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Many Superfund/hazardous chemical sites include waterbodies whose sediments contain hazardous chemicals. With the need to assess, rank, and remediate contaminated sediments at such
sites, as well as in other waterways, regulators seek a simple, quantitative assessment approach
that feeds easily into a decision-making scheme. Numeric, co-occurrence-based “sediment quality guidelines” have emerged with the appearance of administrative simplicity. However, the very
foundation of the co-occurrence approach, based on the total concentrations of a chemical(s) in
sediment, is technically invalid; its application relies on additional technically invalid presumptions. Use of technically invalid evaluation approaches renders any assessment of the significance
of sediment contamination unreliable. This article reviews the technical roots and assumptions of
the co-occurrence-based SQGs, the fundamental flaws in the rationale behind their development
and application, and their misapplication for sediment quality evaluation. It also reviews concepts
and approaches for the more reliable evaluation, ranking, and cleanup assessment of contaminated sediments at Superfund sites and elsewhere. © 2005 Wiley Periodicals, Inc.

INTRODUCTION

Many Superfund/hazardous chemical sites include waterbodies with sediments that
have been contaminated by hazardous or otherwise deleterious chemicals associated
with the site.The complexity of the remediation of these sites is compounded by the
fact that the evaluation of the impacts of sediment-associated contaminants is itself complicated and not amenable to simple appraisal.With the need to assess, rank, and remediate contaminated sediments, an almost reflexive approach to the evaluation and management of contaminated sediment has been the quantification of the concentration of
selected contaminants in the sediment.While chemical analysis is simple, renders numeric data for comparison, and lends itself to easy decision making, it has been long understood that there is no relationship between the total concentrations of chemical contaminants in sediments and toxicity, bioaccumulation, or other adverse impacts.
Nevertheless, in an attempt to make simple chemical analysis useful, some have developed and advanced the use of co-occurrence-based sediment quality guidelines
(SQGs).These are being adopted by state and other regulatory agencies for any number
of purposes, including sediment hot-spot identification and remediation, as well as
Superfund site remediation.This is a source of mounting concern, however, because of
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Use of technically invalid
evaluation
approaches
renders any assessment of
the significance of contamination invalid.

the inherent unreliability and technical invalidity of this approach. Use of technically invalid evaluation approaches renders any assessment of the significance of contamination
invalid. It also renders invalid conclusions regarding the necessity for, specification of the
type of, and assessment of the sufficiency of any proposed or undertaken remediation.
This article reviews the fundamental technical failings of the chemical concentration-based and co-occurrence-based sediment quality guideline approaches for assessing
the potential impact of sediment-associated contaminants. It also reviews an approach
that can be followed to make more technically valid, cost-effective assessments for identification, ranking, remediation, and management of sediment-associated contaminants.
While the focus is largely on the misapplication of this approach for evaluating sediment-associated contaminants at federal and state Superfund sites, the information presented is equally applicable to the evaluation, regulation, and remediation of sedimentassociated contaminants in any situation.
WIDESPREAD PROBLEM
Leah Evison of the U.S. Environmental Protection Agency (US EPA) Office of Emergency
and Remedial Response summarized the magnitude of the problem of contaminated sediments at Superfund sites in a presentation entitled “Contaminated Sediment at Superfund
Sites:What We Know So Far,” at a US EPA and U.S. Army Corps of Engineers (US ACE)
national contaminated sediment workshop (Evison, 2003). Also at that workshop, the
Sediments Team Leader at the US EPA Office of Emergency and Remedial Response presented a discussion entitled “Superfund Cleanup Issues at Contaminated Sediment Sites,”
highlighting the breadth of the problem (Ellis, 2003). In their recent summary of the scope
of the contaminated sediment problem, Bridges et al. (2004) noted that in 1997, the US
EPA concluded that there were 1.2 billion cubic yards of surface sediments in the United
States that “pose potential risks.” They also indicated that there are approximately 350 contaminated sediment sites within Superfund, about 30 of which are “megasites” (> $50 M).
The megasites include Hudson River, New York ($460 M); New Bedford Harbor,
Massachusetts ($361 M); Bayou Bonfouca, Louisiana ($90 M); Marathon Battery, New
York ($84 M);Triana/Tennessee River, Alabama ($80 M); Fox River,Wisconsin ($361 M);
Silver Bow Creek, Montana ($97 M); Commencement Bay,Washington ($197 M); Bunker
Hill (Coeur d’Alene Basin); and Housatonic, MA. Bridges et al. expect that other sites will
be found as investigations continue.
The US EPA Superfund program has established a “Contaminated Sediments in
Superfund” Web site (http://www.epa.gov/superfund/resources/sediment/) that contains
additional information on the magnitude of the contaminated sediment issue at Superfund
sites.The US EPA has also established a Superfund Sediment Resource Center (SSRC)
where information is available on various technical aspects of managing contaminated sediments. Information on the SSRC and links to other Web site information sources (such as
US EPA programs, the US ACE, the National Oceanic and Atmospheric Administration
[NOAA], academia, and consultants) are available at http://www.epa.gov/superfund/
resources/sediment/ssrc_resources.htm.
Given the magnitude and extent of Superfund-associated and non-Superfund sediment contamination in the United States and the costs associated with their remediation,
it is imperative that technically valid assessments be made in the screening of sediments
for determining:
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•
•
•
•

the comparative urgency of attention,
the environmental significance of the sediment-associated contaminants,
the effectiveness of remediation alternatives, and
the sufficiency of remediation accomplished at Superfund and other sites.

“CO-OCCURRENCE”-BASED SQGS
As noted above, it has been understood for decades that there is no relationship between
the total concentrations of chemical contaminants in sediments and toxicity, bioaccumulation, or other adverse impacts that may be caused by those contaminants. Such impacts are
controlled by the aqueous environmental chemistry of chemicals in the aquatic sediments,
which, in turn, is controlled by the physical, chemical, and biological character of the particular sediment/water environment.There is no simple protocol for making a reliable determination of the potential water/environmental quality significance of contaminants associated with sediment. As discussed in a subsequent section, protocols that have proven
reliable require site-specific assessment of the release, behavior, and availability of the sediment-associated contaminants. However, legislative and regulatory imperatives for identifying and ranking contaminated sediment areas and ordering them for remedial attention,
as well as for remediation of Superfund sites, beg for a simple, quantitative assessment approach that feeds easily into a decision-making scheme. An illusion of an easy comparative
quantitation of sediment contamination has been offered by numeric, co-occurrence-based
sediment quality guidelines. Because of its simplicity and ease of application, that approach
has been embraced and advanced by some for evaluation and regulation of sediment-associated contaminants, without regard to its foundation and presumptions that render it
technically invalid for the evaluation or regulation of contaminants in sediments.
Basically, the co-occurrence-based sediment quality guidelines were developed by
examining a group of sediments for biological impact or “effect,” as measured any number of ways without consideration of what conditions or constituents were causing or influencing the effect.The concentrations of a few selected contaminants in those sediments were also measured. For each contaminant considered, the sediments were
ordered by concentration, along with their associated assessments of their effects. In this
ranked order, the lowest concentration of the contaminant in a sediment that had been
identified as having an effect was noted; the concentration of that contaminant being
considered became the basis for a “sediment quality guideline” and presumed to be a
cause for concern in that, as well as any other, sediment. Fundamental but refutable presumptions made are:
•
•
•

An illusion of an easy
comparative quantitation
of sediment contamination has been offered by
numeric, co-occurrencebased sediment quality
guidelines.

There is a causal relationship between the concentration of each constituent considered in a sediment and the water quality effect of that sediment.
The effect reported for each sediment was caused independently by each of the
measured chemical constituents in that sediment.
No other condition(s) or chemical(s) influenced the effect.

Tables of such co-occurrences of chemicals at a given concentration and an effect
developed by Long and Morgan (1990), Long et al. (1995, 1998), and MacDonald et al.
(1992, 2002) have formed the foundation of what are termed “co-occurrence approaches” for sediment quality evaluation.
© 2005 Wiley Periodicals, Inc.
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No consideration was
given to many of the
common chemicals and
conditions that are, in
fact, well understood to
cause sediment toxicity.

In regulatory applications, co-occurrence information has been used, albeit incorrectly, to establish various “effects threshold” values based on statistical manipulation.
Examples of co-occurrence applications are the Apparent Effects Threshold (AET); the
Effects Range Low (ER-L) and Effects Range Median (ER-M) values developed from
Long and Morgan’s (1990) data presentation; the Probable Effects Level (PEL) values
derived from MacDonald et al.’s (1992, 2002) co-occurrence compilations; and
NOAA Screening Quick Reference Tables (SQuiRT) values. If a sediment contains a
chemical in concentrations above the AET, ER-M, PEL, or similar value, the sediment
is considered by some regulators or in proposed regulations to be polluted, triggering
special consideration such as remediation, alternative methods of dredged sediment
disposal, or additional control of discharges to the waterbody of the chemical that can
accumulate in sediments.
SUMMARY OF TECHNICAL DEFICIENCIES

Failure to Consider Cause and Effect
As discussed by Lee and Jones-Lee (1993, 1996b, 2004), in the development of cooccurrence-based SQGs, no consideration has been given to the actual cause of the
effect reported for any particular sediment. Independent of the cause of the biological response, the same degree of response was attributed to (co-occurred with) the
concentration of each individual chemical constituent measured in the sediment.
Further, no consideration was given to the fact that total concentration is not related
to impact. No consideration was given to many of the common chemicals and conditions that are, in fact, well understood to cause sediment toxicity. No consideration
was given to sediments that contain concentrations of the contaminant higher than
the “effects”-associated concentration without exhibiting adverse impacts. The only
basis for the so-called “guideline” concentration was the co-occurrence of that concentration of the contaminant in sediment and the exhibiting by that sediment of
some biological impact.
While there may be statistical manipulations to create correlations between toxicity and an exceedance of a sediment quality guideline, such relationships are not
demonstrations of cause and effect, but rather are coincidental and thus unreliable for
assessing the cause of biological impacts. It is entirely expected that sediments in
urban/industrial areas contain chemical constituents that cause biological effects,
along with elevated concentrations of what, under some circumstances, could be
toxic chemicals, which are in nontoxic, unavailable forms. The fact that a chemical
constituent exceeds a particular sediment quality guideline does not mean that that
constituent is in any way related to biological effects, such as toxicity, bioaccumulation, and/or changes in organism assemblages. The actual cause of the biological response seen could readily be another measured constituent, a constituent or constituents not measured or not considered in the scheme, or a combination of
constituents that, while measured, do not, individually or summed, exceed the sediment quality guidelines. Thus, without a cause-and-effect relationship, there can be
no expectation that funds spent to achieve SQG values will result in any improvement in sediment/water quality or that sediments targeted by the exceedance of
guideline values are, in fact, of the greatest concern.
22
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Failure to Consider Full Range of Potential Pollutants
The failure to find any exceedances of an ER-M, ER-L, PEL, or SQuiRT value in sediment should never be assumed to be a reliable indication of a lack of impact of sediment-associated chemicals on aquatic life. Aside from the fundamental fatal defect in the
basic premise of the approach, the co-occurrence-based sediment quality guidelines consider only a small number of the thousands of chemicals that can be present in sediments
and can affect aquatic life. For example, Lee and Jones-Lee (2003a) discussed the fact
that pyrethroid-based pesticides, one of the most common types of pesticides now used
widely in agricultural and urban areas, tend to accumulate in sediments.Weston et al.
(2004) reported finding aquatic sediments in the Central Valley of California with measurable toxicity and measurable concentrations of pyrethroid pesticides.The sediment
quality guidelines do not include pyrethroid-based pesticides or other similar chemicals.

Failure to Consider Ammonia, Hydrogen Sulfide or
Low-Dissolved Oxygen
As discussed by Lee and Jones-Lee (1996a), ammonia, hydrogen sulfide, and low-dissolved oxygen are, by far, the most common causes of sediment toxicity. However, none
of these common causes were included in the co-occurrence-based sediment quality
guidelines. In their extensive laboratory and field studies of the release of contaminants
from sediment discussed subsequently, Jones and Lee (1988) found that the most common cause of sediment toxicity in their sediments was ammonia. Numerous other investigators have found this as well, making ammonia one of the most common causes of
sediment toxicity. Co-occurrence-based sediment quality guidelines do not include consideration of ammonia as a potential cause of sediment toxicity, despite the fact that
Long and Morgan (1990) made use of the authors’ sediment database.While they used
the heavy metal, organochlorine pesticide, and PCB data from the database, Long and
Morgan ignored the ammonia and hydrogen sulfide data. Any sediment quality evaluation concerned with assessing toxicity to aquatic life that does not consider ammonia as
a potential toxicant can be highly unreliable.

Failure to Consider Additive and Synergistic Toxicity

Any sediment quality evaluation concerned with
assessing
toxicity
to
aquatic life that does not
consider ammonia as a
potential toxicant can be
highly unreliable.

Lee and Jones-Lee (2003a) have also discussed the fact that there is increasing evidence
that the toxicities of pesticides and some other potentially toxic constituents, such as heavy
metals, are additive and, in some cases, synergistic.This means that sediment that does not
exceed any co-occurrence-based sediment quality guideline could be causing or contributing to sediment toxicity through additive or synergistic impacts with other chemicals for
which there may or may not be an SQG.This type of chemical interaction intensifies the
importance of assessing the potential for sediment impacts through toxicity testing.

Failure to Consider Bioaccumulation as an Effect
Bioaccumulation of chemicals to excessive levels in fish, causing them to be a threat to those
who eat them, can occur at concentrations well below those that are toxic to benthic organisms. Lee and Jones-Lee (2002a) reviewed approaches for evaluating excessive concentra© 2005 Wiley Periodicals, Inc.
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tions of organochlorine (OCl) pesticides in aquatic sediments.They also discussed the unreliability of co-occurrence-based approaches, such as Long and Morgan or MacDonald values, for predicting the water quality impact of the OCls in sediments on the beneficial uses
of waterbodies. Evaluation of sediments for these chemicals should be based on the toxicity
of the sediment-associated chemicals to aquatic life and whether the sediment-associated
OCls contribute to excessive bioaccumulation in fish and other aquatic life tissue.

Use of Co-Occurrence for “Screening”
As the need for sediment
evaluation tools broadens
and intensifies, SQGs have
received a wider audience
and been embraced by
regulatory bodies looking
for an easily implementable
approach.

Some try to skirt the fundamental technical flaws in the co-occurrence-based SQG approach by limiting its use to “screening” sediments. However, using a patently unreliable
screening tool can do nothing but provide patently unreliable results, which will serve
to misdirect concern, responsibility, and funds for remediation, and leave real problem
areas unaddressed.While sediments that exceed one or more sediment quality guidelines may, in fact, merit further investigation or remediation, the guideline values are
meaningless for making that assessment. Under no circumstances should anyone assume
that the exceedance of a guideline value implicates sediment as a potential, or actual,
cause of problems, much less rank sediments for attention. Further, it cannot be assumed that not exceeding an SQG indicates that the sediment should be of diminished
water quality concern. A reliable evaluation and regulatory program must be based on
reliable assessments of the adverse effect and its cause.

Recent Reviews of the Unreliability Chemical Concentration-Based SQGs
As the need for sediment evaluation tools broadens and intensifies, SQGs have received
a wider audience and been embraced by regulatory bodies looking for an easily implementable approach.This has made the technical community more vocal on the unreliability of SQGs. Presented below is a summary of several presentations made at recent
conferences that provide additional information on the applicability of SQGs.
Society of Environmental Toxicology and Chemistry (SETAC) 2004 Conference. Grapentine et
al. (2004) reported on the results of a large study on the relationship between SQGs and
sediment toxicity in selected nearshore sediment of the U.S.-Canadian Great Lakes.
They found that exceedance of co-occurrence-based sediment quality guidelines was a
poor predictor of sediment toxicity.
Bay et al. (2004) reported that exceedance of co-occurrence-based SQGs was a
poor predictor of sediment toxicity in southern California coastal bays and nearshore
marine sediments, even when applied to limited areas.
MacDonald et al. (2004) presented a paper comparing sediment toxicity with SQG
values in a number of areas, including the Grand Calumet River in northern Indiana.
That presentation could leave the mistaken impression that those SQG values had some
validity for assessing the potential impact of sediment-associated contaminants in those
sediments. Lee (2004b) discussed the unreliability of using MacDonald’s co-occurrencebased SQGs to predict toxicity in Grand Calumet River sediments.
Sediment Quality Assessment (SQA5) Conference. In the fall of 2002, the International
Aquatic Ecosystem Health and Management Society held a three-day conference in
Chicago (Fifth International Conference on Sediment Quality Assessment [SQA5]) at
which several presentations were made (including several invited keynote presentations)
24
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on sediment quality evaluation. A number of the leading authorities on sediment quality
evaluation, including DiToro, Chapman, and Burton, discussed the unreliability of co-occurrence-based approaches for evaluating sediment quality. In his presentation, DiToro
(2002) characterized any so-called agreement between the results of co-occurrence-based
values and observed sediment toxicity as a “coincidence,” and certainly not indicative of a
cause-and-effect relationship.While Long, MacDonald, and others claim that their co-occurrence-based values have predictive capability based on a particular data set, a critical review of these data sets shows that they do not form a reliable basis for evaluating the ability
of co-occurrence-based values to predict sediment toxicity, and certainly not anything that
can be extrapolated to sediments outside the data set upon which they were based.
The focus of Chapman’s SQA5 discussion (Chapman, 2004) was the assessment of
bioavailable forms of contaminants in sediments. He pointed out the unreliability of
trying to assess bioavailability based on chemical measurements, noting specifically that
co-occurrence-based sediment quality guidelines fail to reliably assess bioavailable
forms of contaminants.
As discussed by O’Connor (1999a, 1999b; 2002), O’Connor and Paul (2000),
O’Connor et al. (1998), Engler (personal communication, 2004), DiToro (2002),
Chapman (2004), Burton (2002), Lee and Jones-Lee (1993; 1996a, 1996b, 1996c;
2004), the co-occurrence approaches are obviously technically invalid and unreliable for
assessing cause and effect. From these assessments, it may be concluded that flipping a
coin is a more reliable method of predicting sediment toxicity than exceedance of the
guideline values.
Some, out of unawareness or obdurate advocacy, have claimed that co-occurrencebased SQGs are NOAA-generated or -supported values.Those values and approaches
are not NOAA values. In fact, the chief scientist for the NOAA Status and Trends program (Thomas P. O’Connor) has repeatedly pointed out the unreliability of a Long and
Morgan sediment quality guideline as an indicator of sediment toxicity. In his paper entitled “The Sediment Quality Guideline, ERL, Is Not a Chemical Concentration at the
Threshold of Sediment Toxicity,” O’Connor (2004) has provided additional information
on the unreliability of using co-occurrence-based approaches for assessing sediment toxicity. He stated in his abstract, “While it is being used as such, the sediment quality
guideline ERL (effects range low) is not a threshold of any chemical concentration in
sediment at which the probability of toxicity shows an abrupt increase. Similarly, while
it has been done, there is no basis for assuming that multiple concentrations above an
ERL increase the probability of toxicity.”
Long (2004) recently commented that it is possible to predict the broad scope of
relationships between sediment chemical concentrations and toxicity. However, the
error bars are very large, making such predictions worthless for site- or area-specific assessments. He concluded, “The presumption that you can predict benthic impacts with
sediment chemistry data alone is very weak.”

Some, out of unawareness
or obdurate advocacy,
have claimed that cooccurrence-based SQGs
are NOAA-generated or
-supported values.

EXAMPLES OF MISUSE OF CO-OCCURRENCE-BASED APPROACHES
Lee and Jones-Lee (2002b) summarized several examples of egregious misuse of cooccurrence-based SQGs in contaminated sediment remediation.The US EPA (2002)
Region 9 is using co-occurrence based SQGs as cleanup objectives for organochlorine
legacy pesticides in contaminated sediments in a Total Maximum Daily Load (TMDL)
© 2005 Wiley Periodicals, Inc.
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program.The inappropriateness of this application is compounded by the fact that, as
discussed above, the Long and Morgan and MacDonald “effects” did not include bioaccumulation as an effects measure, but rather focused on toxicity to aquatic life.
Even though there is substantial literature that shows that this approach is fundamentally unreliable, some state regulatory agencies, environmental groups, some parts
of the US EPA, and others have been attempting to develop approaches that utilize the
total concentration data that have been developed as part of contaminated sediment reconnaissance studies in regulating contaminated sediments.
SWRCB staff adopted an
approach for the use
of the available funds
that failed to focus on
gathering the information
needed to develop SQOs.
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State of California’s Attempts to Develop Sediment Quality Objectives
The California State Water Resources Control Board (SWRCB) is now trying to use a
concentration-based approach for developing sediment quality objectives (SQOs), or
standards, in its regulatory program. As discussed by Lee and Jones-Lee (2003b), the
SWRCB is under a court decree to develop SQOs that can be used in a sediment quality
regulatory program by August 2005.The goal is to identify, evaluate, and rank sediments
in need of cleanup; National Permit Discharge Elimination System (NPDES) permits
from public and private wastewater dischargers and stormwater management agencies
could then be altered to reduce the concentrations of constituents that exceed the SQOs.
In the late 1980s, the California legislature adopted the Bay Protection and Toxic
Cleanup Program (BPTCP), which required that the SWRCB develop SQOs that could
be used to regulate polluted sediments. SWRCB staff adopted an approach for the use of
the available funds that failed to focus on gathering the information needed to develop
SQOs.This led to litigation by an environmental group.The litigation settlement led to
the current effort by the SWRCB to try again to develop SQOs.
At the time this article was written, the renewed effort was in its eighteenth
month.While the work plans for developing the SQOs have only recently been released,
it appears that the SWRCB staff is making many of the same errors in attempting to develop SQOs as occurred in the BPTCP.Those who developed the work plans assert that
the SQOs will be based on a weight-of-evidence approach involving developing numeric
ranking of organism assemblage, sediment toxicity, and chemistry information.
However, the approach for using the chemical concentration information is based on
total concentration of chemicals relative to some co-occurrence-based sediment quality
guideline. SWRCB staff states that some yet-to-be-developed total concentration-based
value is to be used as a threshold to indicate when the regulatory agency needs to take
action. As discussed herein, this approach is not technically valid; its inclusion invalidates
the results of the weight-of-evidence assessment.
This approach ignores the substantial literature that exists on the lack of a relationship between the total concentration of a chemical in sediments and its water quality impacts. As discussed above, O’Connor (2004) of NOAA, Chapman (2004), DiToro (2002),
and Lee and Jones-Lee (2003a, 2003b) have recently published information on the unreliability of total concentrations of a chemical as an indicator of sediment toxicity.The State
Water Board staff and its selected Science Team (many members of which had been part
of the failed BPTCP SQO development effort) have determined that the regional water
boards’ staffs who will be implementing the SQOs into regulatory programs do not have
sufficient technical expertise to use aquatic chemistry, toxicology, and water quality information properly in evaluating sediment quality.They have deemed that, therefore, the
© 2005 Wiley Periodicals, Inc.
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SQOs need to include “scaling factors” that would enable the regional board staff to use
total concentrations of chemicals information without having to understand the unreliability of their use in evaluating the water quality/beneficial use impacts of the chemical.
For the SWRCB staff to now propose total chemical concentration-based “scaling factors”
for a chemical or chemicals in sediment, and presume that they are in some way related
to sediment quality impacts as measured by aquatic life toxicity, reflects a lack of understanding of, or disregard for, the basic principles of aquatic chemistry/toxicology. As discussed by Lee and Jones-Lee (2003a), the appropriate use of chemical information must
be based on toxic/available forms of chemicals and not on the total concentration of a
chemical or group of chemicals. As summarized by Lee and Jones-Lee (2004), several internationally recognized authorities have warned against trying to use numeric scaling in
weight-of-evidence evaluation of sediment quality.
In order for the SQOs to be scientifically defensible, they must not contain arbitrary
components that can be easily shown to be technically invalid, such as the total concentration of a chemical when it is known that much, if not all, of the chemical is in a nontoxic form. It is important to consider the scrutiny that the SQOs will face in the regulatory process and the costs associated with their challenge. Regulatory boards and the
courts are not likely to support the use of SQOs that can be shown to be based on invalid premises such as arbitrary scaling factors, inert, nontoxic chemical concentrations’
influencing the ranking of the pollution characteristics of the sediment, and so on.
Dischargers or others who could become responsible for paying for sediment cleanup
will rightfully challenge technically weak or invalid SQOs.While not included in the literature cited in support of the currently proposed SWRCB SQO work plans, there is a
substantial literature that shows that the exceedance of a co-occurrence-based SQG is a
technically invalid tool for assessing the impact of sediment-associated contaminants.
This makes any SQO that uses an SQG as a trigger value unreliable for regulating or
screening sediments. All of these issues were brought to the attention of the SWRCB
staff and Board prior to their beginning to develop SQOs.

Application of Co-Occurrence SQGs to NPL Superfund Sites
Notwithstanding the extensive literature demonstrating the unreliability of the co-occurrence SQG approach for evaluating the potential impact of chemicals in sediments, the
site investigators at two different National Priority List (NPL) Superfund sites at which
the authors are US EPA Technical Assistance Grant (TAG) advisors to the public have proposed to use and/or have used chemical concentration-based SQGs as pass/fail values in
an ecological risk assessment for the pollutants in the sites’ aquatic sediments. One of
these locations is the University of California, Davis (UCD)/U.S. Department of Energy
Laboratory for Energy-Related Health Resources (LEHR) national Superfund site. UCD
is attempting to use Long et al. (1995) and MacDonald et al. (2000) co-occurrence-based
guidelines as a technical basis for conducting an ecological risk assessment for contaminated sediments associated with that Superfund site. However, as discussed by Lee
(2004a), that approach cannot be relied upon for characterization of LEHR site sediments
with respect to their potential threat to aquatic life and, therefore, whether or not they
should require remediation. A similar approach had been initiated at the Lava Cap Mine
Superfund site near Nevada City, California; the US EPA contractor had proposed to use
co-occurrence-based SQGs in an ecological risk assessment for the site. Following Lee’s
© 2005 Wiley Periodicals, Inc.
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The work done in the
DMRP served as the basis
for the US EPA and US
ACE to develop criteria for
open-water disposal of
contaminated dredged
sediments.
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(2001) critique of the proposed approach, the US EPA changed the ecological risk assessment approach to focus on toxicity assessment rather than numeric SQGs.
The US EPA Superfund Program national headquarters’ management has been concerned for a number of years about the potential for using co-occurrence-based sediment quality guidelines as a foundation for remediation decisions.The managers of US
EPA Superfund have made it clear that that approach should not be followed, because of
the unreliability of co-occurrence-based sediment quality guidelines. According to Ellis
(2003), the US EPA Superfund Program supports the position that co-occurrence-based
sediment quality guidelines are not appropriate for establishing the impacts of chemicals
in sediments or to serve as the basis for sediment cleanup objectives.
BACKGROUND TO DEVELOPING SEDIMENT QUALITY EVALUATION
Numerous approaches have been proposed over the years for determining what constitutes
an excessive level of a heavy metal, pesticide, or some other potential pollutant in aquatic
sediments. One of the earliest efforts (and the most comprehensive) to develop and evaluate protocols for this purpose was undertaken by the US ACE, which has been mandated
by Congress to maintain the navigation depth of U.S. waterways.With only unreliable bulk
sediment guidelines for a few parameters available, an understanding that contaminant release and impact could not be determined based on sediment concentrations, and increasing awareness of the environmental impacts of chemical contaminants often associated
with sediment, the US ACE recognized the need for developing an expedient, technically
sound approach to assessing the potential impact of sediment-associated contaminants.
In the 1970s, Congress authorized and funded the U.S. Army Corps of Engineers
Waterways Experiment Station in Vicksburg, Mississippi, to investigate the water quality
impacts of dredged sediment disposal.This $30 million, five-year Dredged Material
Research Program (DMRP) focused on evaluating and developing management approaches for the water quality impacts of dredged sediment disposal.The author G. F.
Lee served as an advisor to the US ACE to help develop that program, and directed
about a million dollars’ worth of the studies of the potential impacts of open-water disposal of contaminated dredged sediments.
In his DMRP studies, Lee and his graduate students evaluated the total concentrations
of about 30 potential conventional pollutants, including heavy metals, organochlorine
pesticides, PCBs, and nutrients in sediments from about 100 sites across the United States.
They also examined the behavior of those chemicals in many of those sediments as they
were suspended in the water column during the open-water disposal; disposal sites were
extensively monitored for total and soluble contaminants and physical characteristics before, during, and following disposal operations. In addition, in conjunction with the field
assessments, they worked with the US ACE to develop and evaluate laboratory protocols
to assess the release and potential toxicity of sediment-associated contaminants disposed of
in open water.This effort generated about 50,000 data points; the findings were published
in two reports (Jones & Lee, 1978; Lee et al., 1978). A summary of those studies is published in the Handbook of Dredging Engineering (Lee & Jones-Lee, 2000).
The work done in the DMRP served as the basis for the US EPA and US ACE to develop criteria for open-water disposal of contaminated dredged sediments.The results
clearly demonstrated that the total concentration of a particular chemical in sediment,
such as a heavy metal or the sum of all heavy metals, bears no relationship to the
© 2005 Wiley Periodicals, Inc.
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amount of that contaminant released to the water column during disposal or to the toxicity of that sediment to aquatic life. Many of the sediments collected from urban/industrial waterways caused toxicity to aquatic life in laboratory tests.This toxicity, however,
was largely independent of the total concentrations of various conventional pollutants,
such as heavy metals and pesticides, as a result of their sediment-binding characteristics.
While the identification of the cause of laboratory toxicity was beyond the scope of the
studies, in subsequent work, the authors (Jones & Lee, 1988) found a link between toxicity and ammonia released that was consistent with the known toxicity of ammonia. As
noted above, ammonia was not even considered in the co-occurrence-based SQGs.
Thus, the results of the DMRP substantiated what was known at the outset of the
studies—namely, that the total concentration of a constituent(s) in sediment is not a reliable indicator of the potential impacts of that sediment on the beneficial uses of the
waters in which the sediment is located.The results also led the US ACE and the US
EPA to develop, in the late 1970s, biological effects-based dredged sediment water quality evaluation procedures for both freshwater and marine dredged systems (US EPA/US
ACE, 1991, 1998).Those protocols focused on aquatic life toxicity testing and assessing
the potential for excessive bioaccumulation of hazardous chemicals from sediments.The
dredging of contaminated Superfund and other sediments and their disposal requires attention to the same water quality/environmental quality and contaminant availability,
transport, and impact issues that are considered in dredging and disposal of contaminated sediment associated with channel-depth maintenance.
BPJ WEIGHT-OF-EVIDENCE APPROACH
Lee and Jones-Lee (2004) presented a paper at the SQA5 conference entitled
“Appropriate Incorporation of Chemical Information in a Best Professional Judgment
‘Triad’Weight of Evidence Evaluation of Sediment Quality.” In addition to updating the
review of the unreliability of co-occurrence-based values for evaluating sediment quality,
they gave particular attention to how technically valid sediment quality evaluations
should be conducted. As they described, a best professional judgment (BPJ) Triad
weight-of-evidence approach that integrates information on aquatic toxicity and excessive bioaccumulation, alteration in organism assemblages relative to habitat characteristics, and chemicals as a cause of toxicity/bioavailability should be used. Chemical information is incorporated into the approach through toxicity identification evaluations
(TIEs) and sediment bioavailability testing to determine the toxicity/availability of the
forms and mixtures of contaminants and characteristics in the sediment.

Regulatory agencies should
adopt the technically sound
approaches of the US EPA
Superfund and US ACE . . .

CONCLUSION
It will be important that other regulatory agencies not follow the California SWRCB
and others in regulating sediment-associated chemicals based on SQGs and SQOs developed through, or influenced by, chemical concentration/co-occurrence approaches.
Regulatory agencies should adopt the technically sound approaches of the US EPA
Superfund and US ACE; they advocate making sediment quality evaluations through effects-based approaches using aquatic chemistry, aquatic life toxicity, and excessive
bioaccumulation of hazardous chemicals in higher trophic-level organisms. Chemical
concentration information should focus on the availability/toxicity of the chemical in a
© 2005 Wiley Periodicals, Inc.
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TIE framework. Numeric scaling factors should not be used in sediment quality evaluation. Scaling schemes are arbitrary and can readily lead to a technically invalid assessment of sediment quality.The focus of the SQOs should be the use of effect-based assessment of aquatic toxicity to several types of sensitive aquatic life and whether there is
excessive bioaccumulation of hazardous chemicals in edible aquatic life. Chemical studies
should be used to identify the constituent(s) responsible for the toxicity through toxicity
identification evaluation and the concentration of toxic/available constituents in the sediments. It should be combined with toxicity in forensic studies to identify the source of
the toxic constituent(s).Where excessive bioaccumulation is found in edible fish and
other aquatic life, the source of the bioaccumulatable chemicals should be determined
and sediment uptake studies should be conducted to define the availability of the chemical in the sediments.
Adoption of this effects-based approach will lead to a technically valid regulatory
approach for defining the sediments that are having an adverse impact on the beneficial
uses of a waterbody.
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