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ABSTRACT

In 2000, a set of sediment effect concentrations (SECs) was published for evaluating the toxicity of polychlorinated
biphenyls (PCBs) in freshwater, estuarine, and marine sediments. According to the developers, these consensus-based SECs
reconcile existing sediment quality guidelines (SQGs) that have been developed using various approaches, reflect causal
rather than correlative effects, and can be used to determine the spatial extent of injury to sediment-dwelling organisms. In
the present study, a critical evaluation of the SECs was conducted based on the original documents and databases used to
develop the underlying SQGs for the SECs, as well as the original documents and data sets used to determine the predictive
ability of the SECs. Results of the critical evaluation indicated that the SECs are simple mathematical constructs that share the
same limitations as their underlying SQGs. The SECs are questionable “consensus” values, because many of their underlying
SQGs are dissimilar, misclassified, or redundant with other SQGs. Because nearly all of the data sets included in the databases
used to calculate the underlying SQGs, or to validate the SECs, were affected by elevated concentrations of multiple co-
occurring chemicals, it was not possible to conclusively identify PCBs as the cause of any of the observed sediment toxicity.
The SECs, and most of their underlying SQGs, are likely biased by the fact that their underlying databases are composed
primarily of PCB concentrations less than 0.5 mg/kg dry weight. Comparisons between the SECs and bioaccumulation-based
SQGs calculated using the equilibrium partitioning approach provide no information on whether the SECs are causally
related to sediment toxicity. The primary available median lethal concentration (LC50) value for PCBs, determined using
spiked-sediment toxicity tests, has limited applicability to most contaminated aquatic environments, because it was
determined using an unusually low total organic carbon content. Finally, site-specific application of the SECs indicated that
their predictive ability was very low, that concentration—response relationships were not found for a variety of test species
and toxicity endpoints at PCB concentrations greater than the SECs, and that some of the highest survival and growth values
in the toxicity tests were found at PCB concentrations considerably greater than the SECs. Based on the results of this study,
we conclude that the SECs for PCBs should be used only in the screening-level evaluations that typically precede more direct
assessments of sediment toxicity at individual study sites, and should not be used to predict the presence of sediment
toxicity. Contrary to the conclusions of the SEC developers, the SECs do not reconcile existing SQGs, do not reflect causal
effects, and should not be used to determine the spatial extent of injury to sediment-dwelling organisms.
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INTRODUCTION

In 2000, MacDonald, DiPinto, et al. (2000) developed a set
of sediment effect concentrations (SECs) for evaluating the
toxicity of polychlorinated biphenyls (PCBs) in freshwater,
estuarine, and marine sediments. According to the authors,
these consensus-based SECs reconcile existing sediment
quality guidelines (SQGs) that have been developed using
various approaches, reflect causal rather than correlative
effects, and can be used to determine the spatial extent of
injury to sediment-dwelling organisms, as well as to evaluate
the need for sediment remediation. However, Fuchsman et al.
(2006) have recently criticized the SECs because they cannot
be used to identify cause—effect relationships between PCB
concentrations and sediment toxicity. Those authors proposed
use of the equilibrium partitioning (EqP) approach as a better
method of developing SQGs for PCBs.

As codevelopers of the apparent effects threshold (AET)
approach for developing SQGs (Barrick et al. 1988; Becker et
al. 1989), we have been involved with sediment quality issues
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for more than 20 y and we agree with Wenning et al. (2005)
that the use of SQGs in screening-level assessments can
provide useful initial information on which sediments are
likely to be nontoxic. However, we also believe that definitive
evaluations of sediment toxicity should be based primarily on
site-specific assessments of biological effects that address such
factors as site-specific bioavailability and the presence or
absence of concentration-response relationships. Laboratory
studies that address potential causality, such as toxicity
identification evaluations and spiked sediment studies, may
also be useful.

Wenning et al. (2005) described how SQGs can be
misused. Given the uses for which MacDonald, DiPinto, et
al. (2000) conclude that the SECs for PCBs are applicable, the
potential exists for the SECs to be given more validity than
the SQGs on which they are based and, in turn, to be used in
a more authoritative and conclusive manner than is justified.
For example, MacDonald Environmental Sciences Ltd.
(MESL 1999) stated that measured concentrations of PCBs
in sediments can be compared to the SECs to determine
whether the concentrations are sufficient to injure sediment-
dwelling organisms. This statement implies that the SECs
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have the scientific merit to be used as stand-alone criteria for
identifying the presence of adverse biological effects related to
PCBs.

In this paper, we present the results of a critical evaluation
of the SECs for PCBs. Specifically, we show that the SECs
represent questionable consensus values, are limited by the
same biased databases as most other SQGs, are strictly
correlative in nature (rather than causative), and can provide
highly erroneous predictions when applied to site-specific
conditions. All concentrations presented in this paper are
expressed on a dry-weight basis.

METHODS AND MATERIALS

MacDonald, DiPinto, et al. (2000) developed the SECs for
PCBs by compiling 30 existing SQGs—17 that are applied
primarily to freshwater sediments, and 13 that are applied
primarily to marine and estuarine (i.e., saltwater) sediments
(Table 1). MacDonald, Ingersoll, et al. (2000) conducted a
similar kind of analysis when developing consensus-based
SQGs for 28 chemicals and chemical groups (including PCBs)
for freshwater sediments. However, in that study, only 2
consensus-based SQGs were developed for each chemical: A
threshold effect concentration (TEC) and a probable effect
concentration (PEC). The TEC and PEC for PCBs identified
by MacDonald, Ingersoll, et al. (2000) were 0.06 and 0.676
mg/kg, respectively.

In determining the SECs for PCBs, MacDonald, DiPinto, et
al. (2000) subdivided the 30 existing SQGs into 3 groups
based primarily on their narrative intent, as defined by their
original developers and interpreted by MacDonald, DiPinto,
et al. (2000; Table 1). The 3 groups of SQGs were then used
to develop 3 kinds of SECs: A TEC, a midrange effect
concentration (MEC), and an extreme effect concentration
(EEQC). Initially, the 3 SECs were calculated separately for
freshwater and saltwater SQGs as the geometric means of the
3 SQG groups. However, because the 3 pairs of freshwater
and saltwater SECs were found to be statistically similar, the
underlying freshwater and saltwater SQGs were combined to
form a single SEC for each of the 3 SQG groups. The final
TEC, MEC, and EEC for PCBs were calculated as 0.04, 0.40,
and 1.7 mg/kg, respectively.

MacDonald, DiPinto, et al. (2000) evaluated the reliability
of the 3 combined SECs for PCBs by 1) determining their
predictive ability to correctly identify sediments as toxic or
nontoxic in 2 independent freshwater and saltwater sediment
toxicity data sets (i.e., validation data sets), 2) comparing
them to concentration-response data from spiked-sediment
toxicity tests, and 3) comparing them with SQGs developed
using the EqP approach, which is a theoretical approach that
identifies toxicity thresholds for nonionic organic chemicals
when they occur alone in sediments. The evaluation of
predictive ability was conducted using matching sediment
chemistry and biological effects data from 10 freshwater and
15 saltwater data sets from throughout the United States
(Table 2; MESL 1999). The primary concentration—response
information used by MacDonald, DiPinto, et al. (2000) was
provided by a spiked-sediment toxicity study conducted by
Swartz et al. (1988), and the SQGs developed using the EqP
approach were those of Bolton et al. (1985) and NYSDEC
(1999).

To conduct the critical evaluation of the SECs for PCBs in
the present study, as many of the following items were
assembled as were available: The original documents and
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databases used to develop the 30 underlying SQGs for PCBs,
and the original documents and data sets for the freshwater
and saltwater data sets used by MacDonald, DiPinto, et al.
(2000) to validate the SECs. All of the original SQG
documents were obtained, and the only SQG databases that
could not be obtained from the original authors were those
for the freshwater and saltwater screening-level concentra-
tions (SLCs) and those for the freshwater lowest effect level
(LEL), severe effect level (SEL), minimal effect threshold
(MET), and toxic effect threshold (TET, Neff et al. 1986,
1987; Environment Canada and Ministere de I’Environment
du Quebec 1992). The only original document and data set
used for validation that could not be obtained was the
freshwater data set for the Trinity River (Dickson et al. 1989).
However, most of the data for that study were available in
Ingersoll and MacDonald (1999).

RESULTS AND DISCUSSION

Based on the evaluations of the consensus-based SECs for
PCBs, their 30 underlying SQGs, the 2 SEC validation data
sets, and the documents associated with the previous items,

we identified 7 major factors that limit the usefulness of the
SECs:

® Limitations of underlying SQGs,

* Inconsistent grouping of SQGs,

® Presence of co-occurring chemicals,

e Use of unrepresentative databases,

e Inferences related to predictive ability,
e Inferences related to causation, and

e Site-specific contradictions.

These factors are discussed in the following sections.

Limitation of underlying SQGs

Because the SECs are simple mathematical constructs based
on their underlying SQGs, they are affected by the same
limitations as the various SQGs on which they are based. In
this section, the major limitations of the SQGs used to
develop the SECs for PCBs are identified, along with the
manner in which the original authors recommended that the
SQGs be used in sediment quality assessments, if such
recommendations were made. The objective of this section is
not to provide an exhaustive review of the approaches used to
develop the SQGs, but to estimate the degree of confidence
that can be placed in each SQG, as well as to identify the kinds
of uses for which each SQG is considered appropriate.

Freshwater and saltwater SLCs—Neff et al. (1986, 1987)
developed the freshwater and saltwater SLCs for PCBs, as
well as analogous values for 14 other chemicals or chemical
groups. These studies were conducted largely as exploratory
evaluations of whether the SL.C approach had merit. Neff et
al. (1986) noted that, because of the preliminary nature of the
effort, the databases used in the study were not subjected to
an intensive quality assurance review. Neff et al. (1987)
subsequently recalculated the saltwater SLCs after conduct-
ing a quality assurance review of the underlying data, but did
not revise the previous freshwater SLCs, including the one for
PCBs. Neff et al. (1986) noted that the SLC approach
assumes no cause-and-effect relationships between chemical
concentrations and adverse biological effects. They also stated
that the observed biological effects were likely the result of
multiple chemicals, rather than the chemical of interest,
resulting in SLCs that tend to be lower than they would be if
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Table 1. Summary of the freshwater and saltwater SQGs used to develop the SECs for PCBs?

[

SQG Total PCBs (mg/kg dry wt) SEC category® Reference

Freshwater SQGs

SLC 0.003 TEC Neff et al. (1986)

ERL 0.050 TEC Long and Morgan (1991)

ERM 0.40 MEC

LEL 0.070 TEC Persaud et al. (1993)

SEL 5.3 EEC

MET 0.20 TEC Environment Canada and Ministere
de I'Environment du Quebec (1992)

TET 1.0 EEC

TEL 0.034 TEC Smith et al. (1996)

PEL 0.277 MEC

TEL 0.032 TEC Ingersoll et al. (1996)

ERL 0.050 TEC

PEL 0.24 MEC

ERM 0.73 MEC

NEC 0.19 MEC

LAET-WA 0.021 TEC Cubbage et al. (1997)

PAET-WA 0.45 MEC

HAET-WA 0.82 EEC

Saltwater SQGs

SLC 0.043 TEC Neff et al. (1987)

Microtox AET-PS 0.13 TEC Barrick et al. (1988)

Benthic AET-PS 1.0 MEC

Oyster AET-PS 1.1 MEC

Amphipod AET-PS 3.1 EEC

Bivalve AET-CA 0.088 TEC Becker et al. (1989)

Benthic AET-CA 0.36 MEC

Amphipod AET-CA 0.96 EEC

ERL 0.023 TEC Long et al. (1995)

ERM 0.18 MEC

TEL 0.022 TEC MacDonald et al. (1996)

PEL 0.189 MEC

SEC-SC 0.835 MEC MacDonald (1997)

AET = apparent effects threshold; CA = California; EEC = extreme effect concentration; ERL = effects range-low; ERM = effects range-
median; HAET = highest apparent effects threshold; LAET = lowest apparent effects threshold; LEL = lowest effect level; MEC = midrange
effect concentration; MET = minimal effect threshold; NEC = no-effect concentration; PAET = probable apparent effects threshold; PCB =
polychlorinated biphenyl; PEL = probable effect level; PS = Puget Sound = WA; SC = Southern California; SEC = sediment effect
concentration; SEL = severe effect level; SLC = screening-level concentration; SQG = sediment quality guideline; TEC = threshold effect
concentration; TEL = threshold effect level; TET = toxic effect threshold; WA = Washington State.

® From MacDonald, DiPinto, et al. (2000).
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Table 2. Summary of the freshwater and saltwater data sets used to validate the SECs for PCBs?

Location
Freshwater data sets

Grand Calumet River and Indiana Harbor, IN

Lower Fox River and Green Bay, WI

Potomac River, DC

Saginaw River, Ml
Trinity River, TX
Upper Mississippi River, MN/MO

Waukegan Harbor, IL
Saltwater data sets

Hudson-Raritan Estuary and Newark Bay, NY/NJ

Long Island Sound, NY
Biscayne Bay, FL

Boston Harbor, MA
Virginian Province (EMAP)

Narragansett Bay, RI

Puget Sound, WA

San Diego Bay, CA

San Francisco Bay, CA

San Pedro Bay, CA

South Carolina and Georgia

Tampa Bay, FL

TOC
Nr. of samples (% dry wt) Reference

13 14 Hoke et al. (1993)
USEPA (1996)

13 4.5 Call et al. (1991)

15 4.3 Schlekat et al. (1994)
Velinsky et al. (1994)
Wade et al. (1994)

9 1.9 USEPA (1996)

72 ND Dickson et al. (1989)
51 1.9 Kemble et al. (1998)
USEPA (1996, 1997)
22 3.9 USEPA (1996, 1999)
235 2.1 Rice et al. (1995)
Long et al. (1996a)
63 1.7 Wolfe et al. (1994)
105 2.5 Long et al. (1998)
30 1.6 Long et al. (1996b)
388 1.7 Strobel et al. (1995)
Schimmel et al. (1994)
19 ND Munns et al. (1991)
15 1.5 Pastorok and Becker (1990)
119 ND Fairey et al. (1996)

9 1.7 Chapman et al. (1987)
44 ND Sapudar et al. (1994)
63 ND Long et al. (1998)

61 2.5 Long et al. (1994)

@ EMAP = Environmental Monitoring and Assessment Program (US Environmental Protection Agency); ND = no data available; SEC =

sediment effect concentration; TOC = total organic carbon.

only the chemical of interest were present. Although the SLC
approach was also used to develop the freshwater LEL, SEL,
MET, and TET (Environment Canada and Ministere de
I'Environment du Quebec 1992; Persaud et al. 1993), it has
rarely been used since that time. In addition, Von Stackelberg
and Menzie (2002) described how statistical artifacts asso-
ciated with use of presence and absence information on
benthic macroinvertebrate taxa can provide misleading
conclusions regarding relationships between chemical con-
centrations and biological effects.

Freshwater LEL, SEL, MET, and TET—The freshwater LEL,
SEL, MET, and TET were developed for 35 chemicals by
Persaud et al. (1993) and Environment Canada and Ministere
de I'Environment du Quebec (1992), using the SLC approach
originated by Neff et al. (1986), and a database composed of
benthic macroinvertebrate community data from the Great
Lakes. Environment Canada and Ministere de I'Environment

du Quebec (1992) concluded that the SQGs are tools for

assessing sediment contamination that provide indications of
the necessity for conducting more detailed analyses. They also
specified that when the MET is exceeded, sediment toxicity
tests should be conducted to determine whether the affected
sediments are toxic. Persaud et al. (1993) concluded that if
the SEL is exceeded, sediment toxicity tests are required to
assess whether the sediment is acutely toxic.

Great Lakes SQGs—Ingersoll et al. (1996) developed 5
kinds of SQGs for PCBs (referred to herein as the Great Lakes
SQGs), and for 26 other chemicals, for use in evaluating
sediment samples from the Great Lakes, including a threshold
effect level (TEL) and probable effect level (PEL) analogous
to those developed by Smith et al. (1996) and MacDonald et
al. (1996), an effects range-low (ERL) and effects range-
median (ERM) analogous to those developed by Long and
Morgan (1991) and Long et al. (1995), and a no-effect
concentration (NEC) analogous to the AETs developed by
Barrick et al. (1988). Although the sample sizes used to
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calculate these SQGs for 21 of the 26 other chemicals were
greater than 50, only 29 sediment samples were used to
calculate the SQGs for PCBs. In addition, of the 29 PCB
concentrations used to calculate the SQGs, only 9 were
greater than the TEC of 0.04 mg/kg. Furthermore, because
only 5 of the 29 sediment samples were designated as toxic
after an initial screening step, the 5 Great Lakes SQGs were
developed using only 5 data points where biological effects
were associated with detected PCB concentrations. This value
is well below the minimum level of 20 specified by Smith et
al. (1996) and MacDonald et al. (1996) for development of
the freshwater and saltwater TELs and PELs. Because
Ingersoll et al. (1996) arbitrarily specified that a minimum
of 5 toxic samples had to be present for the SQGs to be
calculated for a particular chemical, the SQGs for PCBs were
calculated using the minimum amount of effects data
specified by the authors.

The small number of samples used to develop the Great
Lakes SQGs for PCBs adds considerable uncertainty to the
validity of these SQGs. This uncertainty is highlighted by the
fact that the NEC of 0.19 mg/kg is less than the PEL of 0.24
mg/kg, and almost 4 times as low as the ERM of 0.73 mg/kg.
Because the NEC is defined as the highest no-effect value in a
database, it would typically be greater than the PEL and ERM.
The fact that the NEC is less than the PEL and ERM for the
Great Lakes database is likely an artifact of the small number
of samples used to develop those SQGs.

Ingersoll et al. (1996) concluded that the Great Lakes
SQGs should be used to predict the potential for sediment
toxicity and to provide guidance for identifying sites that
require further investigation. The authors also concluded that
the SQGs should not be used independently to establish
cleanup levels for sediments. Finally, Ingersoll et al. (1996)
cautioned that the Great Lakes SQGs represent concentra-
tions that are associated with adverse effects, but do not
necessarily cause the effects. They noted that because field-
collected sediments typically contain complex mixtures of
chemicals, additional information is needed to identify the
specific chemicals that were actually responsible for any
observed toxicity.

Freshwater TEL and PEL—Smith et al. (1996) developed
the freshwater TEL and PEL for PCBs, as well as analogous
values for 22 other chemicals or chemical groups. The authors
also conducted an evaluation of the predictive ability of the
SQG:s for the 23 chemicals. They found that the prevalence of
toxicity above the PEL for PCBs was only 50%, which is well
below the minimum value of 75% used by others (e.g., Long
et al. 1995, 1998; MacDonald, Ingersoll, et al. 2000) to
identify reliable PELs and ERMs. This indicates that the PEL
has limited predictive value for identifying a station as toxic or
nontoxic.

Smith et al. (1996) cautioned that the database used to
develop the freshwater SQGs was biased toward reference
and slightly contaminated areas, and that data from contami-
nated sites were generally underrepresented. They therefore
recommended that the underlying database of the freshwater
TEL and PEL be refined and expanded in the future to
represent a broader range of contaminated conditions. Smith
et al. (1996) concluded that their SQGs are screening tools
that provide one type of information for sediment assess-
ments, and emphasized the importance of using these values
in conjunction with other kinds of information, such as
biological assessments.
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Freshwater ERL and ERM—Long and Morgan (1991)
developed the freshwater ERL and ERM for PCBs, as well
as analogous values for 30 other chemicals or chemical
groups. Although the database used to calculate the ERL and
ERM included data from both freshwater and saltwater
sediments, these values have been used primarily to assess
freshwater sediments, following the development of the
saltwater ERL and ERM by Long et al. (1995). Long and
Morgan (1991) did not conduct quantitative evaluations of
the reliability of the SQGs. The authors stated that the
various ERLs and ERMs were informal guidelines that were
not intended for use in regulatory decisions or any other
similar applications, and that they should not be construed as
National Oceanic and Atmospheric Administration standards
or criteria. The authors concluded further that more data are
needed to reduce the uncertainty associated with most of the
SQGs, including that for PCBs.

Saltwater TEL and PEL—MacDonald et al. (1996) devel-
oped the saltwater TEL and PEL for PCBs, as well as
analogous values for 33 other chemicals or chemical groups.
The authors also conducted reliability evaluations of the
SQGs for the 34 chemicals. They found that the prevalence of
toxicity above the PEL for PCBs was only 55%, which is
similar to the value of 50% found by Smith et al. (1996) for
the freshwater PEL for PCBs, and well below the minimum
value of 75% used by others (e.g., Long et al. 1995, 1998;
MacDonald, Ingersoll, et al. 2000) to identify reliable PELs
and ERMs. This indicates that the use of the PEL to identify a
station as toxic or nontoxic has limited predictive value.
MacDonald et al. (1996) concluded that the overall reliability
of the PEL for PCBs was low. In fact, the PELs for nearly all
(i-e., 31) of the other 33 chemicals evaluated by MacDonald
et al. (1996) had higher reliability scores.

MacDonald et al. (1996) cautioned that the weight-of-
evidence approach used to develop the saltwater TEL and
PEL does not fully support quantitative evaluation of cause-
and-effect relationships between chemical concentrations and
adverse biological effects, because it is largely based on
associations between chemical concentrations and biological
effects. They noted further that various other factors,
including co-occurring chemicals, could have been responsible
for the observed effects. Finally, the authors concluded that
the saltwater TEL and PEL should not be used as stand-alone
sediment quality criteria.

Saltwater ERL and ERM—Long et al. (1995) developed the
saltwater ERL and ERM for PCBs, as well as analogous values
for 27 other chemicals or chemical groups. The authors also
conducted an evaluation of the predictive ability of the SQGs
for the 28 chemicals, and concluded that the prevalence of
effects was relatively low at PCB concentrations greater than
the ERM. Because the prevalence was only 51%, it was well
below the minimum value of 75% specified by the authors as
indicative of reliable ERMs. The ERMs for nearly all (i.e., 24)
of the other 27 chemicals evaluated by Long et al. (1995)
were found to be more reliable than the ERM for PCBs.

The authors concluded that the saltwater ERLs and ERMs
should be used as informal screening tools in environmental
assessments, and that they were not intended to preclude the
use of toxicity tests or other measures of biological effects.

Long et al. (1998) evaluated the predictive ability of the
saltwater ERM, as well as the saltwater PEL of MacDonald et
al. (1996), using a database that consisted of 1,068 samples of
saltwater sediments collected from throughout the United



Sediment Effect Concentrations for PCBs—Integr Environ Assess Manag 4, 2008 161

States. They found that the predictive ability of the ERM for
PCBs was only 51% (i.e.,, the lowest of the 27 ERMs
evaluated), and the predictive ability of the PEL was only
49% (i.e., the 3rd lowest value of the 31 PELs evaluated). In
addition to being among the lowest values of predictive ability
observed, both values were well below the minimum value of
75% specified by the authors as indicative of reliable PELs and
ERMs. Long et al. (1998) noted that these SQGs were
prepared as informal (nonregulatory) benchmarks and were
not based on experiments in which causality was determined,
and that SQGs in general are most useful when accompanied
by data from in situ biological analyses, sediment toxicity
tests, or other interpretive tools.

Freshwater and saltwater AETs—The AET approach for
developing SQGs is based largely on data from specific water
bodies or geographic regions. The resulting AETs, therefore,
have a high degree of site-specific relevance, but questionable
relevance for use on a larger (e.g., national) scale. In their
review of the AET approach, USEPA (1989) concluded that
it contained sufficient scientific merit to establish SQGs for
use at specific sites, but that it should not be used to develop
general, broadly applicable SQGs. Separate sets of AETs
have been developed for Puget Sound sediments (Barrick et
al. 1988), saltwater sediments of California (Becker et al.
1989), and freshwater sediments of Washington State
(Cubbage et al. 1997). Because the reliability of each of
these sets of AETs has been determined for suites of
chemicals (i.e., rather than for individual chemicals), no
evaluations of the independent reliability of the AETs for
PCBs have been conducted. Although the Puget Sound AETs
have been promulgated as sediment quality standards for
Washington State (Chapter 173-204 WAC), the state
guidance specifies that sediment toxicity tests or evaluations
of benthic macroinvertebrate communities can be used to
confirm the presence of sediment toxicity when the stan-
dards are exceeded.

Summary of SQG limitations—In summary, the information
presented above indicates that many of the original devel-
opers of SQGs for PCBs recognized the limitations of the
SQGs, and recommended that they be used primarily as
screening values, with their predictions being confirmed using
site-specific biological evaluations. Many of the developers
also recognized that the various SQGs were based on
correlative, rather than cause-and-effect, information. Finally,
the reliability of the freshwater and saltwater PELs and ERMs
for PCBs in identifying the presence of sediment toxicity was
relatively low (i.e., approximately equal to a coin toss) for
studies that quantitatively evaluated predictability of those
SQGs (i.e., Long et al. 1995, 1998; MacDonald et al. 1996;
Smith at al. 1996).

Inconsistent grouping of SQGs

MacDonald, DiPinto, et al. (2000) stated that because the
SECs for PCBs represent the central tendency of their
underlying SQGs, they reconcile differences among the
SQGs. In this section, the 3 groups of SQGs are evaluated
to determine the degree to which the 3 SECs can be
considered “consensus” values. Emphasis was placed on
determining the degree to which the SQGs within each
group are similar to each other, whether the SQGs were
grouped correctly, and whether the groups contain redundant
SQGs that provide an unwarranted enhancement of apparent
agreement among the various SQGs.

Numerous authors, including MacDonald, DiPinto, et al.
(2000), have used a factor of 3 to identify SQGs that are
considered comparable (Long et al. 1995; MacDonald et al.
1996; Smith et al. 1996; MacDonald, Ingersoll, et al. 2000). If
this same quantitative criterion is applied to the SEC
categories used by MacDonald, DiPinto, et al. (2000), all of
the categories span a range greater than a factor of 3,
indicating that many of the SQGs within each category
should not be considered comparable. For example, the
minimum and maximum PCB concentrations for the TEC,
MEC, and EEC differ by factors of 67, 6.1, and 6.5,
respectively.

Inspection of the classification of the various freshwater and
saltwater SQGs used to develop the SECs for PCBs shows
that 2 freshwater SQGs were misclassified as MECs, when
according to their definitions, they should have been classified
as EECs: The Great Lakes NEC and the probable AET for
Washington State (PAET-WA). As defined by their devel-
opers, both of these SQGs are representative of concen-
trations above which adverse effects are always or nearly
always observed and, as such, should be classified as EECs.
MacDonald, Ingersoll, et al. (2000) made this same dis-
tinction for the NEC and PAET-WA in describing why those 2
values were not used to develop the consensus-based PECs for
PCBs and other chemicals. If these 2 SQGs are correctly
classified as EECs, the range of those values would extend
from 0.19 to 5.3 mg/kg, and the level of apparent agreement
among those values would decline further, because the
maximum and minimum PCB concentrations would differ
by a factor of 28, rather than 6.5.

In deriving the consensus-based TECs and PECs for 28
chemicals in freshwater sediments, MacDonald, Ingersoll, et
al. (2000) avoided redundancies when compiling the various
underlying SQGs. For example, the authors stated that the
Great Lakes ERLs and ERMs of Ingersoll et al. (1996) were
not used, because they were developed from the same data
that were used to derive the Great Lakes TELs and PELs (i.e.,
from several areas of concern in the Great Lakes). However,
this criterion was not used in calculating the SECs for PCBs,
where a number of the underlying SQGs were developed
from the same databases and are therefore redundant, using
the criteria of MacDonald, Ingersoll, et al. (2000). The
inclusion of these values in the set of SQGs used to develop
the SECs provides an unwarranted enhancement in the
apparent degree of agreement among the various SQGs.
The various redundancies are as follows:

® The Great Lakes ERL and ERM for PCBs were used along
with the Great Lakes TEL and PEL, even though this
redundancy was identified and avoided by MacDonald,
Ingersoll, et al. (2000).

® The freshwater MET and TET and the freshwater LEL
and SEL are largely redundant, because they were
developed using the same SLC approach that was applied
to the same database on benthic macroinvertebrate
communities from the Great Lakes, with only minor
modifications of the critical percentages of the benthic
macroinvertebrate species they were designed to protect
(i.e., 15% and 90%, as opposed to 5% and 95%,
respectively).

e The freshwater PAET-WA and highest AET for Wash-
ington State are largely redundant, because they are both
based on the same database collected in Washington State
for the amphipod Hyalella azteca, with only minor



162

modifications of the critical no-effect level (i.e., 95th
percentile and maximum, respectively).

e The saltwater ERL and ERM are largely redundant with
the saltwater TEL and PEL, because they were developed
using the same biological effects database for sediments,
and this redundancy is consistent with that identified by
MacDonald, Ingersoll, et al. (2000) for the analogous
Great Lakes ERL, ERM, TEL, and PEL.

The result of the redundancies described above is that 7 of
the 30 SQGs used to develop the SECs for PCBs (i.e., 23% of
the SQGs) are considered redundant with other SQGs, and
therefore should not have been used in the development of
the SECs. The most obvious examples of this redundancy are
the saltwater TEL (0.022 mg/kg) and ERL (0.023 mg/kg), as
well as the saltwater PEL (0.189 mg/kg) and ERM (0.180 mg/
kg), because the 2 sets of values are nearly equal.

In summary, the evaluation of the SQG groupings used by
MacDonald, DiPinto, et al. (2000) showed that many SQGs
within the 3 SEC groups were dissimilar, misclassified, and/or
largely redundant with other SQGs in the groups. These
factors considerably reduce the apparent degree of agreement
of SQGs within the 3 groups, and call into question the
conclusion of MacDonald, DiPinto, et al. (2000) that the
SECs reconcile differences among the SQGs.

Limitations related to co-occurring chemicals

As discussed previously, many of the developers of the
SQGs for PCBs recognized that most contaminated sediments
contain complex mixtures of chemicals that can increase the
difficulty of developing SQGs and of determining which
chemicals are actually responsible for any observed toxicity
(e.g., Neff et al. 1986; Long et al. 1995; Ingersoll et al. 1996;
MacDonald et al. 1996). In addition, Long et al. (1998)
concluded that their nationwide experience indicates that
toxicants often covary with each other to a large degree. As
discussed previously, MacDonald, DiPinto, et al. (2000)
evaluated the predictive ability of the SECs for PCBs using
2 validation data sets, one based on freshwater studies and the
other based on saltwater studies. In this section, the degree to
which these predictive evaluations may have been con-
founded by the presence of co-occurring chemicals is
evaluated, by examining the conclusions of the authors of
the individual studies that make up the 2 SEC validation
databases, if such conclusions were made.

Freshwater studies—

¢ Grand Calumet River and Indiana Harbor—Hoke et al.

(1993) concluded that sediments contained a multitude
of chemicals, and that toxicity appeared to be related
primarily to ammonia, metals, PAHs, and petroleum
hydrocarbons. Ingersoll and MacDonald (1999) also
evaluated sediments in the Grand Calumet River and
concluded that the chemicals causing or contributing to
sediment injury include ammonia, metals, phenol, PAHs,
PCBs, and pesticides. However, the authors cautioned
that because all of these chemicals are present at
concentrations sufficient to cause or substantially con-
tribute to sediment toxicity, it was difficult to assign a
relative priority to them.

¢ Indiana Harbor and Saginaw River—USEPA (1993)

concluded that a broad range of contaminant concen-
trations were measured in the sediments, but because of
the potential for contaminant interactions, the observed
sediment toxicity could not be attributed to any specific
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chemical. The authors concluded further that sediment
toxicity was related to the sum of the concentrations of
metals and PAHs.

Potomac River—Schlekat et al. (1994) concluded that
sediment toxicity was associated most strongly with
ammonia, PAHs, PCBs, and chlordane.

Waukegan Harbor—USEPA (1999) concluded that sedi-
ment toxicity was likely associated with elevated concen-
trations of metals, PCBs, and PAHs. For the same water
body, Ingersoll and Nelson (1990) concluded that each
sediment sample they evaluated contained a complex
matrix of measured inorganic contaminants, organic
contaminants, and numerous unidentified compounds,
and that laboratory toxicity studies that test single
compounds spiked into the sediment would be required
to more directly determine the specific contaminants that
may have caused a toxic response.

Saltwater habitats—

® Hudson—Raritan Estuary—Rice et al. (1995) found that
sediment toxicity was associated with concentrations of 6
metals, PAHs, and PCBs. However, the authors stated
that conclusive identification of specific causal relation-
ships between contaminants and biological effects was not
possible, primarily because of the complexity of the
chemical mixtures in the sediments. Long et al. (1996a)
also evaluated sediments in the Hudson—Raritan Estuary
and found that sediment toxicity in various parts of the
estuary correlated with concentrations of metals, PAHs,
PCBs, pesticides, and dioxins. However, the authors noted
that because many of these chemicals covaried with each
other, the correlations alone did not provide great insight
into the potential causes of the observed toxicity.

¢ Narragansett Bay—Munns et al. (1991) concluded that
the major risks to benthic macroinvertebrate commun-
ities were related primarily to selected metals, PAHs,
PCBs, and pesticides.

¢ San Pedro Bay—Sapudar et al. (1994) found that
sediment toxicity to amphipods was correlated most
strongly with concentrations of 3 metals and PAHs.
However, the authors noted that because the study was
not designed to determine cause—effect relationships, the
data were useful only for evaluating associations between
chemical concentrations and biological effects.
Boston Harbor—Long et al. (1996b) concluded that the
chemicals that most likely contributed to sediment
toxicity were ammonia, several metals, PAHs, PCBs,
and other chlorinated hydrocarbons. However, the
authors concluded that a highly complex toxicity
identification evaluation procedure would be required
to specifically identify which chemicals caused the
observed toxicity.
Long Island Sound—Wolfe et al. (1994) concluded that
although sediment toxicity tended to correlate with
elevated chemical concentrations in sediments, the
various chemicals covaried relatively strongly, so that
toxicity could not be readily attributed to any particular
chemical.

e Tampa Bay—Long et al. (1994) concluded that the
concentrations of ammonia, numerous metals, PAHs,
PCBs, and pesticides were highly correlated with sedi-
ment toxicity. However, they also noted that those
correlations did not establish cause—effect relationships,
and that considerably more research would be needed to
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establish the causes of the observed toxicity. They noted
further that the most toxic sediments frequently con-
tained high concentrations of mixtures of chemicals, any
one of which could have caused or contributed to the
toxicity.

In summary, the information provided above indicates that
sediments evaluated in most of the individual studies that
make up the freshwater and saltwater SEC validation data sets
were contaminated with numerous chemicals, in addition to
PCBs. Most of the studies also recognized that conclusive
determinations of which chemicals caused the observed
sediment toxicity would require additional kinds of evalua-
tions. These results indicate that use of these data sets to
determine the predictive ability of the SQGs for a single
chemical or group of chemicals such as PCBs is questionable,
particularly if the results of this analysis are used to suggest
that PCBs were the cause of any observed toxicity. In a number
of cases, PCBs were not even identified by the original authors
as a potential major contributor to sediment toxicity, even
though they were present in the sediment samples.

Unrepresentative databases

Most of the databases used to generate the SQGs for PCBs
or to validate the SECs were composed primarily of low
concentrations of PCBs, with relatively few samples having
elevated concentrations of PCBs (Table 3). It is likely that this
pattern would result in the calculation of SQGs that are lower
than the SQGs that would be calculated using databases that
included greater percentages of elevated PCB concentrations.
This result would likely be most apparent for those SQGs
that are based on the overall distributional properties of
databases, such as median values and various other percentiles
of the data. Those SQGs include any based on the method-
ologies used to calculate an ERL, ERM, TEL, PEL, or SEC. As
discussed previously, Smith et al. (1996) recognized that the
database used to develop the freshwater LEL and PEL was
generally biased toward reference and slightly contaminated
areas, and concluded that the database should be expanded to
represent a broader range of contaminated conditions.

By contrast with the SQGs based on the overall distribu-
tional characteristics of their underlying databases, AETs and
NECs are usually based only on the maximum no-effect value
in a database. However, a single exception is the PAET-WA,
which is calculated as the 95th percentile of the no-effects
data. The AETs and NECs should therefore be less affected by
the overall distributions of their underlying databases.
However, even the maximum no-effect values can be biased
toward low values if there are few elevated PCB concen-
trations in a data set, particularly when concentrations of
other chemicals covary with PCBs and cause or contribute to
toxicity at elevated PCB concentrations, making no-effect
data rare at elevated PCB concentrations.

For all but one of the SQG databases presented in Table 3,
PCB concentrations less than 0.5 mg/kg accounted for more
than 68% of the underlying databases. The only exception was
the database used to calculate the SEC for Southern
California. This pattern was particularly strong for the
saltwater ERL, ERM, TEL, and PEL, the Great Lakes SQGs,
and the California AETs, for which PCB concentrations in
85% or more of the underlying databases were less than 0.5
mg/kg. Taken together, those SQGs account for 12 of the 30
SQGs (40%) used by MacDonald, DiPinto, et al. (2000) to
calculate the SECs for PCBs.
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With respect to the freshwater and saltwater data sets used
by MacDonald, DiPinto, et al. (2000) to validate the SECs for
PCBs, both were composed primarily of low PCB concen-
trations, with 69% to 89% of those databases having
concentrations less than 0.5 mg/kg (Table 3). The saltwater
validation data set was particularly affected, because almost
90% of the data set was composed of PCB concentrations less
than 0.5 mg/kg, and concentrations in only 2.4% of its 1151
samples exceeded the EEC of 1.7 mg/kg for PCBs.

The results of the above analyses indicate that, in general,
the potential toxicity of PCBs at sediment concentrations
greater than the EEC has not been well characterized in past
studies, and has not been well represented in the databases
used in the development and testing of available SQGs for
PCBs. For example, the combined databases used to calculate
the freshwater ERL, ERM, TEL, and PEL, the saltwater ERL,
ERM, TEL, PEL, and the SEC for Southern California contain
more than 450 samples, but PCB concentrations exceed the
EEC in only 54 of those samples. This relative scarcity of
information on elevated concentrations of PCBs adds un-
certainty to the validity of existing SQGs. It is therefore
possible that if the SQG databases contained a better
representation of elevated PCB concentrations, the resulting
SQGs would be considerably greater than they are at present.
For example, 24 of the 54 samples (44%) with PCB
concentrations exceeding the EEC in the combined SQG
databases identified above are nontoxic. This fact clearly calls
into question the validity of the EEC as an indicator of
extreme effects.

Inferences related to predictive ability

As discussed previously, MacDonald, DiPinto, et al. (2000)
determined the predictive ability of the SECs for PCBs in
identifying the presence or absence of sediment toxicity using
the freshwater and saltwater SEC validation data sets. The
authors used criteria adapted from those of Long et al. (1998)
to determine whether the SECs were reliable. Using those
criteria, the MEC and EEC were considered reliable if their
predictive abilities exceeded 50% and 75%, respectively. The
observed predictive abilities of the MEC for the freshwater
and saltwater validation data sets were 68.3% and 55.9%,
respectively, and the predictive abilities of the EEC for the 2
validation data sets were 82.5% and 85.7%, respectively.
MacDonald, DiPinto, et al. (2000) therefore concluded that
both the MEC and EEC were accurate tools for predicting the
presence or absence of toxicity in field-collected sediments.

Although the evaluations of predictive ability conducted by
MacDonald, DiPinto, et al. (2000) document that the values
observed for the MEC and EEC exceeded the specified
performance criteria of 50% and 75%, respectively, these
evaluations do not demonstrate that PCBs are causally related
to the observed toxicity in the SEC validation data sets. As
discussed previously, the sediments evaluated in most of the
individual studies that make up the SEC validation data sets
contained numerous co-occurring chemicals, such that PCBs
either were not or could not be identified as the cause of any
observed toxicity by the original investigators.

Aside from issues related to causality, the predictive
abilities of the MEC and EEC observed by MacDonald,
DiPinto, et al. (2000) cannot be placed into a context relative
to most other chemicals, because comparable SECs have been
developed only for total PAHs (Swartz 1999). If SECs were
available for many of the other chemicals found in the studies
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that make up the SEC validation data sets, it is possible that
their predictive abilities would be greater than the values
found for PCBs. For example, MacDonald, Ingersoll, et al.
(2000) calculated predictive abilities for the 27 chemicals that
have PECs and found that the predictive abilities of all but 3
of the PECs were greater than the value of 82.3% found for
the PEC for PCBs.

In summary, the predictive abilities of the MEC and EEC
observed by MacDonald, DiPinto, et al. (2000) do not
demonstrate that PCBs are causally related to the observed
toxicity in the SEC validation data sets, or that those SECs are
necessarily the best predictors of toxicity in those data sets.
The meaning of the predictive abilities calculated by
MacDonald, DiPinto, et al. (2000) is therefore uncertain.

Inferences related to causation

MacDonald, DiPinto, et al. (2000) compared the SECs for
PCBs with 2 sets of SQGs developed using the EqP approach.
The 2 sets of EqP-based SQGs included the freshwater and
marine chronic SQGs for benthic aquatic life in New York
State (USA; NYSDEC 1999) and the SQG developed by
Bolton et al. (1985) to evaluate sediment quality conditions in
freshwater and saltwater sediments throughout the United
States. Assuming 1% organic carbon, the New York State
Department of Environmental Conservation values for fresh-
water and saltwater sediments convert to 0.19 and 0.41 mg/kg
on a dry-weight basis, and the value derived by Bolton et al.
(1985) converts to 0.07 mg/kg on a dry-weight basis.
MacDonald, DiPinto, et al. (2000) concluded that because
the TEC of 0.04 mg/kg and the MEC of 0.40 mg/kg were
similar to the EqP-based SQGs, confidence is increased in the
2 SECs. The authors also state that, to the extent that such
chronic toxicity thresholds are causally based, the consensus-
based SECs also reflect the concentrations of PCBs that are
likely to cause, or substantially contribute to, sediment
toxicity.

A review of the basis for each of the EqP-based SQGs
described above showed that none of them was based on
sediment toxicity to benthic macroinvertebrates. This fact
was also noted by Fuchsman et al. (2006). The freshwater
SQG of 0.19 mg/kg developed by NYSDEC (1999) and the
SQG of 0.07 developed by Bolton et al. (1985), and based on
JRB (1984), were derived from the final residue value (FRV)
identified by USEPA (1980) for protection of wildlife from
consumption of contaminated fish. That FRV was developed
using the lowest permissible tissue concentration for protec-
tion of mink (Mustela vison; Platonow and Karstad 1973) and
a bioconcentration factor based on salmonid fishes. The
saltwater SQG of 0.41 mg/kg developed by NYSDEC (1999)
was derived from the FRV identified by USEPA (1980) for
protection of the marketability of fish for human consump-
tion. That FRV was developed using the US Food and Drug
Administration’s historical action level of 5.0 mg/kg for PCBs
and a bioconcentration factor based on fish species consumed
by humans. Given that all 3 of the EqP-based SQGs are based
on bioaccumulation of PCBs in fishes, they have no relevance
for assessing the validity of the SECs for use as indicators of
sediment toxicity to benthic macroinvertebrates. As noted by
MacDonald, DiPinto, et al. (2000), the SECs do not consider
the potential for bioaccumulation of PCBs in aquatic
organisms. The conclusion of MacDonald, DiPinto, et al.
(2000) that the EqP-based SQGs increase confidence in the
SECs is therefore invalid.
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MacDonald, DiPinto, et al. (2000) also describe spiked-
sediment toxicity tests conducted by Swartz et al. (1988),
where the marine amphipod Rhepoxynius abronius was
exposed for 10 d to various concentrations of Aroclor 1254,
and an LC50 of 8.8 mg/kg was determined. To convert the
10-d LC50 value to a chronic value, MacDonald, DiPinto, et
al. (2000) applied an acute to chronic ratio of 11 that was
reported for the freshwater amphipod Gammarus pseudolim-
naeus by USEPA (1980), and derived an estimated chronic
toxicity value of 0.8 mg/kg. MacDonald, DiPinto, et al.
(2000) concluded that, because the MEC and EEC for PCBs
were comparable to the estimated chronic toxicity value,
confidence is increased that the 2 SECs are representative of
the PCB concentrations that are likely to cause or substan-
tially contribute to sediment toxicity.

A review of the spiked-sediment study conducted by
Swartz et al. (1988) showed that the sediments used in the
toxicity tests had an unusually low organic content, compared
to conditions commonly found in contaminated aquatic
sediments in the field. The sediments were collected from
Yaquina Bay (OR, USA), a relatively uncontaminated marine
embayment. The organic content of the sediments was
estimated by Swartz et al. (1988) as percent total volatile
solids (TVS), which was measured as percent weight loss after
drying the sediments at 550 °C for 1 h. The authors stated
that total organic carbon (TOC) typically represents 17.3% of
the TVS content of sediments at the Yaquina Bay sediment
collection site. The value of TVS measured in the sediments
used for the toxicity study ranged from 1.28% to 1.49%, with
a mean value of 1.39%. The mean TOC content of the
sediments can therefore be estimated as 0.24%. This TOC
value is unusually low relative to the values typically found in
contaminated aquatic sediments. For example, the overall
mean TOC content in the water bodies included in the
freshwater SEC validation data set used by MacDonald,
DiPinto, et al. (2000) was approximately 5%, with a range of
1.9% to 14% for specific water bodies (Table 2). For the
saltwater SEC validation data set, overall mean TOC content
was approximately 2%, with a range of 1.5% to 2.5% for
specific water bodies (Table 2).

Swartz et al. (1988) acknowledged that because of the low
amount of TVS (and therefore low TOC content) in the test
sediment, the concentrations of test chemicals in porewater
during the toxicity testing may have been high relative to
contaminated sites. The implication of this experimental
limitation is that the LC50 value for Aroclor 1254 deter-
mined by Swartz et al. (1988) may underestimate the LC50
values that would be found using sediments with TOC
contents comparable to those found at most contaminated
sites. A 2nd experiment conducted by Swartz et al. (1988)
supports this conclusion.

In the 2nd experiment, Swartz et al. (1988) evaluated
amphipod toxicity at 2 TVS concentrations: 1.30% and
1.72%. The estimated TOC concentrations associated with
the TVS values would be 0.22% and 0.30%, respectively. The
authors evaluated concentrations of Aroclor 1254 of 4.8 and
2.1 mg/kg with the lower TVS, and found amphipod survival
of 89% and 95%, respectively. They also evaluated concen-
trations of Aroclor 1254 that were approximately twice as
high (i.e., 9.4 and 4.6 mg/kg) with the higher TVS level, and
found that amphipod survival increased to 91% and 97%,
respectively, despite the higher concentrations of Aroclor
1254. These results show that the toxicity of Aroclor 1254
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was reduced with increased TVS levels, and presumably TOC
concentrations as well. It is noteworthy that although the
higher concentration of 9.4 mg/kg tested with a TVS level of
1.72% approximated the LC50 value of 8.8 mg/kg deter-
mined in the 1st experiment with a TVS level of 1.49%,
amphipod survival (i.e., 91%) was substantially greater than
50%. These results provide additional evidence that the
toxicity of Aroclor 1254 declined with increasing levels of
TVS, and presumably TOC.

If the EqP approach (DiToro et al. 1991) is used to estimate
the LC50 value that would have been observed using
sediments with a TOC content of 2% (i.e., the approximate
mean and minimum value found in the saltwater and
freshwater SEC validation data sets, respectively), the
estimated LC50 value would be approximately 73 mg/kg.
Using the acute to chronic ratio of 11 employed by
MacDonald, DiPinto, et al. (2000), the estimated chronic
toxicity value would be approximately 6.6 mg/kg, which is
considerably greater than the EEC of 1.7 mg/kg. These
results, and the information presented above, indicate that the
estimated chronic toxicity value of 0.8 mg/kg derived by
MacDonald, DiPinto, et al. (2000) is unusually low as a result
of the low TOC content of the test sediments used by Swartz
et al. (1988). Therefore, the conclusions of MacDonald,
DiPinto, et al. (2000) with respect to the implications of the
agreement between the estimated chronic value of 0.8 mg/kg
and the SECs are invalid with respect to their applicability to
most contaminated sediments.

In summary, the comparisons made by MacDonald,
DiPinto, et al. (2000) between the SECs and SQGs based
on the EqP approach do not indicate that the SECs for PCBs
are causally related to sediment toxicity, because the SQGs
are based on bioaccumulation in fishes rather than toxicity to
benthic macroinvertebrates. In addition, the LC50 for PCBs
determined by Swartz et al. (1988) has limited applicability
to sediments in most contaminated aquatic environments,
because it was determined using sediments with an unusually
low TOC content, estimated as 0.24%.

Site-specific contradictions

As discussed previously, most contaminated sediments
contain elevated concentrations of multiple chemicals, mak-
ing it difficult to reach definitive conclusions regarding the
toxicity of single chemicals. However, 2 of the freshwater
validation data sets used by MacDonald, DiPinto, et al. (2000)
were collected in water bodies where PCBs were the primary
chemicals found at elevated concentrations: Fox River-Green
Bay (WI, USA; Call et al. 1991) and Waukegan Harbor (IL,
USA; USEPA 1999). In this section, the results of those 2
studies are used to demonstrate how application of the SECs
for PCBs to site-specific conditions can result in erroneous
predictions of sediment toxicity. In addition, the results of
those studies are used to evaluate potential concentration—
response relationships between sediment toxicity and con-
centrations of PCBs.

Concentrations of PCBs at the 13 stations sampled in Fox
River-Green Bay by Call et al. (1991) exhibited a relatively
wide range (i.e., 0.09-6.8 mg/kg), with concentrations at 11
stations exceeding the MEC and concentrations at 7 of those
stations also exceeding the EEC. Sediment toxicity (i.e., based
on percent survival) was evaluated using the 10-d chironomid
test with Chironomius riparius and the 10-d mayfly test with
Hexagenia limbata. Although comparison of PCB concen-
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trations with the MEC and EEC predicts that 11 and 7 stations
should be toxic, respectively, only 1 station for each sediment
toxicity test was identified as toxic in the SEC validation data
set (MESL 1999). Therefore, the site-specific predictive
ability of the MEC was only 9% for each toxicity test, and
the site-specific predictive ability of the EEC was only 14% for
each test. These values are well below the target accuracies for
those 2 SECs of 50% and 75%, respectively, as specified by
MacDonald, DiPinto, et al. (2000), and demonstrate that use
of the SECs to predict the presence of sediment toxicity in Fox
River-Green Bay would result in the erroneous identification
of numerous sediment samples as toxic.

For Waukegan Harbor, concentrations of PCBs at the 18
stations sampled by USEPA (1999) also exhibited a relatively
wide range (i.e., 0.9-8.9 mg/kg), with concentrations exceed-
ing the MEC and EEC at 18 and 17 stations, respectively.
Sediment toxicity was evaluated using the 28-d amphipod
test with Hyalella azteca. According to USEPA (1999),
significant reductions (p < 0.05) in survival and growth were
found at 6 and 17 stations, respectively, based on statistical
comparisons with results for the negative controls (i.e., a
formulated sediment). However, USEPA (1999) noted that
mean survival in 4 of the 6 samples that were significantly
different (p < 0.05) from the mean value of 100% found in
the formulated sediment ranged from 84% to 88%, and were
greater than the minimum negative control value of 80% for
test acceptability. Mean amphipod survival in the 2 remaining
samples was 79% and 66%. USEPA (1999) concluded that the
sediments from Waukegan Harbor were generally not lethal
to the amphipods.

Although significant reductions (p < 0.05) in amphipod
growth were found at 17 of the 18 stations sampled in
Waukegan Harbor, the fact that the statistical comparisons
were made with results from negative controls composed of
formulated sediments, rather than sediment from a reference
area, may have unduly influenced the results. Because the
formulated sediment had few similarities to the sediments
from Waukegan Harbor, the meaning of the apparent
reductions in growth, and survival as well, is uncertain. For
example, concentrations of TOC (1.6%) and fine-grained
material (i.e., silt and clay; 27%) in the formulated sediment
were considerably lower than the values found in the test
sediments (i.e., 2.2%-7.8% and 47%-98%, respectively). In
addition, at the initiation of toxicity testing, the concentration
of dissolved oxygen in porewater of the formulated sediment
(9.6 mg/L) was substantially greater than concentrations in
the test sediments (1.6-5.2 mg/L), and concentrations of total
ammonia (0.39 mg/L) and total sulfide (<1 pg/L) in
porewater of the formulated sediment were considerably
lower than concentrations in the test sediments (4.3-63 mg/L
and 4-330 pg/L, respectively). Given these relatively large
dissimilarities between many of the characteristics of the
formulated and test sediments, it is possible that those
differences alone resulted in subtle differences in amphipod
growth between the 2 kinds of sediment. Furthermore,
although the range of observed mean amphipod lengths in
the test sediments (3.5-4.3 mm) was lower than the mean
value of 4.6 mm found in the formulated sediment, they were
all greater than the performance level for negative control
sediments (3.2 mm) used by USEPA (2000) to evaluate
laboratory performance of the 28-d H. azteca test.

Based on the information on Waukegan Harbor sediments
presented above, it is clear that lethal toxicity was not
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Figure 1. Relationship between sediment toxicity endpoints for the 10-d Chironomus riparius and Hexagenia limbata tests and concentrations of total PCBs

from Fox River—Green Bay (WI, USA).

widespread in the samples. Although statistical differences in
amphipod length were found for all but one of the sediment
samples, it is questionable whether those differences were
related to chemical toxicity or to differences in other
sediment characteristics between the formulated and test
sediments. The determination of whether the growth results
are indicative of chemical toxicity is important, because 17 of
those values account for 52% of the toxic samples with PCB
concentrations greater than the EEC in the freshwater SEC
validation data set (MESL 1999). If those 17 values were
reclassified as nontoxic, the predicative ability of the EEC
would drop from the value of 82.5% presented in MacDon-
ald, DiPinto, et al. (2000) to only 55%. Furthermore, if the 4
survival values of 84% to 88% were reclassified as nontoxic
because survival exceeded the minimum allowable negative
control value, the predictive ability of the EEC would decline
further to 45%. These examples demonstrate how sensitive
the predictive ability of the EEC is to the single data set for
Waukegan Harbor, and therefore call into question the
robustness of the calculated predictive ability.

Given the uncertainties described above regarding the
designation of stations in Waukegan Harbor as toxic or
nontoxic, an evaluation of potential concentration-response
relationships between the toxicity endpoints and concen-
trations of PCBs is particularly valuable, because the
interpretations of the results do not depend on comparisons
with negative controls or reference sediments. In addition,
evaluations of concentration-response relationships can
sometimes help reduce interpretive difficulties associated
with multiple co-occurring chemicals. That is, if a chemical is
the primary cause of the observed sediment toxicity, one
would expect to find relatively monotonic toxic responses in
relation to increasing concentrations of the chemical, regard-
less of the presence of co-occurring chemicals. If such a
response is not found, it is likely that the chemical is not a
major contributor to toxicity.

For Fox River-Green Bay, concentration—response relation-
ships were not found for either the 10-d Chironomus riparius

test or the 10-d Hexagenia limbata test, because percent
survival did not exhibit a consistent negative relationship with
increasing concentrations of PCBs (Figure 1). In addition,
survival of C. riparius exceeded the minimum allowable
negative control value of 80% for all but 1 sample, including
the value of 95% found for the highest PCB concentration of
6.8 mg/kg. Survival of H. limbata exhibited a wider range
along the gradient of PCB concentrations. Although survival
was less than the minimum acceptable control value of 80% at
approximately half the stations, values as high as 100% were
found at PCB concentrations as high as 3.1 and 4.0 mg/kg.

For Waukegan Harbor, no consistent concentration-re-
sponse relationships were found for the Hyalella azteca test
across the range of PCB concentrations evaluated, based on
either the 28-d or 42-d exposure periods evaluated by USEPA
(1999; Figure 2). However, percent survival began to exhibit a
decline at PCB concentrations of 6 to 8 mg/kg for both
exposure periods. For the 28-d exposure period, amphipod
survival exceeded the minimum allowable negative control
value of 80% for all but 1 sample, including the value of 90%
found at a PCB concentration as high as 7.7 mg/kg. Survival
was substantially reduced only at the highest PCB concen-
tration of 8.9 mg/kg, for which a value of 66% was found. For
the 42-d exposure period, amphipod survival exceeded 80%
for all but 3 samples, including the value of 95% found at a
PCB concentration as high as 7.4 mg/kg. Survival was
substantially reduced only at the highest PCB concentration
of 8.9 mg/kg, for which a value of 63% was found. For the
growth endpoints in both the 28- and 42-d exposure periods,
amphipod length showed no evidence of a negative relation-
ship with increasing PCB concentrations, and the highest
length values for the 28- and 42-d tests (i.e., 4.3 and 4.6 mm,
respectively) were found at PCB concentrations of 7.4 and 7.3
mg/kg, respectively.

In summary, the evaluations described in this section for
Fox River-Green Bay and Waukegan Harbor indicate that use
of the SECs for PCBs to identify the presence of sediment
toxicity on a site-specific basis can result in highly erroneous
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Figure 2. Relationship between sediment toxicity endpoints for the 42-d Hyalella azteca test and concentrations of total PCBs in Waukegan Harbor (IL, USA).

conclusions, because the predicative ability of the MEC and
EEC were both less than 15% when applied to sediments
from Fox River-Green Bay. In addition, although all but 1
station sampled in Waukegan Harbor were identified as toxic
by USEPA (1999), most of those designations may be largely
an artifact of the use of a negative control sediment that had
little similarity to the test sediments, because survival in 4 of
the 6 toxic stations based on that endpoint exceeded the
minimum allowable negative control value, and all of the
length values for the toxic stations exceeded the performance
level for negative control sediments used by USEPA (2000).
Aside from statistical determinations of the presence or
absence of significant (p < 0.05) toxicity, evaluations of
concentration-response relationships between the various
sediment toxicity endpoints and concentrations of PCBs in
both Fox River-Green Bay and Waukegan Harbor showed
that there was no consistent negative relationship between
toxicity and PCB concentrations, and that some of the highest
values of survival and growth in the toxicity tests were found
at PCB concentrations as high as 7.3 to 7.7 mg/kg, casting
considerable doubt on the validity of the 1.7 mg/kg EEC as an
indicator of extreme effects.

CONCLUSIONS

Results of this critical evaluation of the SECs for PCBs
indicate that the SECs are simple mathematical constructs
that share the same limitations as their underlying SQGs. The
SECs are questionable “consensus” values, because many of
their underlying SQGs are dissimilar, misclassified, or
redundant with other SQGs. Because nearly all of the data
sets included in the databases used to calculate the underlying
SQGs, or in the 2 data sets used to validate the SECs, are
affected by elevated concentrations of multiple co-occurring
chemicals, it is not possible to conclusively identify PCBs as
the cause of any of the observed sediment toxicity. The SECs,
and most of their underlying SQGs, are likely biased by the
fact that their underlying databases are composed primarily of
PCB concentrations <0.5 mg/kg, and contain relatively few
samples with PCB concentrations greater than the EEC.
Comparisons between the SECs and bioaccumulation-based
SQGs calculated using the EqP approach provide no
information on whether the SECs are causally related to
sediment toxicity. The primary available LC50 value for PCBs
conducted using spiked-sediment toxicity tests has limited
applicability to most contaminated aquatic environments,
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because it was determined using sediment with an unusually
low TOC content. Finally, site-specific application of the
SECs indicated that the predictive ability of both the MEC
and EEC was very low, that concentration-response relation-
ships were not found between PCBs and a variety of test
species and toxicity endpoints, and that some of the highest
values of survival and growth in the toxicity tests were found
at PCB concentrations more than 4 times as great as the EEC,
casting considerable doubt on the validity of that SEC as an
indicator of extreme effects.

Based on the results of this study, we conclude that the
SECs for PCBs should be used only in the screening-level
evaluations that typically precede more direct assessments of
sediment toxicity at individual study sites, and should not be
used to predict the presence of sediment toxicity. In such
screening-level assessments, measured sediment concentra-
tions that are less than the TEC can likely be assumed to be
nontoxic with respect to PCBs, because of the very low
concentration of that SEC. However, conclusions concerning
the existence of significant sediment toxicity related to PCBs
should be based primarily on site-specific assessments of
biological effects that address such factors as site-specific
bioavailability and the presence or absence of concentration—
response relationships. Laboratory studies that address po-
tential causality, such as toxicity identification evaluations and
spiked sediment studies, may also be useful.

Most contaminated sediment sites, especially those in
urban areas, contain complex mixtures of chemicals in the
sediments. At such sites, both the kinds of co-occurring
chemicals and their relative concentrations can vary consid-
erably, reducing the utility of any kind of SQG expressed as
the concentration of a single chemical or chemical group.
The inherent complexity introduced by co-occurring chem-
icals does not lend itself to simplified predictive relation-
ships based on a single chemical or chemical group, such as
PCBs.

Given the limitations of the SECs for PCBs identified in
this paper, we conclude that these values cannot be used alone
to reliably identify PCBs as the cause of any toxicity observed
in the kinds of sediments typically found at contaminated
sites. Contrary to the conclusions of MacDonald, DiPinto, et
al. (2000), the SECs for PCBs do not reconcile existing SQGs,
do not reflect causal effects, and should not be used to
determine the spatial extent of injury to sediment-dwelling
organisms.
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