, independent of site conditions other than organic carbon
content. 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 (rate-controlled) process that can vary and be slowed,
for example, by awkward passage of a bulky molecule across biological membranes. Also, a BSAF of 1
(thermodynamic equilibrium) was used to estimate TBPs for many nonpolar organics. This BSAF might
overestimate or underestimate the bioaccumulative potential for certain nonpolar organic chemicals
because it is assumed that there is no metabolic degradation or biotransformation of such chemicals.
Site-specific organic carbon content was often not available, leading to additional uncertainty concerning
the comparability of BSAFs among different locations. Because of these factors, actual residue levels in
fish resulting from direct and/or indirect exposure to contaminated sediment might be higher or lower.
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There is therefore uncertainty regarding sampling station classifications based on comparison of estimated
TBPs with FDA tolerance/action/guideline levels and EPA risk levels.

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

Uncertainties and numerous assumptions are associated with exposure parameters and toxicity data used
to derive EPA risk levels and FDA tolerance/action/guideline levels. For example, the derivation of EPA
risk levels is based on the assumption that an individual consumes on average 17.5 g/day of fish caught
from the same site over a 70-year period. A consumption rate of 17.5 g/d is chosen to be protective of the
majority (i.e., 90 percent) of the population (Appendix B). Also, the TBP calculation for human health
assessments assumes that fish tissue contains 3 percent lipid. This value is intended to be indicative of the
fillet rather than the whole body. Generally, the exposure assumptions and safety factors incorporated into
toxicity assessments might overestimate risks to the general population associated with sediment
contamination but might underestimate risks to populations of subsistence or recreational fishers and
sensitive subpopulations (such as pregnant women, nursing mothers, and children).

Whereas the Tier 1, Tier 2, and Tier 3 evaluation benchmarks established in this report represent recent
advances in sediment assessment techniques, they have been used in this report as a way to relate all the
different data from all the different sources around the United States using common benchmarks.
Therefore, the Tier 1, Tier 2, and Tier 3 benchmarks and interpretations used in this report are not
currently appropriate for use in EPA regulatory programs that have developed their own frameworks and
regulatory requirements, and they were not designed to be a substitute for the various EPA program
regulatory frameworks and/or authorities. EPA’s regulatory programs (e.g., Office of Solid Waste and
Emergency Response - OSWER) have developed their own scientifically defensible approaches to
sediment evaluation based on the needs of their programs, and they will continue to use their current
regulatory frameworks when making decisions regarding potentially contaminated sediments (e.g.,
sediment remediation, sediment disposal).

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 determine which of the stations in Tier 1
should be considered the “most” contaminated. Such a numerical ranking system was intentionally not
used for the NSI data evaluation because EPA does not believe that such ranking is appropriate for a
screening-level analysis such as this, given the level of uncertainty.
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CHAPTER 3
FINDINGS

This chapter presents the results of the evaluation of NSI data based on the methodology described in
Chapter 2. This discussion includes a summary of the results of national and regional assessments. These
summary results do not include locations with contaminated sediment not identified in the NSI database.
The data compiled for the NSI database are primarily from large national electronic databases. Data from
many sampling and testing studies have not yet been incorporated into the NSI database. Thus, there are
additional locations with sediment contamination that do not appear in this summary. The final section in
this chapter evaluates the data used for the first report to Congress by applying the methodology
presented in Chapter 2.

National Assessment

EPA evaluated a total of 19,398 sampling stations nationwide as part of the NSI data evaluation

(Figure 3-1). The evaluation included data collected from 1990 through 1999. Of the sampling stations
evaluated, 8,348 stations (43.0 percent) were classified as Tier 1; 5,846 (30.1 percent) were classified as
Tier 2; and 5,204 (26.8 percent) were classified as Tier 3 (Table 3-1). As described in more detail later,
the frequency of Tier 1 classification based on the evaluation of all NSI data is greater than that based on
the evaluation of data sets derived from purely random sampling. This suggests that state monitoring
programs (accounting for most of the NSI data) have tended to focus their sampling efforts on areas
where contamination is known or suspected to occur.

The national distribution of Tier 1 sampling stations is illustrated in Figure 3-2. The distribution of Tier 1
stations depicted in Figure 3-2 must be viewed in the context 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 Tier 2 sampling stations in some regions is to some degree a function of
a larger set of available data. Although there are 10 times more Tier 1 stations in EPA Region 4
(southeastern states) than in EPA Region 8 (mountain states), there are also 8 times more Tier 3 stations
in Region 4.

The NSI database sampling stations were located in 5,695 individual river reaches (Table 3-1) throughout
the contiguous United States (based on EPA’s River Reach File 1; Bondelid and Hanson, 1990). In the
contiguous United States, there are 64,591 reaches representing approximately 1 million miles of coastal
shorelines, lake shorelines, or lengths of stream between two major tributaries. NSI database sampling
stations were located in about 8.8 percent of all river reaches identified in the contiguous United States
(Tables 3-1 and 3-2). Approximately 77.6 percent of the 5,695 reaches had one or two NSI database
sampling stations. Less than 4 percent of the 5,695 reaches had more than 10 NSI database sampling
stations. About 3.6 percent of all river reaches in the United States contained at least one sampling station
classified as Tier 1 (Figure 3-3). Around 2.9 percent of all reaches contained at least one sampling station
classified as Tier 2 (but none as Tier 1). In 2.3 percent of reaches in the contiguous United States, all of
the sampling stations were classified as Tier 3. EPA has not cataloged river reaches (at the River Reach 1
level) outside the contiguous United States (e.g., Alaska, Hawaii, Puerto Rico), and some sampling
stations in the ocean were not linked to a specific reach. Sampling bias toward areas of known or
suspected contamination might be more pronounced in some regions than in others and could be related
to the relative extent of sampling.
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h Table 3-1. National Assessment: Evaluation Results for Sampling Stations and River Reaches by EPA Region.
z Station Evaluation River Reach Evaluation®
Percent
m Percent of
No. of of All Reaches
E Tier 1 Tier 2 Tier 3 Stations | Reaches | Reaches No. of Reaches | With at
Not With at | With at Reaches in Region Least
: Identified | Least Least | Reaches | With at Total With at One
Total Number of by an One One With All | Least One | Reaches | Least One | Tier 1 or
Stations RF1 Station | Station | Stations | Station in Station Tier 2
EPA Region (State) Evaluated No. %" No. | %" | No. %" Reach® |in Tier 1 |in Tier 2¢ | in Tier 3 | Evaluated | Region | Evaluated | Station
Region 1 275 182 66.2 64 | 233 29 10.5 28 97 23 5 125 2,764 4.5 43
(CT, ME, MA, NH, RI, VT)
Region 2 1,255 1 901 71.81 228 | 18.2| 126 10.0 13 217 102 45 364 1,845 19.7 17.3
a (NJ, NY, PR)
Region 3 2,428 | 714 29.41 809 | 33.3| 905 373 103 385 313 301 999 3,388 29.5 20.6
m (DE, DC,MD, PA, VA, WV)
Region 4 2,874 841 2931 1,022 | 35.6|1,011 35.2 15 444 461 301 1,206 | 10,078 12.0 9.0
(AL, FL, GA, KY, MS, NC,
SC, TN)
H Region 5 3,185 | 1,146 | 36.0] 1,095 | 34.4| 944 29.6 — 532 401 316 1,249 6,151 20.3 15.2
(IL, IN, MI, MN, OH, WI)
: Region 6 1,489 | 425 2851 392 | 263| 672 45.1 — 226 222 289 737 7,577 9.7 5.9
(AR, LA, NM, OK, TX)
u Region 7 583 134 23.01 239 | 41.0| 210 36.0 — 94 161 136 391 4,915 8.0 5.2
(IA, KS, MO, NE)
u Region 8 294 79 26.9 95 | 323| 120 40.8 — 59 77 68 204 | 13,860 1.5 1.0
(CO, MT, ND, SD, UT, WY)
q Region 9 1,752 | 1,040 | 59.4| 429 | 24.5]| 283 16.2 18 156 63 40 259 4,686 5.5 4.7
(AZ, CA, HI, NV)
Region 10 5,263 | 2,886 | 54.8] 1,473 | 28.0| 904 17.2 290 177 121 49 347 | 10,462 33 2.8
(AK, ID, OR, WA)
n Totalfor United States® 19,398 | 8,348 | 43.0f 5,846 | 30.1]5,204 26.8 467 2,298 1,891 1,506 5,695 | 64,591 8.8 6.5
* River reaches based on EPA River Reach File (RF1). RF1 does not include data outside the contiguous United States.
m " Percent of all NSI stations evaluated in the region.
¢Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.
4No stations in these reaches were included in Tier 1.
m ¢Because some reaches occur in more than one region, the total number of reaches in each category for the country might not equal the sum of reaches in the regions.
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Table 3-2. Regions 1-10: River Reach and Watershed Evaluation Summary.

River Reach Evaluation®

Watershed Evaluation

River
Reaches Watersheds
River With at With at
Reaches Least One River Watersheds | Least One
Total With at Tier 2 Reaches River With at Tier 2 Watersheds
Number of | Least One |Station and | With All Reaches Total Watersheds | Least One | Station and With all | Watersheds
River Tier 1 Zero Tier 1 Tier 3 With No Number of | Containing Tier 1 Zero Tier 1 Tier 3 With No

EPA Region (State) Reaches Station Stations Stations Data Watersheds APCs Station Stations Stations Data
Region 1 2,764 97 23 5 2,639 62 9 13 6 0 34
(CT, ME, MA, NH, RI, VT) (3.5%) (0.8%) (0.2%) (95.5%) (14.5%) (21.0%) (9.7%) (0.0%) (54.8%)
Region 2 1,845 217 102 45 1,481 71 17 35 3 3 13
(NJ, NY, PR) (11.8%) (5.5%) (2.4%) (80.3%) (23.9%) (49.3%) (4.2%) (4.2%) (18.3%)
Region 3 3,388 385 313 301 2,389 126 7 96 11 4 8
(DE, DC, MD, PA, VA, WV) (11.4%) (9.2%) (8.9%) (70.5%) (5.6%) (76.2%) (8.7%) (3.2%) (6.3%)
Region 4 10,078 444 461 301 8,872 307 13 142 57 25 70
(AL, FL, GA,KY, MS, NC, SC, TN) (4.4%) (4.6%) (3.0%) (88.0%) (4.2%) (46.3%) (18.6%) (8.1%) (22.8%)
Region 5 6,151 532 401 316 4,902 278 25 144 31 19 59
(IL, IN, MI, MN, OH, WI) (8.6%) (6.5%) (5.1%) (79.7%) (9.0%) (51.8%) (11.2%) (6.8%) (21.2%)
Region 6 7,577 226 222 289 6,840 402 4 117 69 44 168
(AR, LA, NM, OK, TX) (3.0%) (2.9%) (3.8%) (90.3%) (1.0%) (29.1%) (17.2%) (10.9%) (41.8%)
Region 7 4,915 94 161 136 4,524 238 1 60 72 29 76
(IA, KS, MO, NE) (1.9%) (3.3%) (2.8%) (92.0%) (0.4%) (25.2%) (30.3%) (12.2%) (31.9%)
Region 8 13,860 59 77 68 13,656 385 1 34 41 31 278
(CO, MT, ND, SD, UT, WY) (0.4%) (0.6%) (0.5%) (98.5%) (0.3%) (8.8%) (10.6%) (8.1%) (72.2%)
Region 9 4,686 156 63 40 4,427 288 19 41 19 15 194
(AZ, CA, HI, NV) (3.3%) (1.3%) (0.9%) (94.5%) (6.6%) (14.2%) (6.6%) (5.2%) (67.4%)
Region 10 10,462 177 121 49 10,115 355 10 48 29 21 247
(AK, ID, OR, WA) (1.7%) (1.2%) (0.5%) (96.7%) (2.8%) (13.5%) (8.2%) (5.9%) (69.6%)
Total for United States® 64,591 2,298 1,891 1,506 58,896 2,264 96 658 302 168 1,040
(3.6%) (2.9%) (2.3%) (91.2%) (4.2%) (29.1%) (13.3%) (7.4%) (45.9%)

*River reaches based on EPA River Reach File (RF1). RF1 does not include data outside the contiguous United States.
" Because some reaches and watersheds occur in more than one region, the total number of reaches and watersheds in each category for the country might not equal the sum of reaches or watersheds

in the regions.
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All Tier 3 Stations
2.3%

No Data
91.2%

Figure 3-3. National Assessment: Percent of River Reaches
that Include Tier 1, Tier 2, and Tier 3 Sampling Stations.

Not all sampling programs target only sites of known or suspected contamination. The NSI database
includes data from EPA’s Environmental Monitoring and Assessment Program (EMAP), which uses a
probabilistic sampling design; that is, the sampling locations are randomly selected. The percentage of
sampling stations placed in each tier based on these data alone differs considerably from the percentage of
sampling stations in each tier based on an evaluation of all the data in the NSI database. Smaller
percentages of EMAP sampling stations are categorized as Tier 1 (33.4 percent for EMAP compared to
43.0 percent for all NSI database sampling stations), greater percentages are categorized as Tier 2 (41.9
percent for EMAP compared to 30.1 percent for all NSI database stations), and comparable percentages
are categorized as Tier 3 (24.8 percent for EMAP and 26.8 overall). For comparison, the NSI database
also contains data from the National Oceanic and Atmospheric Administration’s National Status and
Trends Program (NS&T). The NS&T does not target known or suspected contaminated sites. Greater
percentages of NS&T sampling stations are categorized as Tier 1 (55.5 percent for NS&T compared to
43.0 percent for all NSI database sampling stations), similar percentages are categorized as Tier 2 (32.9
percent for NS&T compared to 30.1 percent for all NSI database stations), and smaller percentages are
categorized as Tier 3 (11.6 percent for NS&T compared to 26.8 percent for all NSI database stations).
These differences might also reflect the lower detection limits of more sensitive analytical chemistry
techniques, the sensitivity of Tier 2 evaluation parameters, and the nearly ubiquitous presence of low to
intermediate levels of contamination in the areas sampled by these programs.

Table 3-3 presents the number of sampling stations categorized by tier for the different evaluation
parameters described in Table 2-2 and organized by aquatic life and human health effects. Most stations
(87.9 percent) are evaluated using the logistic regression model. Nearly 75 percent of the stations are
evaluated using the sediment-based human health assessment. The draft ESG and draft PAH toxicity unit
analyses are applied to 65.2 and 48.7 percent of the stations, respectively. The reduced percentages of
NSI database stations evaluated with the draft ESG and draft PAH toxicity unit analyses can typically be
tied to the absence of analytical results for the appropriate organic chemicals (i.e., PAHs), which might be
typical of monitoring programs that targeted metals or PCBs. Only 17.8 percent of the stations were
evaluated using sediment toxicity analysis.

3-6
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Table 3-3. Tier Classification Summary.

Table 2-2
Evaluation Number of Stations
Parameter
Tier Evaluation Parameter Reference Total Tier 1 Tier 2 Tier 3
Aquatic Life Assessment
Draft ESG analysis 1,7 12,649 69 228 12,352
SEM analysis 2,8 739 10 205 524
Logistic regression model analysis 3,9 17,056 4,513 6,415 6,128
Draft PAH toxicity unit analysis 4,10 9,442 545 1,144 7,753
Toxicity analysis 15,17 3,446 745 858 1843
Tox1_01ty demonstrated in two or more species classified 16 o/a 54 n/a w/a
as Tier 2
Human Health Assessment
Sediment chemistry TBP exceeds EPA’s human health
cancer risk of 10 or a noncancer hazard quotient (HQ) 5 5,372 n/a n/a
of 10
: . 14,484
Sediment chemistry TBP exceeds EPA’s human health
cancer risk of 10”° or a noncancer HQ of 1, or FDA’s 11 n/a 3,236 5,876
tolerance/action/guidance levels
Tissue levels of chemicals with a log K, > 5.5 in
samples that exceed EPA’s human health cancer risk of 12 1133 n/a /a
107, a noncancer HQ of 1, or FDA’s ’
tolerance/action/guidance levels 2364
Tissue levels of chemicals with a log K, <5.5 in ’
samples that exceed EPA’s human health cancer risk of
107, a noncancer HQ of 1, or FDA’s 14 n/a 363 668
tolerance/action/guidance levels
Tissue levels and sediment chemistry TBP of chemicals
with a log K, < 5.5 in samples that exceed EPA’s human
health cancer risk of 10°, a noncancer HQ of 1, or FDA’s 6and 13 n/a 46 n/a n/a
tolerance/action/guidance levels
Total® 19,398 8,348 5,846 5,204

* Because stations might be evaluated by more than one criterion, the sum of the number of stations evaluated under each criterion might not be equal
to the total number of stations.

Many of the 19,398 evaluated stations were assessed using more than one of the evaluation parameters.
About 38 percent of the stations classified as Tier 1 (3,171 stations) were classified as Tier 1 based on
more than one of the evaluation parameters. About 31 percent of the stations classified as Tier 2 (1,817
stations) were classified as Tier 2 based on more than one of the evaluation parameters. Of the remaining
5,177 stations classified as Tier 1 based on only one evaluation parameter, 1,597 stations were classified
as Tier 1 based on the logistic regression model, 2,286 stations were classified as Tier 1 based on the
sediment chemistry TBP’s exceeding risk levels, and 980 stations were classified as Tier 1 based on tissue
risk levels. Of the remaining 4,029 stations classified as Tier 2 based on only one evaluation parameter,
2,389 were classified as Tier 2 based on the logistic regression model and 1,042 were classified as Tier 2
based on the sediment chemistry TBP’s exceeding risk levels. About 62 of the stations classified as Tier 3
were classified as Tier 3 based on more than one evaluation parameter. Of the remaining 1,970 stations
classified as Tier 3 based on only one evaluation parameter, 1,161 were classified as Tier 3 based on the
logistic regression model and 530 stations were classified as Tier 3 based on the sediment chemistry
TBP’s not exceeding risk levels. Overall, fewer stations were classified as Tier 1 using aquatic life
evaluation parameters (5,006 stations) than were classified using human health evaluation parameters
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(6,385 stations). Of the stations classified as Tier 2, 4,439 stations were classified as Tier 2 using aquatic
life evaluation parameters and 3,131 stations were classified as Tier 2 using human health evaluation
parameters. Additionally, the chemicals most often associated with Tier 1 designation using both
sediment chemistry TBP and tissue residue evaluation parameters were determined. Based on tissue
residue data, PCBs, DDTs, chlordane, dioxins, and hexachlorobenzene are the leading chemicals
associated with Tier 1 designation looking at probable adverse effects to human health in this report.
Looking at sediment chemistry TBP evaluation parameters also for probable adverse effects to human
health, PAHs, PCBs, DDTs, dieldrin, and dioxins are the leading chemicals associated with Tier 1
designation in this report. It is important to note that this report, as stated earlier, provides a screening-
level assessment that identifies potential problems for further study. A screening-level analysis typically
identifies problems that prove not to be significant upon further analysis. Therefore, further studies (e.g.,
risk assessment, toxicological evaluations) would need to be conducted to determine whether sediment
contaminants are resulting in adverse effects to aquatic life and/or human health as well as the cause(s) of
those adverse effects.

Two important issues in interpreting the results of sampling station classification are naturally occurring
“background” levels of chemicals and the effect of chemical mixtures. Site-specific naturally occurring
(or background) levels of chemicals might be an important risk management consideration in examining
sampling station classification. This is most often an issue for naturally occurring chemicals like metals
and PAHs. In addition, although the sediment chemistry screening levels for individual chemicals are
used as indicators of potential adverse biological effects, other co-occurring chemicals (which might or
might not be measured) can cause or contribute to any observed adverse effect at specific locations.

To help judge the effectiveness of the NSI data evaluation approach, EPA examined the agreement
between sediment chemistry and toxicity test results for the 2,999 NSI database sampling stations where
toxicity data existed so sediment chemistry data for aquatic health could be evaluated. The toxicity test
data indicate whether significant lethality to indicator organisms occurs as a result of exposure to
sediment. About two-thirds (67.9 percent) of the stations classified as Tier 1 based on aquatic life effects
from sediment chemistry data evaluation were classified as Tier 1 or 2 based on toxicity test results.
About 43.6 percent of the stations classified as Tier 2 based on aquatic life effects from sediment
chemistry data were classified as Tier 1 or 2 based on toxicity test results. Less than one-fourth (23.4
percent) of the stations classified as Tier 3 based on aquatic life effects from sediment chemistry data
were classified as Tier 1 or 2 based on toxicity test results. These results are generally consistent with the
range of predicted proportion toxic used to classify a station as Tier 1, 2, or 3. The results also
demonstrate, in part, the differing sensitivities of varying test organisms and endpoints.

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. The data review process included steps to review the
incoming data for consistency. The steps included confirmation of metadata such as sample date,
qualifying codes, chemicals analyzed, and range checks. Typical problems encountered included the
reporting of multiple results for a single chemical, inconsistent reporting units, the absence of remark
codes, and inconsistencies between tables that reported sample-level information and chemical results.
Databases with obvious quality problems were not included in the NSI data evaluation. Also, if a database
included in the NSI database did not have associated locational information (latitude/longitude), data in
that database were not included in the NSI data evaluation. Other data were organized in a manner that
prevented simple electronic manipulation or were not provided in an electronic format, precluding their
use in this assessment. In general, these data were associated with small geographic areas. It is likely that
this data exclusion led to not identifying certain Tier 1 and 2 stations, and possibly additional APCs. It is
also likely that this data exclusion led to not identifying certain Tier 3 stations as well. However, it is not
likely that this data exclusion would have substantively changed the conclusions and discussion presented
in this report.
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Watershed Assessment

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 magnitude of sediment contamination in
monitored waterbodies of 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 contaminated spots are located in close proximity, the spatial
extent and probability of exposure are much greater. EPA examined sampling station 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 might be likely. In this report,
EPA defines watersheds by 8-digit U.S. Geological Survey (USGS) hydrologic unit codes (cataloging
units), which are roughly the size of a county. In the United States and Puerto Rico, there are 2,264
watersheds.

Watersheds containing APCs are those which 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 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 16.3 percent of the watersheds (370 of 2,264) met this requirement and thus were eligible
to contain an APC. These dual criteria were based on empirical observation of the data in the first
National Sediment Quality Survey report to Congress and are maintained for this evaluation. The
definition of area of probable concern was developed to identify watersheds for which further study of
the effects and sources of sediment contamination, and possible risk reduction needs, would be warranted.
Where data have been generated through intensive sampling in areas of known or suspected
contamination in a watershed, the APC definition should identify watersheds that contain even relatively
small areas that are considerably contaminated. This designation does not imply, however, that sediment
throughout the entire watershed, which is typically very large compared to the extent of available
sampling data, is contaminated. For example, the Lower Mississippi—New Orleans watershed has been
identified as containing an APC. This designation is due to multiple Tier 1 stations identified in the lower
Mississippi River rather than in the Mississippi River delta and nearshore areas. The delta and the
nearshore areas are reported as one of the largest and documented healthy commercial and recreation
fisheries in North America (Bob Engler, USACE/ERDC, personal communication, March 1, 2002), and
they have only three Tier 1 stations, which by themselves would not qualify as an APC. On the other
hand, where data have been generated through comprehensive sampling, or where sampling stations 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 watershed
of the size typically delineated by a USGS cataloging 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. In addition, limited random or evenly distributed sampling within such
a watershed might not yield 10 Tier 1 sampling stations. Thus, the process used to identify watersheds
containing APCs might include some watersheds with limited areas of contamination and omit some
watersheds with significant contamination. Given available data, however, EPA has concluded that the
process represents a reasonable screening analysis to identify watersheds where further study is
warranted. NSI database sampling stations are located in 1,224 of the 2,264 watersheds, or approximately
54.1 percent of the total number of watersheds. The application of the above procedure identified 96
watersheds that contain APCs. These watersheds represent about 4.2 percent of all watersheds (96 of
2,264). The watershed analysis also indicated that 29.1 percent of all watersheds contain at least one Tier
1 sampling station, 13.3 percent contain at least one Tier 2 sampling station but no Tier 1 stations, and 7.4
percent contain all Tier 3 sampling stations (Figure 3-4). About 45.9 percent of all watersheds in the
country did not include a sampling station. Table 3-4 provides a list of all watersheds that contain an
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Figure 3-4. National Assessment: Watershed Classification.

APC. The location of these watersheds is shown on Figure 3-5. The name and cataloging unit number on
Table 3-4 correspond to the labels on Figure 3-5.

Of the 370 watersheds with enough stations to potentially contain an APC, 25.9 percent (96 of 370)
contained an APC. To some extent, the sampling effort does contribute to the number of Tier 1 stations. A
simple statistical regression analysis of total number of sampling stations versus number of Tier 1
sampling stations for the 370 watersheds eligible to contain an APC (including at least 10 and up to 200
sampling stations) resulted in a statistically significant correlation coefficient (R-square) of 0.67. When a
regression analysis of total number of sampling stations versus percentage of Tier 1 and Tier 2 stations is
performed, however, the resulting correlation coefficient is 0.02, which indicates no correlation. Because
of these dual criteria, the sampling effort does not overly contribute to APC designation. Of the 96
watersheds, 55 watersheds would have been identified as containing an APC if only aquatic life
evaluation parameters had been evaluated. Sixty of the 96 watersheds containing an APC would have
been identified if only human health evaluation parameters had been used. Thirty-six of these watersheds
are in common. Seventeen of the 96 watersheds would not have been identified at all.
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Table 3-4. USGS Cataloging Unit Numbers and Names for Watersheds Containing APCs.

Cataloging Cataloging
Map Unit Map Unit
No. Number Cataloging Unit Name No. Number Cataloging Unit Name
1| 01080205 |[Lower Connecticut 49| 07120001 |Kankakee
2| 01090001 [Charles 50 07120002 [Iroquois
31 01090004 |Narragansett 51| 07120003 |[Chicago
4| 01100004 |Quinnipiac 52| 07120004 |Des Plaines
5] 01100005 |Housatonic 53 07120005 [Upper Illinois
6| 01100006 |Saugatuck 54| 07120006 |Upper Fox
7| 01100007 |Long Island Sound 55| 07120007 |Lower Fox
8| 02020003 |Hudson-Hoosic 56 07130001 [Lower Illinois-Senachwine Lake
91 02020004 |Mohawk 57| 07130003 |Lower Illinois-Lake Chautauqua
10| 02020006 |[Middle Hudson 58| 07130007 |[South Fork Sangamon
11] 02020008 |Hudson-Wappinger 59| 07130011 |[Lower Illinois
12| 02030101 [Lower Hudson 60 07130012 [Macoupin
13| 02030102 |[Bronx 61| 08030207 |[Big Sunflower
14| 02030103 |Hackensack-Passaic 62| 08030209 [Deer-Steele
15| 02030104 |Sandy Hook-Staten Island 63| 08090100 [Lower Mississippi-New Orleans
16| 02030105 [Raritan 64| 11070209 [Lower Neosho
17| 02030201 [Northern Long Island 65| 12030102 [Lower West Fork Trinity
18] 02030202 |[Southern Long Island 66| 12090205 |[Austin-Travis Lakes
19| 02040202 [Lower Delaware 67| 14010002 |[Blue
20| 02040205 |[Brandywine-Christina 68| 15060106 |Lower Salt
21| 02060003 |Gunpowder-Patapsco 69| 16050203 |Carson Desert
22| 02060004 |[Severn 70 17020001 [Franklin D. Roosevelt Lake
23| 02080107 |[York 71| 17080001 |Lower Columbia-Sandy
24| 03050201 |Cooper 72| 17090012 |Lower Willamette
251 03050202 [South Carolina Coastal 73| 17100102 [Queets-Quinault
26| 03060109 |Lower Savannah 74| 17100105 |[Grays Harbor
27| 03070203 |Cumberland-St. Simons 75 17110002 |Strait Of Georgia
28| 03100206 |[Tampa Bay 76| 17110012 |Lake Washington
29| 03130002 |Middle Chattahoochee-Lake Harding 77| 17110013 [Duwamish
30 03140105 [Pensacola Bay 78| 17110019 [Puget Sound
31| 03160205 [Mobile Bay 79| 18010102 |Mad-Redwood
32 04030108 |[Menominee 80| 18020112 |Sacramento-Upper Clear
33| 04030204 |Lower Fox 81| 18040005 |Lower Cosumnes-Lower Mokelumne
34 04040001 [Little Calumet-Galien 82| 18050001 |[Suisun Bay
35| 04040002 |Pike-Root 83| 18050002 [San Pablo Bay
36 04120101 [Chautauqua-Conneaut 84| 18050003 |Coyote
37| 04140201 |[Seneca 85| 18050004 |San Francisco Bay
38| 05060001 |[Upper Scioto 86| 18060006 |Central Coastal
39| 05120106 |Tippecanoe 87| 18060011 [Alisal-Elkhorn Sloughs
40| 05120201 |[Upper White 88| 18070103 |Calleguas
41| 05120208 [Lower East Fork White 89| 18070104 |Santa Monica Bay
42| 06010201 |Watts Bar Lake 90 18070106 |[San Gabriel
43| 06010205 |[Upper Clinch 91| 18070201 |Seal Beach
441 06020001 [Middle Tennessee-Chickamauga 92| 18070203 |Santa Ana
45| 07040001 |Rush-Vermillion 93 18070204 |[Newport Bay
46| 07080101 |[Copperas-Duck 94| 18070301 |Aliso-San Onofre
471 07090005 |[Lower Rock 95| 18070304 |San Diego
48] 07090007 [Green 96 19020201 [Eastern Prince William Sound
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Figure 3-5. Watersheds Identified as Containing APCs.
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National Sediment Quality Survey

APC designation within a watershed could result from either expansive sampling throughout a watershed
or intensive sampling at a single contaminated location or a few such locations. In comparison to the
overall results presented in Figure 3-3, sampling stations are located on an average of 34.1 percent of the
reaches in watersheds containing APCs. On the average, 23.9 percent of reaches in watersheds containing
APCs have at least one Tier 1 sampling station and 7.9 percent have no Tier 1 sampling station but at
least one Tier 2 sampling 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, 97
individual river reaches or waterbody segments have 10 or more Tier 1 sampling stations (Table 3-5).
These are localized areas in the watershed for which an abundance of evidence indicates potentially
severe contamination. Because EPA's Reach File 1 was used to index the location of NSI database
sampling stations, some sampling stations might not actually occur on the identified Reach File 1 stream,
but rather on a smaller stream that is hydrologically linked or is relatively close to the Reach Filel stream.

The first report to Congress (USEPA, 1997) identified 96 watersheds with areas of probable concern
(APCs) based on data collected from 1980 through 1993. Using the updated methodology described in
Chapter 2 and the same APC definition, this second report identified 96 watersheds containing an APC
based on data collected from 1990 through 1999. Appendix F compares the watersheds identified in the
reports. Thirty-seven watersheds were identified in both reports as containing an APC because data were
available on these watersheds from both time periods, 1980 through 1993 and 1990 through 1999. Of the
remaining 59 watersheds with an APC in the previous report to Congress, 26 of the watersheds had fewer
than 10 total monitoring stations with data evaluated, 26 watersheds had fewer than 10 Tier 1 stations,
and 7 watersheds had less than 75 percent of the analyzed stations classified as Tier 1 or Tier 2 in the
current report. Of the remaining 59 watersheds with an APC in the current analysis, 19 of the watersheds
had fewer than 10 total monitoring stations with data evaluated, 36 watersheds had fewer than 10 Tier 1
stations, and 4 watersheds had less than 75 percent of the analyzed stations classified as Tier 1 or Tier 2 in
the previous report to Congress. Appendix F also presents a detailed listing and geographical location of
the watersheds summarized in the appendix. As indicated above, this disparity could be due to a lack of
data collected in those watersheds identified as containing an APC in the first report but not containing an
APC in this report. This difference could also be due to different stations’ being evaluated in those
watersheds that resulted in the APC designation in the first report than were evaluated in the same
watersheds in the current report, and not designated as containing an APC in this report. Therefore, it
should not be inferred that there are no ecological or human health impacts due to contaminated
sediments for the stations located in watersheds that were designated as containing APCs in the first
report but are not designated as such in this first update. Additional analysis should be conducted to
determine the degree of impact due to contaminated sediments.

Contaminated Sediment CERCLA Sites and Their Relationship to Report
Findings

Table 3-6 and Figures 3-6 and 3-7 present the name and location of 66 Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA, also known as Superfund) sites in the United
States where the risks to human health and/or the environment are unacceptable because of sediment
contamination and for which, as of September 30, 2002, EPA has issued a Record of Decision (ROD) or
Action Memo that describes the sediment remedy necessary to mitigate those risks. The table and figures
do not include all sites where a sediment cleanup decision has been made, but only those that the
CERCLA program has classified as Tier 1 sites. These Tier 1 CERCLA sites (not to be confused with the
Tier 1 sampling stations identified in this report) are sites where the sediment action will address at least
10,000 cubic yards of contaminated sediment or an area of at least 5 acres. The CERCLA program will
continue to track the progress at these sites to evaluate the effectiveness of the selected remedy and will
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National Sediment Quality Survey

Table 3-5. River Reaches with 10 or More Tier 1 Sampling Stations Located in Watersheds

Containing APCs.
Total
Cataloging Number | Number of
Unit of Tier 1 | Stations in
Number Cataloging Unit Name | RF1 Reach ID RF1 Reach Name Stations Reach
01090001 |Charles 01090001022  [Boston Bay 16 32
02020003 |Hudson-Hoosic 02020003031 |Hudson River 16 16
02020003056  [Hudson River 16 16
02020003057  |Hudson River 29 33
02020003078  [Hudson River 67 67
02020008 |Hudson-Wappinger 02020008031  |Hudson River 12 12
02030101 |Lower Hudson 02030101009  |Hudson River 10 10
02030101039  [Hudson River 11 11
02030102 |Bronx 02030102001  |Long Island Sound 26 27
02030103 |Hackensack-Passaic 02030103001 |Hackensack River 17 21
02030103010 |Passaic River 105 106
02030103023 [Rockaway River 11 19
02030104 [Sandy Hook-Staten 02030104001 | Upper New York Bay 36 39
Island 02030104002 |Newark Bay 62 74
02030104004  |[Staten Island 24 29
02030201 [Northern Long Island 02030201001  |Upper Bay 10 11
02030201003  |Long Island Sound 17 17
02030201004 |Long Island Sound 10 11
02030201005 |Long Island Sound 15 18
02030202 |[Southern Long Island 02030202028 |Jamaica Bay 31 41
02040205 |Brandywine-Christina 02040205011 | Christina River 71 147
02040205013  [Red Clay Creek 11 15
02060004 |Severn 02060004002  |Severn River 15 22
02060004004  [South River 15 22
03050201 |[Cooper 03050201030 | Cooper River 18 27
03050201034 | Cooper River 11 12
03050202 |[South Carolina Coastal 03050202010 | Ashley River 25 25
03100206 |Tampa Bay 03100206009  |Hillsborough Bay 28 34
03100206019 | Tampa Bay 11 14
03140105 |Pensacola Bay 03140105011  |Pensacola Bay 17 27
04030108 |Menominee 04030108001 |Menominee River 12 12
04040002 |Pike-Root 04040002002 |Lake Michigan 32 46
07080101 [Copperas-Duck 07080101007  |Mississippi River 12 14
07080101008  |Mississippi River 48 58
07080101009  |Mississippi River 12 19
07080101020  |Duck Creek 16 17
07090007 | Green 07090007005 | Green River 11 23
07120003 [Chicago 07120003001 | Chicago Sanitary Ship Canal 17 20
07120004 |Des Plaines 07120004011 | Des Plains River 13 23
07120004016 | Salt Creek 12 16
07120006 |Upper Fox 07120006011 |Fox River 10 14
08030207 |Big Sunflower 08030207005 |Big Sunflower River 14 14
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Table 3-5. (Continued)

Total
Cataloging Number | Number of
Unit of Tier 1 | Stations in

Number Cataloging Unit Name | RF1 Reach ID RF1 Reach Name Stations Reach
08030209 |Deer-Steele 08030209003 | Black Bayou 18 19
08090100 [Lower Mississippi-New 08090100004 | Mississippi River 18 18

Orleans
12030102 |Lower West Fork Trinity 12030102049  [Mountain Creek Lake 11 12
12090205 | Austin-Travis Lakes 12090205004 | Colorado River 13 13
15060106 |Lower Salt 15060106001 | Salt River 20 28
15060106026 |Cave Creek 19 24
17080001 |Lower Columbia-Sandy 17080001009 | Columbia River 11 49
17090012 |Lower Willamette 17090012017 | Willamette River 54 97
17090012018 | Willamette River 42 49
17090012019 | Willamette River 125 197
17090012026 |Columbia Slough 11 26
17100102 |Queets-Quinault 17100102040 [Matheny Creek 50 74
17100102042 | Sams River 27 34
17100105 |Grays Harbor 17100105022 | Big Creek 86 86
17100105025  |Humptulips River, East Fork 14 14
17110002 | Strait Of Georgia 17110002019  |Bellingham Bay 71 104
17110002022 |Bellingham Bay 58 114
17110002030 | Strait Of Georgia 22 61
17110002038  |Fidalgo Island 12 43
17110012 |Lake Washington 17110012001  |Lake Washington Ship Canal 69 74
17110012003  |Lake Union 58 59
17110012004 |Lake Union 14 14
17110012009  |Lake Washington 24 45
17110013 | Duwamish 17110013001 |Duwamish Waterway 82 130
17110013003  |Elliot Bay 498 745
17110013005 |Green River 12 15
17110019 |Puget Sound 17110019022  |Sinclair Inlet 165 191
17110019024  |Sinclair Inlet 11 30
17110019068 |Budd Inlet 62 130
17110019081 | Chambers Creek 19 20
17110019084 | Puget Sound 31 45
17110019085 | Puget Sound 605 848
17110019086 |Puget Sound 198 257
17110019087 | Puget Sound 83 230
18010102 |Mad-Redwood 18010102010 | Arcata Bay 12 15
18040005 |Lower Cosumnes-Lower 18040005005 | Comanche Reservoir 15 36
Mokelumne

18050002 |San Pablo Bay 18050002002 | San Pablo Bay 28 29
18050002036 |San Pablo Bay 14 20
18050004 |San Francisco Bay 18050004001 | San Francisco Bay 59 66
18050004038 | San Francisco Bay 10 14
18050004049 | San Francisco Bay 33 35
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Table 3-5. (Continued)

Total
Cataloging Number | Number of
Unit of Tier 1 | Stations in
Number Cataloging Unit Name | RF1 Reach ID RF1 Reach Name Stations Reach
18060006 |Central Coastal 18060006015  [Charro Creek 19 20
18070103 | Calleguas 18070103009 [Pacific Ocean 18 18
18070104 |Santa Monica Bay 18070104001  |Pacific Ocean 51 62
18070104002 | Dominguez Channel 13 13
18070104003 | Pacific Ocean 35 46
18070104005 | Pacific Ocean 10 10
18070106 |San Gabriel 18070106021 [Pacific Ocean 17 26
18070201 |Seal Beach 18070201001 | Pacific Ocean 38 59
18070203 |Santa Ana 18070203001 Santa Ana River 27 85
18070204 |Newport Bay 18070204002 | San Diego Creek 15 23
h 18070204005 |Pacific Ocean 10 32
18070304 |San Diego 18070304001 |Pacific Ocean 41 49
z 18070304008 | San Diego Bay 13 19
m 18070304014 |San Diego Bay 139 169
Z Table 3-6. Contaminated Sediment CERCLA Sites.
: Map ID CERCLA Site EPA Region State
1 GE - Housatonic River 1 MA
U 2 Hocomonco Pond 1 MA
o 3 New Bedford 1 MA
4 Nyanza Chemical Waste Dump 1 MA
n 5 Sullivan’s Ledge 1 MA
6 Loring Air Force Base 1 ME
m 7 Newport Naval Education & Training Center 1 RI
8 Pine Street Canal 1 VT
> 9 Burnt Fly Bog 2 NJ
H 10 Chemical Insecticide Corp. 2 NJ
: 11 Chemical Leaman Tank Lines, Inc. 2 NJ
12 Lipari Landfill 2 NJ
u 13 Alcoa Aggregation Site (Grasse River, Massena) 2 NY
u 14 Batavia Landfill 2 NY
15 FMC Corp. (Dublin Road Landfill) 2 NY
q 16 General Motors (Central Foundry Division) (Massena) 2 NY
17 Hooker (102nd Street) 2 NY
ﬁ 18 Hudson River PCBs 2 NY
19 Love Canal 2 NY
n 20 Marathon Battery Corp. 2 NY
m 21 Onondaga Lake 2 NY
22 Reynolds Metals Co. (Massena) 2 NY
m, 23 Richardson Hill Road Landfill/Pond 2 NY
24 York Qil Co. 2 NY
: 25 E.I. du Pont de Nemours & Co., Inc. (Newport Pigment Plant Landfill) 3 DE
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Table 3-6. (Continued)

Map ID CERCLA Site EPA Region State
26 Halby Chemical Co. 3 DE
27 Metal Banks 3 PA
28 Dixie Caverns County Landfill 3 VA
29 Stauffer Chemical Co. (Cold Creek Plant) 4 AL
30 Triana/Tennessee River 4 AL
31 Koppers Co., Inc. (Charleston Plant) 4 SC
32 Sangamo Weston, Inc./Twelve-Mile Creek/Lake Hartwell PCB Contamination 4 SC
33 Ross Metals Inc. 4 N
34 Outboard Marine Corp. 5 IL
35 Sangamo Electric Dump/Crab Orchard National Wildlife Refuge (USDOI) 5 IL
36 Yeoman Creek Landfill 5 IL
37 Allied Paper, Inc./Portage Creek/Kalamazoo River 5 MI
h 38 Ford Motor Co. (Monroe-River Raisin-Ford Outfall) 5 MI
39 Manistique River/Harbor 5 MI
z 40 Velsicol Chemical Corp. (Michigan) 5 MI
Ll 41 |Fox River 5 wi
42 Sheboygan Harbor & River 5 WI
Z 43 Southern Lakes Trap & Skeet Club 5 WI
: 44 Bayou Bonfouca 6 LA
45 Cleveland Mill 6 NM
U' 46 Alcoa (Point Comfort)/Lavaca Bay 6 TX
47 Bailey Waste Disposal 6 TX
o 48 Nahant Marsh 7 1A
n 49 Eagle Mine 8 CO
50 Rocky Mountain Arsenal (U.S. Army) 8 Cco
m 51 Silver Bow Creek/Butte Area 8 MT
52 Monticello Mill Tailings (U.S. DOE) 8 UT
> 53 Sharon Steel Corp. (Midvale Tailings) 8 UT
H 54 Concord Naval Weapons Station 9 CA
55 McCormick & Baxter Creosoting Co. 9 CA
: 56 Moffett Field Naval Air Station 9 CA
u 57 United Heckathorn Co. 9 CA
58 Ketchikan Pulp Company 10 AK
u 59 Bunker Hill (OU3 Coeur d’Alene Basin) 10 1D
q 60 McCormick & Baxter Creosoting Co. (Portland Plant) 10 OR
61 Commencement Bay, Nearshore/Tide Flats 10 WA
ﬁ 62 Harbor Island (Lead) 10 WA
63 Old Navy Dump/Manchester Laboratory (U.S. EPA/NOAA) 10 WA
n 64 Pacific Sound Resources 10 WA
m 65 Puget Sound Naval Shipyard Complex 10 WA
66 Wyckoff Co./Eagle Harbor 10 WA
7))
=
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Figure 3-6. Contaminated Sediment CERCLA Sites.
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National Sediment Quality Survey

add more sites to the list as more decisions are made on the need to clean up other sites. More information
on these sites can be found on the Internet at www.epa.gov/superfund/resources/sediment/sites.htm.

As outlined previously in the Watershed Assessment section, a total of 96 watersheds containing APCs
have been identified throughout the United States. Twenty-eight of the 66 CERCLA sites are located in
18 of these watersheds containing APCs. There are 48 of the 66 CERCLA sites with no Tier 1 sampling
stations within a 1-mile radius and 31 of the 66 CERCLA sites with no Tier 1 stations within 5 miles.

At the time of this report, the data associated with these CERCLA sites have not been compiled in the
NSI database; however, several sampling stations in the database and evaluated in this report are close to
these 66 CERCLA sites. For example 3,225 Tier 1, 2, and 3 sampling stations, out of the 19,398 stations
evaluated in this report, are within 5 miles of the 66 sites, and 984 are within 1 mile of a CERCLA site.
Of the 3,225 sampling stations, 2,257 are Tier 1 sampling stations (27 percent of all 8,348 Tier 1 stations)
located within 5 miles of a CERCLA site; 719 of these Tier 1 sampling stations are located within 1 mile
of a CERCLA site.

Wildlife Assessment

As described in Chapter 2, EPA conducted a separate analysis of the NSI data to determine the number of
sampling stations where chemical concentrations of DDT, mercury, dioxin, and PCBs exceeded levels set
to be protective of wildlife (i.e., EPA wildlife criteria). The wildlife criteria used in this evaluation were
derived from those presented in the Great Lakes Water Quality Initiative Criteria Documents for the
Protection of Wildlife: DDT; Mercury; 2,3,7,8-TCDD, PCBs (USEPA, 1995) subtracting out exposure
from direct water consumption. The only assumed route of exposure for this evaluation was the
consumption of contaminated fish tissue by wildlife.

Data were available to evaluate a total of 14,420 NSI sampling stations using the wildlife criteria. Based
on wildlife criteria alone, 30 sampling stations would be classified as Tier 1 (matched sediment chemistry
and fish tissue data) and 3,284 sampling stations would be classified as Tier 2 (sediment chemistry TBP
or fish tissue data). If wildlife criteria had been used to complete the national assessment, the number of
Tier 1 stations would have remained at 8,348 stations, the number of Tier 2 stations would have increased
from 5,846 to 6,158, and the number of Tier 3 stations would have decreased to 4,892. The change is
related to 312 sampling stations classified as Tier 3 that would be classified as Tier 2 if the wildlife
criteria were used.

The reason for the increase in Tier 2 stations when using wildlife criteria is twofold: (1) the wildlife
criteria for DDT and mercury are significantly lower than the EPA risk levels used in the corresponding
human health evaluations; (2) the lipid content used in the wildlife TBP analysis (10.31 percent for whole
body) exceeded 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 wildlife criteria. For a sampling
station to be classified as Tier 1, both sediment chemistry TBP and measured fish tissue concentrations
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 the same chemical measured. In those few
cases where contaminants in both media were measured, there were no additional sampling stations
(stations not already classified as Tier 1) where both the sediment chemistry TBP and fish tissue levels
exceeded the wildlife criteria. Moreover, no sampling stations were classified as Tier 1 for exceedance of
the wildlife criteria for mercury because sediment chemistry TBPs cannot be calculated for metals.
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Regional and State Assessment

The remainder of this chapter presents more detailed results from the evaluation of NSI data for sampling
stations in each of the 10 EPA regions and each state. The sections that follow present the number of Tier
1, Tier 2, and Tier 3 sampling stations in each region and state. Tables and figures similar to those
presented in the national assessment of sampling station evaluation results and river reach evaluation
results are included. Regional maps display the location of Tier 1 and Tier 2 sampling stations and APCs.
The presentation format is identical for all regions.

These summary results do not include locations with contaminated sediment not identified in the NSI
database. The data compiled for the NSI database are primarily from large national electronic databases.
Data from many sampling and testing studies have not yet been incorporated into the NSI database. Thus,
there are additional locations with sediment contamination that do not appear in this summary. On the
other hand, data in this evaluation were collected between 1990 and 1999 and any single measurement of
a chemical at a sampling station taken at any point in time during that period could result in classification
of the sampling station in Tier 1 or Tier 2. Because the evaluation is a screening-level analysis, sampling
stations that appear in Tier 1 or Tier 2 might not actually cause unacceptable impacts. In addition,
management programs to address identified sediment contamination might already exist.

It is important to repeat here that some regions and states, as demonstrated in Table 2-1, have
significantly more data compiled and evaluated in this report than do most other regions and states. For
example, more than two-thirds of all stations evaluated in the NSI database are in Washington, Virginia,
California, Illinois, Florida, Wisconsin, New York, Texas, Oregon, and South Carolina. Each of these
states has more than 500 monitoring stations. This situation, to some degree, accounts for the relatively
large number of sampling stations classified as Tier 1 in some regions and states.

EPA Region 1

Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont

EPA evaluated 275 sampling stations in Region 1 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 100 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 127 stations, placing them in Tier 2. For human health, data for 150 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 34 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 182
sampling stations (66.2 percent) as Tier 1, 64 (23.3 percent) as Tier 2, and 29 (10.5 percent) as Tier 3.
The NSI database sampling stations in Region 1 were located in 125 separate river reaches, or 4.5 percent
of all reaches in the region. About 3.5 percent of all river reaches in Region 1 included at least one Tier 1
station, 0.8 percent included at least one Tier 2 station but no Tier 1 stations, and 0.2 percent had only
Tier 3 stations (Table 3-7). Table 3-8 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 9 watersheds containing APCs out of the 62 watersheds (14.5 percent) in
Region 1 (Table 3-7). In addition, 21.0 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 9.7 percent had at least one Tier 2 station
but no Tier 1 stations, and 0.0 percent had only Tier 3 stations; 54.8 percent of the watersheds 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 3-8.

Within the 9 watersheds in Region 1 identified as containing APCs (Table 3-9), 32 waterbodies have at
least 1 Tier 1 sampling station and 5 waterbodies have 10 or more Tier 1 sampling stations (Table 3-10).
For those watersheds that contain APCs, Table 3-10 presents a list of all waterbodies that contain one or

3-21



National Sediment Quality Survey

more Tier 1 sampling stations. Based on the information in Table 3-10, Boston Bay, Long Island Sound,
the Atlantic Ocean, the Connecticut River, and the Housatonic River appear to have the most significant
sediment contamination in Region 1.

Table 3-7. Region 1: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 2,764 Total Number of Watersheds 62
River Reaches With at Least One Tier 97 (3.5%) Watersheds Containing APCs 9 (14.5%)
I Station Watersheds With at Least One Tier | 13 (21.0%)

Station

River Reaches With at Least One Tier 23 (0.8%) Watersheds With at Least One Tier 2 6 (9.7%)
2 Station and Zero Tier 1 Stations Station and Zero Tier 1 Stations
River Reaches With All Tier 3 5(0.2%) Watersheds With All Tier 3 Stations 0 (0.0%)
Stations
River Reaches With No Data 2,639 (95.5%) Watersheds With No Data 34 (54.8%)

Table 3-8. Region 1: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
= =3 -
& = 8 = s
Tier 1 Tier 2 Tier 3 58 | . - 22| 5 = o | £
S g -2 | =2 | o 2 3 R 3
5 2 $Z|3E |5 |30 |28 = |82% | £-¢
52 S |l=ss|l=sE|l=s2|8E 2 == $2<
23 Pz |E|ES|ERE|BS | £ | S5 | £E &
Em S = 3.5 3.5 == S g § R g%
z g ES|EZ|E5 (28|22 = | 858|593
£3 ES|5z2|52|55|58|£2 |s5%2|58¢
State =& [No. [ %" [No. [ %" [No. |[%* |[ZzR |20 |20 [ga |z3 | & |&S | &35
Connecticut 121 103| 85.1| 15| 124 3] 2.5 28 57 6 1 64| 215 29.8 29.3
Maine - - - - -] —1 — — — — — —11,675 0.0 0.0
Massachusetts 127 64| 50.4 38] 29.9] 25]19.7 — 33 11 3 47| 270 17.4 16.3
New Hampshire 4 41100.0] —| 0.0 —] 0.0 — 4 2 — 6| 283 2.1 2.1
Rhode Island 18 11| 61.1 6] 33.3 1] 5.6 — 10 2 1 13 56 23.2 21.4
Vermont 5|1 —] 0.0 51100.0] —[ 0.0 — 5 6 — 11| 375 2.9 2.9
Region 1° 2751 182] 66.2] 64| 23.3| 29| 10.5 28 97 23 5 12512,764 4.5 43

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.
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Region 1: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-9. Region 1: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.
Percent of
Number of Sampling Stations Sampling
Cataloging Stations in Tier
Unit Number | Cataloging Unit Name State(s)" Total Tier 1 Tier 2 Tier 3 1 or Tier 2
01080205 Lower Connecticut CT, MA 19 17 2 0 100
01090001 Charles MA 69 38 20 11 84
01090004 Narragansett MA, RI 14 12 1 1 93
01100004 Quinnipiac CT 13 12 1 0 100
01100005 Housatonic CT, MA, NY 24 22 0 2 92
01100006 Saugatuck CT, (NY) 19 18 1 0 100
01100007 Long Island Sound CT,NY 31 23 7 1 97
h 02020003 Hudson-Hoosic NY, MA, (VT) 163 155 8 0 100
02030202 Southern Long Island NY, CT, NJ 85 47 21 17 80
z * No data were available for states listed in parentheses.
L
E Table 3-10. Region 1: Number of Tier 1 Stations in Region 1 That Are Located in Watersheds
Containing APCs by Waterbody Name.
: Number of Number of
Tier 1 Tier 1
U Waterbody Stations Waterbody Stations
o Boston Bay 24 Conanicut Island 1
Long Island Sound 15 Green River 1
n Atlantic Ocean 13 Hoosic River 1
Connecticut River 11 Ipswich River 1
m Housatonic River 11 Konkapot River 1
> Quinnipiac River 5 Mattabesset River 1
— Boston Harbor And Mystic River Area 4 Muddy River 1
Naugatuck River 4 Neponset River 1
: Taunton River 3 Norwalk River 1
u Woonasquatucket River 3 Rhode Island 1
m Hockanum River 2 Rippowan River 1
Narragansett Bay 2 Saugatuck Reservoir 1
q Pawtuxet River 2 Saugus River 1
Scanite River 2 Shepaug River 1
¢ Bantam River 1 Still River 1
n Coginchaug River 1 Windsor Brook 1
L
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National Sediment Quality Survey

EPA Region 2

New Jersey, New York, Puerto Rico

EPA evaluated 1,255 sampling stations in Region 2 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 546 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 327 stations, placing them in Tier 2. For human health, data for 834 sampling stations indicated
probable association with adverse effects (Tier 1), and 193 data for sampling stations indicated possible
adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 901 sampling stations
(71.8 percent) as Tier 1, 228 (18.2 percent) as Tier 2, and 126 (10.0 percent) as Tier 3. The NSI database
sampling stations in Region 2 were located in 364 separate river reaches, or 19.7 percent of all reaches in
the region. About 11.8 percent of all river reaches in Region 2 included at least one Tier 1 station, 5.5
percent included at least one Tier 2 station but no Tier 1 stations, and 2.4 percent had only Tier 3 stations
(Table 3-11). Table 3-12 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 17 watersheds containing APCs out of the 71 watersheds (23.9 percent) in
Region 2 (Table 3-11). In addition, 49.3 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 4.2 percent had at least one Tier 2 station
but no Tier 1 stations, and 4.2 percent had only Tier 3 stations; 18.3 percent of the watersheds did not
include a sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2
sampling stations in Region 2 are illustrated in Figure 3-9.

Within the 17 watersheds in Region identified as containing APCs (Table 3-13), 76 waterbodies have at
least 1 Tier 1 sampling station and 13 waterbodies have 10 or more Tier 1 sampling stations (Table 3-14).
For those watersheds that contain APCs, Table 3-14 presents a list of all waterbodies that contain one or
more Tier 1 sampling stations. Based on the information in Table 3-14, Hudson River, Passaic River,
Long Island Sound, Newark Bay, Upper New York Bay, Jamaica Bay, Staten Island, Hackensack River,
Atlantic Ocean, Mohawk River, Sandy Hook Bay, Rockaway River, and Upper Bay appear to have the
most significant sediment contamination in Region 2.

Table 3-11. Region 2: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 1,845 Total Number of Watersheds 71
River Reaches With at Least One 217 (11.8%) | Watersheds Containing APCs 17 (23.9%)
Tier 1 Station Watersheds With at Least One Tier 1 Station | 35 (49.3%)
River Reaches With at Least One 102 (5.5%) | Watersheds With at Least One Tier 2 Station 3 (4.2%)
Tier 2 Station and Zero Tier 1 and Zero Tier 1 Stations
Stations
River Reaches With All Tier 3 45 (2.4%) Watersheds With All Tier 3 Stations 3 (4.2%)
Stations
River Reaches With No Data 1,481 (80.3%) | Watersheds With No Data 13 (18.3%)
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Table 3-12. Region 2: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
= 53 5
S E £: H = =
2 % = L2 2.3 =
Tier 1 Tier 2 Tier 3 z ol I A E & 2l sgs E
= = 28| a3 @ & Q= ]
- 2 S el TE ]| =e s 5 S = = -
S s S | R RE | <2 | &8 £ T ¢ ST S
52 S | =E|l=sE| =2 28 % =<3 S 3=
2= e |E2|Ee|EF|[ &2 | £ | <52 | £E 8
EQ sz |2S|z8|lz=s|%e| B |cSs | s
=, 9 -qi v = » = > = £ 3 2 = = 8 g«
z g ZE 22|22 |25 202|552 | 50
£3 E5 |Ez| 52|58 52| £ | 522 | 2&F
State =& |No.| %" | No. | %" [No.| %" | z=R | 2O | O | 2&x | z = fxO | £33
New Jersey 49213411 69.3| 102] 20.7] 49| 10.0 62 45 21 128 304 42.1 35.2
New York 753|556] 73.8] 120] 15.9| 77| 10.2 31 166 57 24 24711,562 15.8 14.3
Puerto Rico 10| 4| 40.0 6| 60.0f —| 0.0 10 — — — — — — —
Region 2° 1,255(901] 71.8] 228] 18.2|126] 10.0 13] 217 102 45 364(1,845 19.7 17.3

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.
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Figure 3-9. Region 2: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-13. Region 2: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.

Percent of

Number of Sampling Stations Sampling
Cataloging Stations in Tier

Unit Number | Cataloging Unit Name State(s)" Total Tier 1 Tier 2 Tier 3 1 or Tier 2
01100005 Housatonic CT, MA, NY 24 22 0 2 92
01100007 Long Island Sound CT,NY 31 23 7 1 97
02020003 Hudson-Hoosic NY, MA, (VT) 163 155 8 0 100
02020004 Mohawk NY 43 32 7 4 91
02020006 Middle Hudson NY, (MA) 76 55 13 8 89
02020008 Hudson-Wappinger NY 40 34 0 100
02030101 Lower Hudson NJ, NY, (CT) 68 60 6 91
02030102 Bronx NY 27 26 1 96
02030103 Hackensack-Passaic NJ, NY 172 149 20 3 98
02030104 Sandy Hook-Staten Island |NJ, NY 194 155 31 8 96
02030105 Raritan NJ 30 15 9 6 80
02030201 Northern Long Island NY 75 62 9 4 95
02030202 Southern Long Island NY, CT, NJ 85 47 21 17 80
02040202 Lower Delaware NJ, PA 26 11 15 0 100
02040205 Brandywine-Christina DE, PA, NJ, 220 109 67 44 80

(MD)

04120101 Chautauqua-Conneaut NY, OH, PA 16 13 2 1 94
04140201 Seneca NY 20 11 4 5 75

* No data were available for states listed in parentheses.

Table 3-14. Region 2: Number of Tier 1 Stations in Region 2 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of
Tier 1 Number of
Waterbody Stations Waterbody Tier 1 Stations
Hudson River 266 Beden Brook 1
Passaic River 111 Big Timber Creek, South Fork 1
Long Island Sound 74 Black Creek 1
Newark Bay 62 Canajoharie Creek 1
Upper New York Bay 36 Canopus Creek 1
Jamaica Bay 31 Cayadutta Creek 1
Staten Island 24 Cincinnati Creek 1
Hackensack River 17 Claverack Creek 1
Atlantic Ocean 16 Clyde River 1
Mohawk River 12 Cranbury Brook 1
Sandy Hook Bay 12 East Bay 1
Rockaway River 11 East Canada Creek 1
Upper Bay 10 Esopus Creek 1

3-28




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

National Sediment Quality Survey

Table 3-14. (Continued).

Number of Number of
Tier 1 Tier 1
Waterbody Stations Waterbody Stations
East River 9 Fall Creek 1
Sauquoit Creek Flint Creek
Valatie Kill Great Peconic Bay
Arthur Kill Hohohus Brook
Lower Bay Lake Erie, US Shore
Ninemile Creek Little Peconic Bay
Delaware River Manalapan Brook
Rahway River Mud Creek
Saddle River Neshanic River

Smithtown Bay Onesquethaw Creek

9 1
7 1
6 1
6 1
5 1
4 1
4 1
4 1
4 1
Green Brook 3 Oriskany Creek 1
Hoosic River 3 Pennsauken Creek 1
Onondaga Lake 3 Pompton Creek 1
Raritan River 3 Ramapo River 1
Batten Kill 2 Raritan River, North Branch 1
Croton River 2 Raritan River, South Branch 1
Lisha Kill 2 Repaupo Creek 1
Millstone River 2 Seneca River 1
Normans Kill 2 Silver Creek 1
Onondaga Creek 2 Stony Brook 1
Raritan Bay 2 Swamp River 1
Vloman Kill 2 Walnut Creek 1
Walloomsac River 2 Wanaque Reservoir 1
Whippany River 2 Wappinger Creek 1
Amawalk Reservoir 1 Woodbury Creek 1

EPA Region 3

Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, West Virginia

EPA evaluated 2,428 sampling stations in Region 3 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 405 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 836 stations, placing them in Tier 2. For human health, data for 458 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 363 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 714
sampling stations (29.4 percent) as Tier 1, 809 (33.3 percent) as Tier 2, and 905 (37.3 percent) as Tier 3.
The NSI database sampling stations in Region 3 were located in 999 separate river reaches, or 29.5
percent of all reaches in the region. About 11.4 percent of all river reaches in Region 3 included at least
one Tier 1 station, 9.2 percent included at least one Tier 2 station but no Tier 1 stations, and 8.9 percent
had only Tier 3 stations (Table 3-15). Table 3-16 presents a summary of sampling station classification
and evaluation of river reaches for each state and for the region as a whole.
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Table 3-15. Region 3: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 3,388 Total Number of Watersheds 126
River Reaches With at Least One 385 (11.4%) Watersheds Containing APCs 7 (5.6%)
Tier 1 Station Watersheds With 96 (76.2%)

at Least One Tier

1 Station
River Reaches With at Least One 313 (9.2%) Watersheds With at Least One Tier 11 (8.7%)
Tier 2 Station and Zero Tier 1 2 Station and Zero Tier 1 Stations
Stations
River Reaches With All Tier 3 301 (8.9%) Watersheds With All Tier 3 4 (3.2%)
Stations Stations
River Reaches With No Data 2,389 (70.5%) | Watersheds With No Data 8 (6.3%)

Table 3-16. Region 3: Evaluation Results for Sampling Stations and River Reaches by State.

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.

E Station Evaluation River Reach Evaluation®
o Tier 1 Tier 2 Tier 3 . =
S R 5
= ﬁ g g = £ 5
(] 22 13- | 3% =2 5| 2232
3 x| S5 25| | 852|582 |3
3 g £e | 5E |5 |20 S| = | £2F | €55
5 2 8= sE | sE8|=s2| 28 4 =& So=E
[y 5% sz | EC|EC|EF| 23| £ |25 | 285
ERQ g |28 (28|25 | 3| s8] %2
7 - D » = » = @® w»n L ~— = -
- Z g Ec | 22|25 |fg| k|2 g5 |52
£3% ES | 52 |sz|s5|Eg| £ | 22| 2%
H State =& |No.| %" | No. | %" [No.| %" | z = O |20 | 2xn| z 2 = ExO | &35
: Delaware 234[112]47.9] 74| 31.6] 48] 205 — 13 15 4 32 o1 352 30.8
District of 6] 2[333] 3|s00] 1]16.7 — 6 2 s[ 16 50.0 50.0
u Columbia
u Maryland 290]125] 43.1] 106] 36.6] 59] 20.3 44 o1 52| 15| 128] 440 29.1 25.7
Pennsylvania 216[121] 56.01 43] 19.9] 52| 24.1 — 94 21 25 1401 710 19.7 16.2
q Virginia 1,577]313[ 19.8] 556] 35.3]708] 44.9 59 204 227] 252 683]1,330 51.4 324
West Virginia | 105]| 41]39.0] 27| 25.7| 37| 35.2 — 471 271 12 861,000 8.6 74
¢ Region 3° 2,428|714[ 29.4] 809] 33.3]905] 37.3] 103| 385] 313 301| 999[3,388 29.5 20.6
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This evaluation identified 7 watersheds containing areas of APCs out of the 126 watersheds (5.6 percent)
in Region 3 (Table 3-15). In addition, 76.2 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 8.7 percent had at least one Tier 2 station
but no Tier 1 stations, and 3.2 percent had only Tier 3 stations; 6.3 percent of the watersheds did not
include a sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2
sampling stations in Region 3 are illustrated in Figure 3-10A.

Within the 7 watersheds in Region 3 identified as containing APCs (Table 3-17), 25 waterbodies have at
least 1 Tier 1 sampling station; 7 waterbodies have 10 or more Tier 1 sampling stations (Table 3-18). For
those watersheds that contain APCs, Table 3-18 presents a list of all waterbodies that contain one or more
Tier 1 sampling stations. Based on the information in Table 3-18, Christina River, Severn River, South
River, Curtis Bay, Pamunkey River, Red Clay Creek, and Lake Erie shoreline appear to have the most
significant sediment contamination in Region 3.

In 1993, EPA and its state partners in the Chesapeake Bay Program designed three toxics Regions of
Concern in the entire 64,000 square mile Bay watershed, due to contaminated sediment. These areas
were, and still are: the Elizabeth River, Baltimore Harbor and the Anacostia River. These designations
have led to the creation and implementation of Regional Action Plans to address contamination in these
areas. In 1999, the Chesapeake Bay Program published a characterization of the chemical contaminant
effects on living resources in the tidal rivers of the Chesapeake Bay (Figure 3-10B) entitled Targeting
Toxics: A Characterization Report. A Tool for Directing Management and Monitoring Actions in the
Chesapeake Bay'’s Tidal Rivers. This characterization offers a more detailed picture of chemical
contaminant problems in individual tidal rivers of the Chesapeake Bay watershed. This report, once again,
confirmed the three Regions of Concern. However, in the National Sediment Quality Survey, the
Anacostia River and the Elizabeth River were not singled out as Areas of Probable Concern because the
larger watersheds containing these rivers did not have a sufficient number of contaminated areas overall
to result in these watersheds being designated as Areas of Probable Concern (i.e., the percent of Tier 1
and 2 stations in the larger watersheds is less than 75%).

An additional 10 tidal areas were identified by the Chesapeake Bay Program as rivers with potential for
adverse effects: Middle River (MD), Back River (MD), Magothy River (MD), Severn River (MD), the
upper and middle Patuxent River (MD), upper and middle Potomac River (MD), Chester River (MD), and
the lower James River (VA). These areas are not as contaminated as the three Regions of Concern, but
deserve management attention. Although the Severn River watershed was designated as containing an
Area of Probable Concern in the National Sediment Quality Survey, the Chesapeake Bay Program has a
finer level of characterization, which distinguishes between highly contaminated sites like the Patapsco
River and areas that have a lesser degree of contamination like the Severn River.

The York watershed (VA) was also classified as containing an Area of Probable Concern in this National
Sediment Quality Survey. This designation is based primarily on a localized area at the mouth of the York
River. The Chesapeake Bay Program also found localized contamination in this area, but, overall
considered the data insufficient to characterize the entire river as having the potential for adverse effects.
The Chesapeake Bay Program is working to fill data gaps in the tidal York River in order to further
characterize it in the future.

The Chesapeake Bay Program Toxics Characterization will be further refined and updated in 2005. All
data generated for this effort will be added to the National Sediment Quality Survey.

3-31



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

(453

+
(e]

Tier 1
Tier 2

. |APC

Figure 3-10A. Region 3: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-17. Region 3: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.

Percent of

Number of Sampling Stations Sampling
Cataloging Stations in Tier

Unit Number | Cataloging Unit Name State(s)” Total Tier 1 Tier 2 Tier 3 1 or Tier 2
02040202 Lower Delaware NJ, PA 26 11 15 0 100
02040205 Brandywine-Christina  |DE, (MD), PA, NJ 220 109 67 44 80
02060003 Gunpowder-Patapsco MD, (PA) 32 22 8 2 94
02060004 Severn MD 72 48 20 4 94
02080107 York VA 67 16 35 16 76
04120101 Chautauqua-Conneaut [NY, OH, PA 16 13 2 1 94
06010205 Upper Clinch TN, VA 27 10 11 6 78

? No data were available for states listed in parentheses.

Table 3-18. Region 3: Number of Tier 1 Stations in Region 3 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of Number of

Tier 1 Tier 1
Waterbody Stations Waterbody Stations
Christina River 82 Delaware River 3
Severn River 24 Queen Creek 3
South River 19 Bush River 2
Curtis Bay 13 Chesapeake-Delaware Canal 2
Pamunkey River 11 York River 2
Red Clay Creek 11 Clinch River, Corder Branch 1
Lake Erie, US Shore 10 Clinch River, North Fork 1
White Clay Creek 7 Darby Creek 1
Brandywine Creek 6 Guest River 1
Magothy River 5 Mudlick Creek 1
Black River 4 Stock Creek 1
Chesapeake Bay 3 White Clay Creek, East Branch 1
Clinch River 3
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Status of Chemical Contaminant Effects on Living Resources
in the Chesapeake Bay's Tidal Rivers
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Figure 3-10B. Status of Chemical Contaminant Effects on Living Resources in the
Chesapeake Bay’s Tidal Rivers. Source: Targeting Toxics: A Characterization Report.
A Tool for Directing Management and Monitoring Actions in the Chesapeake Bay’s
Tidal Rivers.
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EPA Region 4

Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee

EPA evaluated 2,874 sampling stations in Region 4 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 437 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects were
found at 918 stations, placing them in Tier 2. For human health, data for 623 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 762 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 841
sampling stations (29.3 percent) as Tier 1, 1,022 (35.6 percent) as Tier 2, and 1,011 (35.2 percent) as
Tier 13. The NSI database sampling stations in Region 4 were located in 1,206 separate river reaches, or
12 percent of all reaches in the region. About 4.4 percent of all river reaches in Region 4 included at least
one Tier 1 station, 4.6 percent included at least one Tier 2 station but no Tier 1 stations, and 3.0 percent
had only Tier 3 stations (Table 3-19). Table 3-20 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 13 watersheds containing APCs out of the 307 watersheds (4.2 percent) in
Region 4 (Table 3-19). In addition, 46.3 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 18.6 percent had at least one Tier 2 station
but no Tier 1 stations, and 8.1 percent had only Tier 3 stations; 22.8 percent of the watersheds did not
include a sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2
sampling stations in Region 4 are illustrated in Figure 3-11.

Within the 13 watersheds in Region 4 identified as containing APCs (Table 3-21), 50 waterbodies have at
least 1 Tier 1 sampling station and 12 waterbodies have 10 or more Tier 1 sampling stations (Table 3-22).
For those watersheds that contain APCs, Table 3-22 presents a list of all waterbodies that contain one or
more Tier 1 sampling stations. Based on the information in Table 3-22, Cooper River, Ashley River,
Hillsborough Bay, Big Sunflower River, Black Bayou, Tennessee River, Pensacola Bay, Savannah River,
Mobile Bay, Chattahoochee River, Turtle River, and Tampa Bay appear to have the most significant
sediment contamination in Region 4.

Table 3-19. Region 4: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 10,078 Total Number of Watersheds 307
River Reaches With at Least One Tier 444 (4.4%) Watersheds Containing APCs 13 (4.2%)
1 Station Watersheds With at Least One Tier 1 Station 142 (46.3%)
River Reaches With at Least One Tier 461 (4.6%) Watersheds With at Least One Tier 2 Station 57 (18.6%)
2 Station and Zero Tier 1 Stations and Zero Tier 1 Stations
River Reaches With All Tier 3 Stations 301 (3.0%) Watersheds With All Tier 3 Stations 25 (8.1%)
River Reaches With No Data 8,872 (88.0%) | Watersheds With No Data 70 (22.8%)
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Table 3-20. Region 4: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
= =% -
Tier 1 Tier 2 Tier3 | _ & = § = |= =2
z E 2| %% E3E '§n E 2 g =
& A g2 £ [8SE|%
% g S| sE|sE |28 = |€2F |5~ ¢
5 =2 S| g E|l=sE|l=s2)| 2% 2 =“®m| 3=
23 nx|EC B2 | ER |25 £ [Zs:|[=2E&
EQ sz|22|28|5e 5| § |sE8|5e2
2 52| 8333|8258 & |g%25|<8¢9
Z 22|22 |25 | 25|25 £ |555|5Ss
£S ES|s2|s2|s5|E58| & |5%z2|c8F
State =@ [No. [ %" |No. [ %" [No. | %" |zE2 |Ro |xC | xxn |z 3 E |~AEO|&25
Alabama 173] 56| 32.4] 55| 31.8] 62] 35.8 — 42 28 36| 106 1,592 6.7 4.4
Florida 1,157 270 23.3] 346| 29.9| 541| 46.8 15 86 96 75 257 888 28.9 20.5
Georgia 263| 115 43.7| 117| 44.5] 31| 11.8 — 95 57 271 179 1,707 10.5 8.9
Kentucky 63| 24| 38.1 271 42.9 12] 19.0 — 31 30 18 79| 1,276 6.2 4.8
h Mississippi 187 97| 51.9] 52] 27.8] 38| 20.3 — 35 13 13 61 995 6.1 4.8
z North Carolina 291 33| 11.3] 150 51.5] 108{ 37.1 — 35| 109 571 201 1,456 13.8 9.9
South Carolina 5761 169] 29.3| 218| 37.8] 189| 32.8 — 100 109 741 283 1,110 25.5 18.8
m Tennessee 164 77| 47.01 57| 34.8] 30| 18.3 — 59 45 19] 123 1,490 8.3 7.0
E Region 4° 2,874| 841| 29.3]1,022| 35.6[1,011] 35.2 15| 444 461 301]1,206] 10,078 12.0 9.0
* River reaches based on EPA River Reach File (RF1).
® Percent of all stations evaluated in the NSI in the state.
: ¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.
4 No stations in these reaches were included in Tier 1.
u’ ¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
o in the states.
n Table 3-21. Region 4: Watersheds Containing Areas of Probable Concern for Sediment
Contamination.
m Percent of
Number of Sampling Stations San.lplm.g
> Stations in
Cataloging Tier 1 or
H Unit Number | Cataloging Unit Name State(s)” Total Tier 1 Tier 2 Tier 3 Tier 2
: 03050201 Cooper sC 105 52 30 23 78
03050202 South Carolina Coastal SC 60 33 18 9 85
u 03060109 Lower Savannah GA, SC 68 20 45 3 96
u 03070203 Cumberland-St. Simons ~ |GA 30 19 8 3 90
03100206 Tampa Bay FL 70 41 18 11 84
q 03130002 Middle Chattahoochee- AL, GA 26 21 4 1 96
Lake Harding
ﬁ 03140105 Pensacola Bay FL 59 20 25 14 76
03160205 Mobile Bay AL 31 17 14 0 100
n 06010201 Watts Bar Lake TN 19 16 3 0 100
Ll 06010205 | Upper Clinch TN, VA 27 10 11 6 78
06020001 Middle Tennessee- GA, TN, (AL) 33 15 12 6 82
m Chickamauga
08030207 Big Sunflower MS 38 38 0 0 100
: 08030209 Deer-Steele MS, (LA) 24 23 1 0 100

* No data were available for states listed in parentheses.
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Figure 3-11. Region 4: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-22. Region 4: Number of Tier 1 Stations in Region 4 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of Number of
Tier 1 Tier 1
Waterbody Stations Waterbody Stations
Cooper River 45 Back River 1
Ashley River 28 Bullfrog Creek 1
Hillsborough Bay 28 Clinch River 1
Big Sunflower River 23 Cooper River, West Branch 1
Black Bayou 18 Cooper River/Charleston Harbor 1
Tennessee River 18 Cumberland River 1
Pensacola Bay 17 Deer Creek 1
Savannah River 17 Dorchester Creek 1
Mobile Bay 15 Fort Loudoun Lake 1
Chattahoochee River 13 Goose Creek 1
Turtle River 13 Hillabatchee Creek 1
Tampa Bay 11 Intracoastal Waterway 1
Watts Bar Lake 8 Jekyll Island 1
Bogue Phalia 7 Lake Harding 1
Little Sunflower River 6 Lake Moultrie 1
Atlantic Ocean 3 Lake Washington 1
Lake Chickamauga 3 Norris Lake 1
Savannah River, South Channel 3 Noses Creek 1
St. Simons Sound 3 Old Tampa Bay 1
Steele Bayou 3 Quiver River 1
Carpenter Creek 2 Santa Rosa Sound 1
Long Cane Creek 2 Silver Creek 1
Muddy Creek 2 St. Simons Island 1
Utoy Creek 2 West Chickamauga Creek 1
Wando River 2 West Pont Lake 1
EPA Region 5

Ilinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin

EPA evaluated 3,185 sampling stations in Region 5 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 606 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 1,052 stations, placing them in Tier 2. For human health, data for 888 sampling stations
indicated probable association with adverse effects (Tier 1), and data for 647 sampling stations indicated
possible association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of
1,146 sampling stations (36.0 percent) as Tier 1, 1,095 (34.4 percent) as Tier 2, and 944 (29.6 percent) as
Tier 3. The NSI database sampling stations in Region 5 were located in 1,249 separate river reaches, or
20.3 percent of all reaches in the region. About 8.6 percent of all river reaches in Region 5 included at
least one Tier 1 station, 6.5 percent included at least one Tier 2 station but no Tier 1 stations, and 5.1
percent had only Tier 3 stations (Table 3-23). Table 3-24 presents a summary of sampling station

classification and evaluation of river reaches for each state and for the region as a whole.
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National Sediment Quality Survey

This evaluation identified 25 watersheds containing APCs out of the 278 watersheds (9.0 percent) in
Region 5 (Table 3-23). In addition, 51.8 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 11.2 percent had at least one Tier 2 station
but no Tier 1 stations, and 6.8 percent had only Tier 3 stations; 21.2 percent of the watersheds did not
include 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 3-12.

Within the 25 watersheds in Region 5 identified as containing APCs (Table 3-25), 83 waterbodies have at
least 1 Tier 1 sampling station and 12 waterbodies have 10 or more Tier 1 sampling stations (Table 3-26).
For those watersheds that contain APCs, Table 3-26 presents a list of all waterbodies that contain one or
more Tier 1 sampling stations. Based on the information in Table 3-26, Mississippi River, Fox River,
Lake Michigan, Illinois River, Chicago Sanitary Ship Canal, Des Plains River, Menominee River, Salt
Creek, White River, Duck Creek, Green River, and Kanakee River appear to have the most significant
sediment contamination in Region 5.

Table 3-23. Region 5: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 6,151 Total Number of Watersheds 278
River Reaches With at Least One Tier 532 (8.6%) Watersheds Containing APCs 25 (9.0%)
1 Station Watersheds With at Least One Tier 1 144 (51.8%)

Station

River Reaches With at Least One Tier 401 (6.5%) Watersheds With at Least One Tier 2 31 (11.2%)
2 Station and Zero Tier 1 Stations Station and Zero Tier 1 Stations
River Reaches With All Tier 3 Stations 316 (5.1%) Watersheds With All Tier 3 Stations 19 (6.8%)
River Reaches With No Data 4,902 (79.7%) Watersheds With No Data 59 (21.2%)

Table 3-24. Region S: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®

5 53 %

Tier 1 Tier 2 Tier3 | E £ 3 g E =

z|37| &% 22| 2 [£:% |2

T Ex =2k 38| 2 g & P 3
5 2 EZ|zE |28 |30 |28 = | 323 |5-¢
52 ES | s8] 58 = .2 ] F =@ | §2<
2 g nzlEes| 2= = K= E 7 = <£c |EE=E
£ HEIEHES R R
z & EE|E2| £ | £ 22| £ | 525 |53
R S5\ 52| 52|35 |5¢| 2 |32 |55%
State =& | No. [%" | No. | %" [No. | %" |z=2 |20 | x2S | 2& |z = fxO0 |35
Illinois 1,370 490| 35.8] 577| 42.1] 303] 22.1 —1 236 181 73| 490 936 52.4 44.6
Indiana 233 130 55.8 74| 31.8] 29| 124 — 73 39 15 127 561 22.6 20.0
Michigan 30 14| 46.7 10| 33.3 6] 20.0 — 12 11 5 28] 1,178 2.4 2.0
Minnesota 339 118] 34.8 38| 11.2] 183] 54.0 — 86 31 105 2221 1,392 15.9 8.4
Ohio 441 71| 16.1| 240| 54.4| 130| 29.5 — 51 99 50 200 1,056 18.9 14.2
Wisconsin 772 323|41.8] 156] 20.2] 293| 38.0 —1 121 65 76| 2621 1,210 21.7 15.4
Region 5° | 3,185] 1,146] 36.0| 1,095| 34.4| 944] 29.6 —| 532 401 316 1,249 6,151 20.3 15.2

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.
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Figure 3-12.

Region 5: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-25. Region 5: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.
Percent of
Number of Sampling Stations Sampling
Cataloging Stations in Tier
Unit Number | Cataloging Unit Name State(s)” Total Tier 1 Tier 2 Tier 3 1 or Tier 2
04030108 Menominee MI, WI 21 18 2 1 95
04030204 Lower Fox WI 26 16 5 81
04040001 Little Calumet-Galien IL, IN, (MI) 24 22 1 96
04040002 Pike-Root IL, WI 60 39 13 8 87
04120101 Chautauqua-Conneaut NY, OH, PA 16 13 2 1 94
05060001 Upper Scioto OH 50 10 32 8 84
05120106 Tippecanoe IN 25 17 3 5 80
h 05120201 Upper White IN 42 23 14 5 88
05120208 Lower East Fork White IN 19 10 1 95
z 07040001 Rush-Vermillion MN, WI 19 10 5 4 79
m 07080101 Copperas-Duck IL, TA 136 99 22 15 89
07090005 Lower Rock IL, (WI) 37 11 20 6 84
E 07090007 Green IL 47 17 24 6 87
07120001 Kankakee IL, IN, (MI) 34 20 10 4 88
: 07120002 Iroquois IL, IN 29 10 18 1 97
U 07120003 Chicago IL, IN 49 34 14 1 98
07120004 Des Plaines IL, WI 81 40 37 4 95
o 07120005 Upper Illinois IL 24 11 12 1 96
a 07120006 Upper Fox IL, WI 81 31 37 13 84
07120007 Lower Fox IL 26 10 13 3 88
07130001 Lower Illinois- IL 12 11 1 0 100
m Senachwine Lake
> 07130003 Lower Illinois-Lake IL 36 16 15 5 86
Chautauqua
| 07130007 | South Fork Sangamon | 1L 16 12 4 0 100
: 07130011 Lower Illinois IL 36 17 14 5 86
07130012 Macoupin 1L 19 10 9 0 100
u * No data were available for states listed in parentheses.
(a8
i
7))
=
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Table 3-26. Region 5: Number of Tier 1 Stations in Region 5 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of Number of
Waterbody Tier 1 Stations Waterbody Tier 1 Stations
Mississippi River 43 Fall Creek 2
Fox River 38 Honey Creek
Lake Michigan 37 Jackson Creek
Illinois River 34 Lake Calumet
Chicago Sanitary Ship Canal 19 Mckee Creek
Des Plains River 18 Olentangy River
Menominee River 18 Otter Creek
Salt Creek 16 Sandy Creek
White River 16 Sangamon River, South Fork
Duck Creek 15 Ashwaubenon Creek
Green River 15 Blackberry Creek
Kanakee River 15 Buck Creek
Fox Lake 9 Burns Ditch
Wolf Lake Cicero Creek
Little Calumet River Du Page River, East Branch
Rock River Du Page River, West Branch
Tippecanoe River Eagle Creek
Deeds Creek Exline Slough

Indiana Harbor Canal

Kent Creek, North Fork

Macoupin Creek

Kyte River

Mill Creek

Lake Muskego

Beaver Creek

Lake Springfield

Chicago River, North Branch

Leatherwood Creek

Hodges Creek

Macoupin Creek, Dry Fork

Iroquois River

Mauvaise Terre Creek

Lake Chautauqua

Mauvaise Terre Lake

Mazoon River

Mazon River, West Fork

Root River Mud Creek
Sangchris Lake Pewaukee Lake
Scioto River Pike River
Yellow Creek Pipe Creek

Calumet River

Portage-Burns Waterway

Calumet Sag Channel

Prairie Creek

=] ===~ ]=]|~=|~]|~=]~]~]~]~]|=]|~|~]|~=]~]~=]~]|~]|~=]|~|~=]|~]|~<]~]~]~]|=]|~]|]]o]o]o]o]N]| o

NS} [ \S) I \O} LUSY JUV] RUSY LUS) RUSH RUSH RUSY RUSY [ o [ N BN B B B B B R B R K=Y BN B RN el

Du Page River Rock Creek

Horse Creek Somonauk Creek
Indian Creek Spring Creek

Lake Taylorsville Sugar Run

Sugar Creek Trim Creek

White River, East Fork Vermillion River
Apple Creek West Bureau Creek
Chicago Ship Canal White Lick Creek
Elkhorn Creek
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EPA Region 6

Arkansas, Louisiana, New Mexico, Oklahoma, Texas

EPA evaluated 1,489 sampling stations in Region 6 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 187 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 394 stations, placing them in Tier 2. For human health, data for 330 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 209 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 425
sampling stations (28.5 percent) as Tier 1, 392 (26.3 percent) as Tier 2, and 672 (45.1 percent) as Tier 3.
The NSI database sampling stations in Region 6 were located in 737 separate river reaches, or 9.7 percent
of all reaches in the region. Three percent of all river reaches in Region 6 included at least one Tier 1
station, 2.9 percent included at least one Tier 2 station but no Tier 1 stations, and 3.8 percent had only
Tier 3 stations (Table 3-27). Table 3-28 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 4 watersheds containing APCs out of the 402 watersheds (1.0 percent) in
Region 6 (Table 3-27). In addition, 29.1 percent of all watersheds in the region had at least one Tier 1
sampling station but were not identified as containing APCs, 17.2 percent had at least one Tier 2 station
but no Tier 1 stations, and 10.9 percent had only Tier 3 stations; 41.8 percent of the watersheds did not
include a sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2
sampling stations in Region 6 are illustrated in Figure 3-13.

Within the 4 watersheds in Region 6 identified as containing APCs (Table 3-29), 17 waterbodies have at
least 1 Tier 1 sampling station and 3 waterbodies have 10 or more Tier 1 sampling stations (Table 3-30).
For those watersheds that contain APCs, Table 3-30 presents a list of all waterbodies that contain one or
more Tier 1 sampling stations. Based on the information in Table 3-30, the Mississippi River, the
Colorado River, and Mountain Creek Lake appear to have the most significant sediment contamination in
Region 6.

Although the Buffalo-San Jacinto watershed was not designated as containing an APC, a study of the
Houston Ship Channel, its tributaries and side bays yielded useful data to characterize sediment quality
(ENSR, 1995). The study found elevated levels of several contaminants and significant toxicity at several
sites, including Patrick Bayou, which recently has been added to the National Priorities List (NPL). Other
unpublished data collected primarily by the Superfund Program in Lavaca Bay, Texas (mercury) and
Calcasieu Estuary, Louisiana (both priority pollutant organics and metals) demonstrates both sediment
contamination and bioaccumulation is occurring in these watersheds.

Table 3-27. Region 6: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 7,577 Total Number of Watersheds 402
River Reaches With at Least One 226 (3.0%) Watersheds Containing APCs 4 (1.0%)
Tier 1 Station Watersheds With at Least One Tier 117 (29.1%)

1 Station

River Reaches With at Least One 222 (2.9%) Watersheds With at Least One Tier 69 (17.2%)
Tier 2 Station and Zero Tier 1 2 Station and Zero Tier 1 Stations
Stations
River Reaches With All Tier 3 289 (3.8%) Watersheds With All Tier 3 44 (10.9%)
Stations Stations
River Reaches With No Data 6,840 (90.3%) | Watersheds With No Data 168 (41.8%)
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Table 3-28. Region 6: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
Tier 1 Tier 2 Tier 3 =
:: ; P -
[ - «
= 3 g E = £ =
22 i- | 3= HE NP
w» P @ »
<3 E2 | 22|28z | 25| 2 |532) 5.
S = s = iy iy < = g e g [~ Q 5
5 £ S = =E |=sE| =2 ] 2 =@l $e<E
23 2e | EC|EZ| EE | 22 £ |<f=|=2E8
= S | B |35 % g |s22|=g2
z 2 5 | 55 88| g2 | 50 g |g=8|=2c%
- 5 2z = w s ®n = 2 2 - - g en| g2
S5 | |3z| G2 5% Eo|fsz|iic
State =& [No.| %" |No.| %" [No.| %" | z= | O | €S | 2&a | z = = |AaO| &35
Arkansas 341 13]38.2] 15| 44.1| 6]17.6 — 18 15 5 38 883 43 3.7
Louisiana 396|128 32.3] 97| 24.5|171|43.2 — 38 40 40 118 886 13.3 8.8
New Mexico 167] 10| 6.0| 48| 28.7]109]65.3 — 11 37 44 92 941 9.8 5.1
Oklahoma 292 69]23.6| 47| 16.1]1176]60.3 — 44 40 110 194| 1,363 14.2 6.2
Texas 600]205] 34.21185] 30.8]210]35.0 — 128| 102 103 333| 3,734 8.9 6.2
Region 6° 1,4891425]28.5{392| 26.3]1672]45.1 — 226 222 289 7371 7,577 9.7 5.9

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.

Table 3-29. Region 6: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.

Percent of

Number of Sampling Stations San.lplm.g
Stations in
Cataloging Tier 1 or

Unit Number Cataloging Unit Name State(s) Total Tier 1 Tier 2 Tier 3 Tier 2
08090100 Lower Mississippi-New Orleans | LA 34 28 0 100
11070209 Lower Neosho AR, OK 20 11 5 4 80
12030102 Lower West Fork Trinity X 31 19 10 2 94
12090205 Austin-Travis Lakes TX 22 16 4 2 91
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Figure 3-13. Region 6: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-30. Region 6: Number of Tier 1 Stations in Region 6 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of Number of
Tier 1 Tier 1
Waterbody Stations Waterbody Stations
Mississippi River 22 Barton Creek 1
Colorado River 14 East Bay 1
Mountain Creek Lake 11 Lake Austin 1
Neosho River 5 Lake Hudson 1
Trinity River, West Fork 4 Mississippi River, Pass Loutre 1
Gulf Of Mexico 3 Mississippi River, SW Pass 1
Pryor Creek 3 Mountain Creek 1
Big Fossile Creek 2 Rush Creek 1
Fort Gibson Lake 2
EPA Region 7

Iowa, Kansas, Missouri, Nebraska

EPA evaluated 583 sampling stations in Region 7 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 73 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 165 stations, placing them in Tier 2. For human health, data for 106 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 125 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 134
sampling stations (23.0 percent) as Tier 1, 239 (41.0 percent) as Tier 2, and 210 (36.0 percent) as Tier 3.
The NSI database sampling stations in Region 7 were located in 391 separate river reaches, or 8 percent
of all reaches in the region. About 1.9 percent of all river reaches in Region 7 included at least one Tier 1
station, 3.3 percent included at least one Tier 2 station but no Tier 1 stations, and 2.8 percent had only
Tier 3 stations (Table 3-31). Table 3-32 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 1 watershed containing APCs out of the 238 watersheds (0.4 percent) in Region
7 (Table 3-31). In addition, 25.2 percent of all watersheds in the region had at least one Tier 1 sampling
station but were not identified as containing APCs, 30.3 percent had at least one Tier 2 station but no Tier
1 stations, and 12.2 percent had only Tier 3 stations; 31.9 percent of the watersheds did not include a
sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2 sampling
stations in Region 7 are illustrated in Figure 3-14.

Within the one watershed in Region 7 identified as containing APCs (Table 3-33), 2 waterbodies have at
least 1 Tier 1 sampling station and 1 waterbody has 10 or more Tier 1 sampling stations (Table 3-34). For
those watersheds that contain APCs, Table 3-34 presents a list of all waterbodies that contain one or more
Tier 1 sampling stations. Based on the information in Table 3-34, the Mississippi River appears to have
the most significant sediment contamination in Region 7.
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Table 3-31. Region 7: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 4915 Total Number of Watersheds 238
River Reaches With at Least One Tier 1 94 (1.9%) Watersheds Containing APCs 1 (0.4%)
Station Watersheds With at Least One Tier 1 Station 60 (25.2%)
River Reaches With at Least One Tier 2 161 (3.3%) Watersheds With at Least One Tier 2 Station 72 (30.3%)
Station and Zero Tier 1 Stations and Zero Tier 1 Stations
River Reaches With All Tier 3 Stations 136 (2.8%) Watersheds With All Tier 3 Stations 29 (12.2%)
River Reaches With No Data 4,524 (92.0%) | Watersheds With No Data 76 (31.9%)

Table 3-32. Region 7: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
) -
Tier 1 Tier 2 Tier 3 E ol ]
- S s = = £ =
=) - - = S 7 =
AR A1 NETEIL
3 EZ| 25|25 = g < [§83| ¢
5 2 $Z|3E |33 | 28| = |25 |5 ¢
52 Ssl=ze|lgE8]| & ] E =@a| §2<
2 2z|lE:=|z2c| 28 | 24 2 |<Ec|xEE
E sc|22|22| 22|35z § |sE2|5:22
z g 222|823 26| 22| 2 |§53| 8¢S
g3 E5|5z2|52| 55| 58| £ |5%2|55%
State =& [No. | %" [No. | %" [No. | %" |Zz=2 | 2O | S | 2& | z = E |fx2S| £35
Towa 113 59| 5221 35/31.0] 19| 16.8] — 24 24 13 61| 1,204 5.1 4.0
Kansas 119 18| 15.1| 53| 44.5] 48| 403 — 16 47 41 104 1,192 8.7 5.3
Missouri 194 40| 20.6] 89| 45.9] 65| 33.5| — 42 42 29 113| 1,403 8.1 6.0
Nebraska 157\ 17| 10.8] 62| 39.5] 78| 49.7| — 18 52 54 124 1,270 9.8 5.5
Region 7° 583| 134| 23.0| 239| 41.0] 210| 36.0f — 94| 161 136 391| 4,915 8.0 5.2

* River reaches based on EPA River Reach File (RF1).

® Percent of all stations evaluated in the NSI in the state.

¢ Stations not identified by an RF1 reach were located in coastal areas, open water areas, or areas where RF1 was not developed.

4 No stations in these reaches were included in Tier 1.

¢ Because some reaches occur in more than one state, the total number of reaches in each category for the country might not equal the sum of reaches
in the states.
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Figure 3-14. Region 7: Location of Sampling Stations Classified as Tier 1 or Tier 2 and Watersheds Containing APCs.
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Table 3-33. Region 7: Watersheds Containing Areas of Probable Concern for Sediment

Contamination.
Percent of
Number of Sampling Stations Sampling
Cataloging Stations in Tier
Unit Number | Cataloging Unit Name State(s) Total Tier 1 Tier 2 Tier 3 1 or Tier 2
07080101 Copperas-Duck IL, IA 136 99 22 15 89

Table 3-34. Region 7: Number of Tier 1 Stations in Region 7 That Are Located in Watersheds
Containing APCs by Waterbody Name.

Number of
Tier 1 Number of
Waterbody Stations Waterbody Tier 1 Stations
Mississippi River 49 Duck Creek 1
EPA Region 8

Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming

EPA evaluated 294 sampling stations in Region 8 as part of the NSI database evaluation. Sediment
contamination associated with probable adverse effects on aquatic life was found at 59 of these sampling
stations, placing them in Tier 1; sediment contamination associated with possible adverse effects was
found at 105 stations, placing them in Tier 2. For human health, data for 26 sampling stations indicated
probable association with adverse effects (Tier 1), and data for 25 sampling stations indicated possible
association with adverse effects (Tier 2). Overall, this evaluation resulted in the classification of 79
sampling stations (26.9 percent) as Tier 1, 95 (32.3 percent) as Tier 2, and 120 (40.8 percent) as Tier 3.
The NSI database sampling stations in Region 8 were located in 204 separate river reaches, or 1.5 percent
of all reaches in the region. Only 0.4 percent of all river reaches in Region 8 included at least one Tier 1
station, 0.6 percent included at least one Tier 2 station but no Tier 1 stations, and 0.5 percent had only
Tier 3 stations (Table 3-35). Table 3-36 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 1 watershed containing APCs out of the 385 watersheds (0.3 percent) in Region
8 (Table 3-35). In addition, 8.8 percent of all watersheds in the region had at least one Tier 1 sampling
station but were not identified as containing APCs, 10.6 percent had at least one Tier 2 station but no Tier
1 stations, and 8.1 percent had only Tier 3 stations; 72.2 percent of the watersheds did not include a
sampling station. The locations of the watersheds containing APCs and the Tier 1 and Tier 2 sampling
stations in Region 8 are illustrated in Figure 3-15.

Within the 1 watershed in Region 8 identified as containing APCs (Table 3-37), 5 waterbodies have at
least 1 Tier 1 sampling station and no waterbodies have 10 or more Tier 1 sampling stations (Table 3-38).
For those watersheds that contain APCs, Table 3-38 presents a list of all waterbodies that contain one or
more Tier 1 sampling stations. Based on the information in Table 3-38, the Blue River appears to have the
most significant sediment contamination in Region 8.
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Table 3-35. Region 8: River Reach and Watershed Evaluation Summary.

River Reach Classification Watershed Classification
Total Number of River Reaches 13,860 Total Number of Watersheds 385
River Reaches With at Least One Tier 1 59 (0.4%) Watersheds Containing APCs 1 (0.3%)
Station Watersheds With at Least One Tier 1 34 (8.8%)

Station

River Reaches With at Least One Tier 2 77 (0.6%) Watersheds With at Least One Tier 2 41 (10.6%)
Station and Zero Tier 1 Stations Station and Zero Tier 1 Stations
River Reaches With All Tier 3 Stations 68 (0.5%) Watersheds With All Tier 3 Stations 31 (8.1%)
River Reaches With No Data 13,656 (98.5%) | Watersheds With No Data 278 (72.2%)

Table 3-36. Region 8: Evaluation Results for Sampling Stations and River Reaches by State.

Station Evaluation River Reach Evaluation®
. . . 5 %3 =
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State =@ |[No.| % |No.| %" |No.|%" | Z2 = | KO | KO | ¥ @ Z 2 = ~ O - B
Colorado 133] 52]39.1| 43| 32.3| 38[28.6 — 36 33 21 90| 2,204 4.1 3.1
Montana 11| —| 0.0 3|27.3| 8|72.7 — — 3 9 12| 5,606 0.2 0.1
North Dakota 331 6]18.2] 16| 48.5] 11(33.3 — 9 14 4 271 1,042 2.6 2.2
South Dakota 321 18]56.3] 6] 18.8] 8[25.0 — 12 4 8 241 1,691 1.4 0.9
Utah 561 2| 3.6] 17| 30.4| 37|66.1 — 2 13 18 331 1,080 3.1 1.4
Wyoming 291 1| 3.4] 10| 34.5| 18|62.1 — 1 13 14 28| 2,474 1.1 0.6
Region 8° 2941 79]26.9| 95| 32.3]1120]40.8 — 59 77 68 2041 13,860 1.5 1.0

* River reaches based on EPA River Reach File (RF1)