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. Abstract—-—Sedlmenl quality guidelines (SQGs) have been published for po]ychlormatcd biphenyls (PCBs) using both empmcal
" and theoretical approaches. Empirically based guidelines have been developed using the screening-level concentration, effects range.
- effects level, and apparent effects threshold approaches. Theoretically based guidelines have been developed using the equilibrium-
i partmonmg approach. Empirically-based guidelines were classified into three general categories, in accordance with their original
narrative intents, and used o develop three consensus-based sediment effect concentrations (SECs) for 101a] PCBs (1PCBs), including
a threshold effect concentration, a midrange effect concentration, and an extreme effect concentration. Consensus-based SECs were
derived because they estimate the central tendency of the published SQGs and, thus, reconcile the guidance values that have been
derived using various approaches. Initially, consensus-based SECs for tPCBs were developed separately for freshwaler sediments
and for marine and estuarine sediments. Because the respective SECs were statistically ssimilar, .the underlying SQGs were sub-
sequently merged and used 10 formulate more generally apphcable SECs. The three consensus-based SECs were then evaluated
for reliability using matching sediment chemistry and toxicity data from field studies, dose-response data from spiked-sediment
toxicity. tests, and SQGs derived from the equilibrium-partitioning approach. The results of this evaluation demonstrated that the
consensus-based SECs can accuraiely predict both the presence and absence of 1oxicity in field-collected sediments. Impornantly,
the incidence of toxicity increases incrementally with increasing concentrations of tPCBs. Moreover, the consensus-based SECs
‘are comparable to the chronic toxicity thresholds that have been estimated from dose-response data and equilibrium-partitioning’

models. Therefore, consensus-based SECs provide a unifying synthesis of existing SQGs. reflect causal rather than correlative
effects, and accuraiely predici sediment 1oxicity in PCB-contaminated sediments.

l'()

'“TKeywords——-Polychlorlnaled biphenyls Mixtures

Sediment quality guidelines Sediment
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INTRODUCTION * ever, have made it difficult for users of SQGs to select the

tools that aré most relevant for their specific application.
The purpose of this paper is to resolve some of these dif-
. ficulties by providing a unifying synthesis of the published
freshwater, estuarine, and marine SQGs for PCBs. To this end,
published SQGs for PCBs were assembled and classified in
accordance with their narrative ihtem. and the SQGs that fell
within three general categories were used to develop consen-
sus-based sediment effect concentrations (SECs). Specifically,
a threshold effect concentration (TEC; below which ‘adverse
effects are unlikely to ‘'occur), a midrange effect concentration
(MEC; above which adverse effects frequently occur), and an
extreme effect. concentration (EEC; above which adverse ef-
fects usually or always occur) were established. Consensus-
" based SECs were derived because they provide a means of
reconciling SQGs that have been developed using the various
empirically based approaches. The consensus-based SECs
were then evaluated regarding their ability to predict sediment
toxicity in field-collected sediments from various locations in
the United States. The consensus-based SECs ‘were also eval-

uated to determine if they reflected causal rather than correl-
ative effects as indicated ngino the recnlic Af cnibad cadiena

 create sedunent quality guidelines (SQGs) for polychlor- =
ed biphenyls (PCBs) in freshwater, estuarine, and marine
>ms. These approaches include the equilibrium-parti-
(EqP) approach [1,2], screening-level concentration -
ch [3], effects range approach [4), effects level approach -

,an three orders of magnitude [3,4,7-11]. Similarly, the
for assessing the potential effects of tPCBs m marine

ff)'mg chemicals and chemical mlxtures. ecologlc rel-
f certain SQGs, and determination of causality, how-

Views expresscd herein are 1hose of lhe authors and do nol
‘]y reflect the vicws of the National Oceanic and Atmospheric
Tation or any of its subagencies.
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toxicity tests (with single chemicals and simple chemical mix-
tures) and EqP models. '

The consensus-based SECs presented in this paper are in-
tended to provide a basis.for assessing the potential effects of

PCBs on sediment-dwelling organisms. However, PCBs also -

bioaccumulate in the tissues of aquatic organisms and cause
adverse effects in the food web. Therefore, the consensus-
based SECs should not be used alone to assess sediment qual-
ity. Other tools, such as bioaccumulation tests, tissue chemistry
- data, and tissue residue guidelines, are also needed to evaluate

the potential effects of PCBs on both wildlife and human
health.

MATERIALS AND METHODS
Derivation of consensus-based SECs

A stepwise approach was used to develop the consensus-
based SECs for PCBs. First, published SQGs for PCBs that
have been developed by various investigators to support qual-
ity assessments of freshwater, estuarine, and marine sediments
were collected and collated. The published SQGs were com-
piled directly into spreadsheets in MS Excel® format (Micro-

soft Corporation, Redmond, WA, USA). The SQGs that were

expressed on an organic carbon-normalized basis were converted
to dry weight (dry wt)-normalized concentrations assuming
1% organic carbon. The 1% organic carbon value was selected
because the average levels of organic carbon in marine and
estuarine sediments {5] and in the freshwater sediments [9]
were similar to this level (1.2 and 1.5%, respectively). The
existing SQGs were compiled on a dry wt-normalized basis,
because the results of earlier studies have indicated that such
tools predict sediment toxicity as well as; or even better than,
the organic carbon-normalized SQGs [15,16] and because
many of the underlying SQGs were expressed on a dry-weight
basis only. ' )

The SQGs were then .classified to facilitate the derivation
of consensus-based SECs. The SQGs that applied to freshwater
sediments and those that applied to marine and estuarine sed-
iments were initially grouped separately. Next, the SQGs were
grouped into three categories according to their original nar-
rative intent, including TECs, which were intended to identify
concentrations of PCBs below which adverse effects on sed-
iment-dwelling organisms were unlikely to be observed;

-MECs, which identify concentrations of PCBs above which

adverse effects on sediment-dwelling organisms are frequently
observed; and EECs, which identify concentrations of PCBs
-above which adverse effects on sediment-dwelling organisms
are usually or always observed [1]. Only the empirically de-
rived SQGs were used to derive the consensus-based SECs.
The theoretically derived SQGs were used subsequently to
determine if PCBs are likely to cause, or substantially con-

" tribute to, sediment-toxicity at concentrations greater than the .

MEC and EEC (rather than simply being associated with tox-
icity).

Several indicators of central tendency were considered for
calculating consensus-based SECs for PCBs, including the
arithmetic mean, geometric mean, and median. Each of these
indicators has both advantages and limitations that affect their
applicability for calculating consensus-based SECs; no perfect

indicator of central tendency exists. In this study, the geometric

mean was selected to support the calculation of consensus-
based SECs for each category of SQGs. This indicator was
used because it tends to minimize the effect of single values

on the estimate of central tendency and because the distribution

6f the SQbé within each category was unknown (i.e.3

metic mean is most appropriate for normally- d;smbute" Hi
[17n.

compared 1o determine if they were statistically simil
indicated by a lack of statistical difference based on the

of modified Student's r tests. Comparability of the SE
the two media types was considered to provide sufficienf
tionale for merging the underlying SQGs to support thaltg
ivation of more generally applicable SECs. Final cons
based SECs were calculated only if three or more SQG
available in the pooled data set for a chemical substan
group of substances.

Evaluation of consensus-based SECs

The reliability of the consensus-based SECs for ass
sediment quality conditions was evaluated in several way
determining their predictive ability (i.e., their ability lo :
rectly classify sediment samples as toxic or not toxic [Hj
by evaluating the degree of concordance between PC
centrations and the incidence of adverse effects on sedim
dwellmg orgamsms and by determmmg if the empmcall 4

tially ‘contribute to, sediment toxicity). ;

To support the evaluation of predictive ability, matc g
sediment chemistry and biological effects data were assembfgt
from a variety of freshwater, estuarine, and marine loca‘
in the United States. Because the candidate data sets
generated for a variety of purposes, each data set was critic
evaluated to ensure the quality of the data used for evalu
the predictive ability of the SECs [18]. Data from the follov
freshwater locations were used: Grand Calumet River an
diana Harbor Canal, Indiana, USA {19,20}; Indiana H
Indiana, USA [16]; Lower Fox River and Green Bay, .
consin, USA [21); Potomac River, District of Columbia, USAr
[22-24]; Saginaw River, Michigan, USA [16]; Trinity Rivﬂ;
Texas, USA [25]; Upper Mississippi River, Minnesota to Mig.
souri, USA '[16,26};. and Waukegan Harbor, Illinois, US \
[16,27]. These swdies provided 10 data sets (195 sedlm
samples) with which to evaluate the predictive ability ofj %
SECs for PCBs. Sediment samples were considered to be t02 C:
if a statistically significant response was observed for any‘
the following endpoints: amphipod (Hyalella azteca) surviyh
and’ growth, mayfly (Hexagenia limbata) survival, mlég-.:
(Chironomus tentansor Chironomus riparius) survwal
growth, and daphnid (Ceriodaphnia dubia) survival.

Matching, synoptically collected sediment chemistry B&I
toxicity data were also compiled from several studies €%
ducted in marine and estuarine locations, including Bisca
Bay, Florida, USA [18; E.R. Long, published datal; Envxron‘
mental Monitoring and Assessment Program Virginian P n#
ince [18); Hudson-Raritan Estuary, New York, USA [28); Huuf
son-Raritan Estuary/Newark Bay, New York/New Jersey, u £
[18; unpublished sediment chemistry and toxicity datal; L¢ miq'
Island Sound, USA [18]; Naragansett Bay, Rhode Island, Us, ;
[29]; Puget Sound, Washington, USA [30}; San Diego B4, "';?
California, USA [18}; San Francisco Bay, California, u 433’»
[31]; San Pedro Bay, California, USA [18]; South Care!
and Georgia, USA [18]; and Tampa Bay, Florida, USA (1!
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,otal, information on the chemical composition and toxicity
i 1,151 sediment samples was obtained. In these studies,
cdiment toxicity was assessed using the results of toxicity
1S conducted on the amphipods Ampelisca abdita and Rhe-

onius abronius. ) o
‘ l’"‘l'n this study, predictive ability was defined as the ability
- of the SECs to correctly classify sediment samples as being
sxic or nontoxic. Predictive ability was calculated as the ratio
of the number of samples that were correctly classified as toxic
of pontoxic and the number of samples that were predicted to

e 10XIC Or nontoxic using the various SECs (predictive ability
' ith PCB concentrations less than the TEC were predicted to
1 nontoxic, whereas those with concentrations greater than
ne MEC or the EEC were predicted to be toxic. Samples with
pCB concentrations between the TEC and MEC were neither
predicted to be toxic nor to be nontoxic (the SECs are not
- imended to provide guidance within this range of concentra-
ions)-
j Criteria for evaluating the predictive ability of the SECs
were adapted from those of Long et al. [18]. Specifically, the
TEC. was considered to provide a reliable basis for assessing
sediment quality if more than 75% of the sediment samples

samples were’ carrectly predicted to be toxic. Therefore, the
urget level for both false-positive classifications (i.e., samples
incorrectly classified as being toxic) and false-negative clas-
sifications (i.e., samples incorrectly classified as being non-
joxic) was 25% using the TEC and EEC. Because the MECs
are intended to identify contaminant concentrations greater
than that at which adverse effects frequently occur, the MEC
was considered to be reliable if the incidence of toxicity was
more than 50% at- PCB concentrations greater than this level.
The degree of concordance between PCB concentrations and
sediment toxicity was evaluated by determining the incidence

_ of toxicity within the four ranges of concentrations defined by

the three SECs (i.e., <TEC, TEC-MEC, MEC-EEC, and
>EEC). o
Data from spiked-sediment toxicity tests and EqP models
provide specific information for identifying the concentrations
: of sediment-associated PCBs that are likely to cause toxicity
lo sediment-dwelling organisms, either when the PCBs occur

alone or in simple mixtures with other contaminants. To de-.

termine if the empirically derived SECs identified the con-
_centrations of PCBs that are likely to cause adverse effects on
sediment-dwelling organisms (as opposed to merely being as-
sociated with such effects), the TEC, MEC, and EEC were
vompared with the results of dose-response studies and EqP
models for PCBs. First, the results of spikpd—sediment toxicity
tests and related toxicological data were reviewed to identify

thronic toxicity thresholds for PCBs. Likewise, the results -

from EqP models were used to identify the concentrations of
*_)‘C.BS above which adverse effects are likely to occur on sen-
“tive, sediment-dwelling organisms (i.e., during longer-term

F‘Xposures).' The consensus-based SECs were considered to be

L"fm}?arabla to the chronic effects thresholds if they agreed
Within a factor of three (i.e., * a factor of 3, as recommended
¥ Lorenzato et al. [32)). '

'

D"SCription and classification of -existing SQG for PCBs

. Both empirical and theoretical approaches were considered
0 support the derivation and evaluation of consensus-based

43 expressed as a percentage). In this evaluation, samples’

were correctly predicted to be nontoxic. Similé:ly, the EEC |
was considered to be reliable if more than 75% of the sediment .
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SECs for PCBs, various PCB mixtures, and/or individual PCB
congeners, including the screening level concentration ap-
proach, effects range approach, effects level approach, AET
approach, and EqP approach. Each of these approaches is de-
scribed in the literature, but some confusion remains concern-
ing how the SQGs are-derived and what they actually mean.
Therefore, a brief description of each approach is offered to
provide sufficient background information to understand the
underlying SQGs that were used to derive the consensus-based
SECs. Each of the published SQGs was classified as TEC,
MEC, or EEC, based on the descriptions of their narrative
intents.

Screening level concentration approach

The screening level concentration is a biological effects—
based approach that is applicable to the development of SQGs
for the protection of benthic organisms. This approach uses
matching biological and chemistry data collected in field sur-
veys to calculate a screening level concentration (3], which is
an estimate of the highest concentration of a contaminant that -
can be tolerated by a predefined proportion of benthic infaunal -

species.

The screening level concentration is determined through
use of a database containing information on the concentrations
of specific contaminants in sediments and on the co-occurrence
of benthic organismis in those same sediments. For each benthic
organism for which' adequate data are available, a species
screening level concentration is calculated. The species screen-
ing level concentration is determined by plotting the frequency
distribution of the contaminant concentrations over all the sites
at which the species occurs; information from at least 10 sites

" is required to calculate a species screening level concentration.

The 90th percentile of this distribution is considered to be the
screening level concentration for the species being investi-
gated. Species scréening level concentrations for all the species
for which adequate data are available are then compiled as a
frequency distribution to determine the concentration that can

~ be tolerated by a spécific proportion of the species. For ex-

ample, the fifth percentile of the distribution would provide a
screening level concentration that should be tolerated by 95%
of the species. This concentration is termed the screening level
concentration of the .contaminant. - '
Several jurisdictions have used screening level concentra-
tions to derive numeric SQGs. In the St. Lawrence River, .two
SQGs were developed for five groups of PCBs using the
screening level concentration approach, including a minimal
effect threshold and a toxic effect threshold [7). The minimal
effect threshold was calculated as the 15th percentile of the
species screening level concentrations, whereas the toxic effect
threshold was calculated as the 90th percentile of the species

_screening level concentration distribution for each substance.

Therefore, the minimal effect threshold and toxic effect thresh-
old are considered to provide protection for 85% and 10%,
respectively, of the species represented ‘in the database. Sim-
ilarly, Environment Ontario has develop a lowest effect level
and severe effect level for each of five groups of PCBs by
using this approach [8]. Neff et al. [3] also developed a screen-
ing level concentration for tPCBs primarily by using data from
the Great Lakes. o '

For calculating consensus-based SECs, the minimal effect
threshold, lowest effect level, and screening level concentra-
tion.were cansidered to represent TECs, because they are ex-
pected to protect 85 to 90% of sediment-dwelling organisms.
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The toxic effect thréshold and severe effect level were con-
sidered to represent EECs, because adverse effects are ex-
pected on 90% of sediment-dwelling species at greater than
such concentrations.

Effects range approach

The effects range approach to derivation of SQGs was de-
veloped to provide informal tools for assessing the potential
for various contaminants, tested in the National Oceanic and
Atmospheric Administration’s National Status and Trends Pro-
‘gram, to be associated with adverse effects on sediment-dwell-
-ing organisms [4]). First, a database was compiled that con-
tained information on the effects of sediment-associated con-
taminants, including data from spiked-sediment toxicity tests,
matching sediment chemistry and biological effects data from

field studies in the United States, and SQGs that were derived .

.using various approaches. All the information in the database
was weighted equally, regardless of the method that was used
to develop it. ' .

Candidate data sets’ from field studies were evaluated to
determine their applicability for incorporation into the database
[5). This evaluation was designed to determine the overall
applicability of the data set, the methods used, the endpoints
measured, and the degree of concordance between the chemical

“and the biological data. Data that met the evaluation criteria
were incorporated into the database. 1

The database that was compiled included several types of
information from each study. Individual entries consisted of
the concentration of the contaminant, the location of the study,

- the species tested and the endpoint measured, and an indication
of any concordance between the observed effect and the con-
centrations of a specific chemical (i.e., no-effect, no.or small
gradient, no concordance, or a hit, which indicated that an
effect was measured in association with elevated sediment
chemistry). Data from nontoxic or unaffected samples were
assumed to represent background conditions. Data that showed

no concordance between ‘chemical and biological variables

were included in the database but-were not used to calculate
the SQGs. Data for which a biological effect was observed in
association with elevated chemical concentrations (i.e., hits)

‘were sorted in ascending order of concentration, and the 10th-

and 50th-percentile concentrations for each compound were

" determined. The effects range-low (i.e., 10th-percentile value)

was considered to represent a lower threshold value, below

which adverse effects on sensitive life stages and/or species
occurred infrequently. The effects Tange-median (i.e., S0th-

_ percentile value) was considered to represent a second thresh-

old value, above which adverse effects were frequently ob-

served. Thése two parameters were then used as informal

SQGs [4,14]. The U.S. Environmental Protection Agency

(EPA) [16] used a similar approach to derive effects range— -

lows (15th-percentile of the effects data set) and effects range—
medians (50th-percentile of the effects data set) for assessing

sediments from various freshwater locations. Sifnilarly, Mac-’

Donald [15)] applied the effects range approach to regionally
collected field data to derive site-specific SECs for PCBs and
DDTs in the-Southern California Bight, USA.

For calculating consensus-based SECs, the effects range~
low values were considered to represent TECs, because ad-
verse effects are expected to be observed only infrequently at
concentrations less than such SQGs. In contrast, the effects
range-median [4,14] and SEC [15] values were considered to

_ approach is supported by an expanded version of the databag,

- tains SQGs derived using various approaches. The informaig,

“'effects data set and the 85th percentilé of the no-effects dat

~veloped for use in the Puget Sound area of Washington stalf.
" [33). The AET approach: is based on empirically defined 1

.. is intended to define the concentration of a contaminant ¥
~ sediment above which significant (p =< 0.05) bioclogical effectt

- and either dry wt- or total organic carbon-normalized ¢

' sediment-quality standards and minimum clean-up levels

'D.D. MacDonald et

represent MECs, because adverse effects are likely to be gy, ’
served at concentrations greater than such values. '

|
Effects level approach

S
The effects level approach is closely related to the effec '
range approach described earlier. However, the effects leve

that was used to derive ther effects levels [4]. This expandey
database contains matching sediment chemistry and biologic
effects data from spiked-sediment toxicity tests and from fielg
studies conducted throughout North America, including boy
effects and no-effects data. The expanded database also cop.

e

contained in the expanded database was evaluated and clas.
sified in the same manner the original National Status ang
Trends Program database was compiled. ,

In the effects-level approach,.the underlying informatioy .
in the. database was used to derive two types of SQGs, in -;
cluding threshold effect levels and probable effect levels. The
threshold effect level, which is calculated as the geometrie
mean of the 15th percentile of the effects data set and the 501
percentile of the no-effects data set, represents the chemicil :
conceniration below which adverse effects occurred only in- |
frequently. The probable effect level represents a second
threshold value, -or the concentration above which adverse ef
fects were frequently observed. The probable effect level is
calculated as the geometric mean of the 50th percentile of the

set. These arithmetic procedures have been applied to the ex-
panded database to derive numeric SQGs (i.e., threshold effect
levels and probable effect levels) for Florida, USA, coastal
waters [5]; U.S. freshwater systems (9]; and Canadian fresh
water and marine systems [10]. ;

Because adverse effécts are expected to be observed only
infrequently at concentrations below the threshold effect lev:
els, they were considered to represent TECs for calculating
consensus-based SECs.’ Similarly, the probable effect levels |
were considered to represent MECs, because adverse effect
are likely to be observed at concentrations above such values.

o

AET apprdach
The AET approach to the development of SQGs was de-

lationships between measured concentrations of a contaminan
in sediments and observed biological effects. This approﬁfh

are always observed. These biological effects include, but aﬂ
not limited to, toxicity to'benthic and/or' water-column specie’
(as measured using sediment toxicity tests), changes in ”‘f
abundance of various benthic species, and changes in benth®
community - structure. In Puget Siound, Washington, USA, fo!
example, four AET values have been generated,- includité
AETs for Microtox® (Azur, Carlsbad, CA, USA), oyster Jar vae
benthic community, and amphipods. The AET values are ba

on dry wt-normalized contaminant concentrations for med?

centrations for organic substances [6,34]. The state of Was
ington, USA, has used the various AET values io establ!

contaminants of concern in the state. : ’
Recently, Cubbage et al. {11] refined this approach 10 sof
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s iment effect concenteations for PCBs

i are hkely tol

the development of probable AETs using matching sed-
‘h values,

1 chemistry and toxicity data for freshwater sediments
" ihe state of Washington, USA. Ingersoll et al. [9] and
f U.S. EPA [16] used a similar approach to develop fresh-
f el AETs (termed no-effect concentrations in that study)
A i data from various freshwater locations.

Classxﬁcmxon of AET values is challenging, because the
ive sensitivity of each endpoint varies for different chem-
5. In this study, AET-type values for tPCBs were classified
Dmree categories to facilitate derivation of consensus-based
§ECs: The AET values for the most sensitive endpoints (iden-
gfed here as low-range AETs), including the freshwater AET
f& Microtox, the California AET for bivalve embryos, and
| e Puget Sound AET for Microtox, were classified as being
. {£Cs, because adverse effects are not expected at concentra-
ER ;ons less than these values. The AETs for the endpoints that

related to ¢ el
ser, the effec
rsion of the §
- [4]. This
nistry and
‘tests and’
rica, incly
| database

evaluated ag
Yational Stat

rlying inform®g¥ nibited intermediate sensitivities (identified here as mid-
ypes of SQ ' ange AETs) were considered to represent MECs, because ad-
s effect leve[MKE werse effects are likely to be observed for most of the endpoints
I as the g geasured at concentrations greater than such values; these
1ta set'and

§QGs included the freshwater no-effect concentrations , fresh-
sater probable AETs for amphipods, California AETs for ben-
 thic community, and the Puget Sound AETs for oysters and
- penthic community. The AETSs for the least sensitive endpoints

occurred
TESENts a

AETs for amphipods, the California AETs for amphipods, and
h he Puget. Sound AETs for amphipods, were considered to
rpresent EECs, because adverse effects on all the endpoints
measured are expected at concentrations above such values
& (e, 'high-range AETs are greater than all the other AETS;
o} erefore, adverse effects can be expected on all the endpoints
for which AETs were derived). - '

EqP approach

The water-sediment EqP approach has been one of the most
sudied and cevaluated techniques for developing SQGs for
nonpolar organic chemicals and metals [2,35-39]. This ap-
proach is based on the premise that the distribution of con-
aminants among different compartments in the sediment ma-
trix (i.e.. sediment solids and interstitial water) is predictable
based on their physicochemical properties, assuming that con-
tinuous-equilibrium exchange between sediment and intersti-
il water occurs. This approach has been supported by the
fesults .of spiked-sediment toxicity tests, which indicate pos-
Mive correlations between the _biological effects observed and
the concentrations of contaminants measured in the interstitial
Raer (2 39,40].

In.the EqP approach, water quality cnterla developed for

‘Upport the SQG derivation pracess. As such, water quality
;:‘:”ﬂ formulated: to protect the water-column species are
e c‘;llﬁd 1o be applicable to benthic organisms' [2]. The SQGs
aly thf-ulazed using the appropriate water quah]ty criteria, usu-

¢ final chronic values or equivalent criteria [41], in

ues areni ; x: Specific contaminants. The final chronic value is derived
15 for i i u“m the species mean chronic values that have been calculated
nalize€ G r"g Published toxicity data, and it is intended to protect 95%

3
ganq\lanc species. The calculation procedure for nonionic or-
. ¥ contaminants is

QG = K, - FCV
W
here S0OG is the sediment-quality guxdelme (ngrkg). K, is

" \identified here as high-range AETs), including the freshwater '

[
e protection of freshwater or marine organisms are used to

to .
Nunction with the sediment/water partition coefficients for

Environ, Toxicol. Chem. 19, 2000 1407

the partition coefficient for the chemlcal (L/kg), and FCV is
the final chronic value (ug/L).

The K is a function of the partition coefficient for sediment
organic carbon (K,.) of the substance under consideration and
the amount of organic carbon in the sediment under investi-
gation (f,.), where K, = K, - f.. [2]. The K, for nonionic -
substances can be calculated from its octanol-water partition-

~ coefficient (K,,) [2]. For PCBs, the K, values that have been

measured for individual PCB congeners vary over several or-
ders of magnitude. Therefore, derivation of an SQG for total
PCBs using this approach necessitates selection of a K,,,, that
is representative of the compounds within this class (i.e., a X,,,,
for Aroclor® 1254 [Monsanto Chemical Company, Sauget, IL,
USA], which is a mixture of many PCB congeners). )

The EqP approach provides a theoretical basis for identi--
fying chronic effects thresholds for PCBs when they occur

. alone in sediments. The EqP-based SQG ‘were not used to

derive consensus-based SECs. Instead, EqP-based SQGs were
used to evaluate consensus-based SECs in terms of their ability
to identify PCB concentrations above which PCBs would
cause, or substantially contribute to, sediment toxicity. Two
sets of EqP-based SQGS were identified for tPCBs, including
the freshwater and marine SQGs. for New York state, USA
[42], and the more general]y apphcab]e SQG derived by Bolton

et al. [36].
4 RESULTS
Derivation of consensus-based SECs

Existing SQGs for freshwater sediments that satisfied all
the selection criteria are presented in Table 1. Most of the

* freshwater SQGs for tPCBs were comparable within a factor

of three. Of the eight SQGs considered to represent TECs, five
were within a factor of three of each other. Similarly, five of
the six MEC-type SQGs were within a factor of three of each
other, and two of the three EEC- type SQGs fell thhm a factor
of three of each another.

Existing ‘marine SQGs for PCBs are presented in Table 2.
Exarnination of the SQGs, that were compiled indicates that
the comparability of the marine SQGs for tPCBs was some-

what lower than that for the freshwater SQGs. For example,
three of the five TEC-type SQGs fell within a factor of three
of each another. The MEC-type SQGs fell within two clusters,
each of which had three comparable SQGs. The two EEC-type
SQGs varied by slightly more than a factor of three.

Examination of the consensus-based SECs for tPCBs in-
dicated that the freshwater SECs were similar to the marine

"SECs. In other words, the' respective TEC, MEC, and EEC

values for freshwater and saltwater were not statistically dif-

_ferent from each another based on the resuits of modified

Student’s f tests (p < 0.05). Therefore, the freshwater, estu-
arine, and marine SECs were combined to facilitate the de-
termination of consensus-based SECs that apply more gen-
erally to various types of waterbodies (Table 3). This decision
was supported by toxicological data indicating that the range
of acutely lethal or effective concentrations of PCBs for salt-
water species (1.0-16,000 pg/L [43]) fully encompasses the’

" range reported for-freshwater species (2.0-2400 g/l [44]).

Similarly, the range of species mean acute values for saltwater
crustaceans (10.5-12.5 pg/L) falls within the reported range
reported for freshwatér crustaceans (10-46 png/L (44]). That

*the lower end of the effects range is similar for saltwater and

freshwater organisms, combined with the high degree of over-
lap of the effects range, suggests there are no systematic dif-
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Table 1. Consensus-based sediment effect concentrations of polychlorinated biphenyls (PCst for freshwater ecosystems®

. o —
. Total PCBs Aroclor 10160 Aroclor 1248° Aroclor 1254¢ Aroclor 12600
Category of SEC - i (mg/kg dry wt) (mg/kg dry wt) ~ (mg/kg dry wt)  (mg/kg dry wt) (mg/kg dry wt) Reference
_ Threshold effect concentrations
SLC § 0.003 = [3]
LAET (Microtox) ) - 0.021 . o : B [
TEL-HA28 0032 - ‘ 9]
TEL 0.034 . : [10)
ERL C - 0.050 ! [4)
ERL-HA28 0.050 : ' ' [9
'LEL 0.070 0.007 0.030 0.060 © 0.005 (8)
MET ) 0.200 0.100 . 0.050 0.060 0.005 7

Consensus-based TECs 0.035 NA ‘ NA NA - NA .

Standard deviation 0.061 . NA NA NA NA

Midrange effect concentrations ' )

-NEC ' . 0190 ' . (9]
PEL-HA28 0.240 . o ’ 9]
‘PEL 0.277 . c : [10]
ERM . 0.400 . . . 4
PAET (amphipod) 0450 : , (1]
ERM-HA28 : 0.730 ‘ [9]

Consensus-based MECs ' 0.34 . .

Standard deviation 020 . ' ' ' :

Extreme effect concentrations . .
HAET (amphipod) 0.820 . ) } [11}
TET 1.000 0.400 - 0.600 0.300 - 0.200 7N
SEL 5.300. . 0.530 1.500 0.340 0.240 (8]

Consensus-based EECs C 16 NA NA ©© NA NA '

- Standard deviation 2.5 NA ) NA NA "NA

aDry wt = dry weight; EEC = extreme effect concentration; ERL = effects range (low); ERM = effects range (median); NEC = no-effect -
concentration; PAET = probable-apparent-effects threshold: PEL = probable effect level; HAET = highest-apparent-effects threshhold; HA28
= Hyvalella azteca 28-d test; LAET = lowest-apparent-effects threshold; LEL = Jowest effect.level;, MEC = moderate effect concentration;
MET = moderate effect threshold; NA = not applicable; SEC = sediment effect concentration; SEL = sévere effect level; SLC = screening- .

level.concentration; TEC = threshold effect concentration; TEL = threshold effect level; TET = toxic effect threshold.
» Monsanto Chemical Company, Sauget, Illinois, USA.

-

Table 2. Consensus-based sediment effect concentrations of polychlorinated biphenyls (PC;B:s)‘for marine and estuarine ecosystems®

Total PCBs Aroclor 1016° Aréclor 12480 Aroclor 1254 Araclor 1260"

Category of SEC (mg/kg dry wt) (mg/kg dry wt) (mg/kg dry wt) (mg/kg dry wt) (mg/kg dry wi) Reference

Threshold effect concentrations . ‘
TEL . 0.022 ’ 8
ERL . 0.023 : ) [14]
SLC ' 0.043 . . [12]
LAET-C (bivalve) : -0.088 . : ' ‘ ‘ . - [13]
LAET-PS (Microtox) - 0.130: - [13]

Consensus-based TECs 0.048 . :

Standard deviation _ 0.047

Midrange effect concentrations . . ' .
ERM ) 0.180 ) {14]
PEL . . 0.189 . o (5]
MAET-C (benthic) 0.360- S : - (13]
SEC - 0.835: ' : L " {15}
MAET-PS (benthic) -1.000- . ) oL - [13)
MAET-PS (oyster) : 1,100 . . 0.400 . [13)

‘Consensus-based MECs 0.47 i - : ’ i

Standard deviation 0.42

Extreme effect concentrations ) ‘ ' o -
HAET-C (amphipod) i 0.960 : ) : [13]
HAET-PS (amphipod) 3.100. o S [13)

Consensus-based EECs ‘ 1.7 '

Standard deviation 1.5 -

® C = California; dry wt = dry weight; EEC = extreme effect concentration; ERL = effects rar{ge low; ERM = effects range median; HAg
= highest-apparent-effects threshold; LAET = lowest-apparent-effects-threshold; MAET = moderate-apparent-effects threshold; MEC = mry

N . . PR TA |
erate effect concentration; PEL = probable effect level; PS = Puget Sound; SEC = sediment effect concentration; SLC = screening te ;
concentration” TRC = threchnld affect cancentratinn: TRI . = threchnld effart lavel




't concentraf}
4 id
.C = screenj

: gdim““ effect concentrations for PCBs

Af,blf 3, Consensus-based sediment effect concentrations of

polychlorinated biphenyls (PCBs)®

- Total PCBs

(uegory of SEC (mg/kg dry wt)  Reference
Wcshold effect concentrations
sLC 0.003 (3]
LAET {(Microtox) 0.021 {11]
TEL v - 0022 . (51

0.023 f14)

TEL-HA28 0.032 (9]
TEL } 0.034 [10]
sLC 0.043 (12]
ERL 0.050 [4)
ERL-HA28 . 0.050 9
LEL . 0.070 8]
LAET-C (bivalve) 0.088 [13]
LAET-PS (Microtox) 0.130 [13)
MET 0.200 Gl

Consensus-based TECs 0.040

sundard deviation 0.054

wiidrange effect concentrations T
ERM 0.180 (14]
PEL 10.189 {5]
NEC ’ 0.190 (9]
PEL-HA28 0.240 ' [9)
PEL : 0.277 {10]
MAET-C (benthic) 0.360 . {13}
ERM 0.400 4]
PAET (amphipod) 0.450 {11
ERM-HA28 0.730 (91
SEC 0.835 [15)
MAET-PS (benthic) . 1.000 [13]
MAET-PS (oyster) 1.100 [13}

Consensus-based MECs 0.40

Standard deviation 0.33

Exireme effect concentrations
HAET-C (amphipod) 0.820 [13)
HAET (amphipod) 0.960 [
TET' 1.000 in
HAET-PS (amphipod) 3.100 [13]
SEL ) 5.300 8}

Consensus-based EECs 1.7 7

Standard deviation - 2.0

*C = California; dry wt = dry weight; EEC = extreme effect con-
centration; ERL = effects range low; ERM = effects range median;
HA28 = Hyalella azteca 28-d test; HAET = highest-apparent-effects
U{teshold: LAET = lowest-apparent-effects threshold; LEL = lowest
fllect level; MAET = moderate-apparent-effects threshold; MEC =
moderate effect concentration; MET = moderate effect threshold;
NEC = no-effect concentration; PAET = probable-apparent-effects
thrgshold: PEL = probable effect level; PS = Puget Sound; SEC =
Sediment effect concentration; SEL = severe effect level; SLC =
“reening-level concentration; TEC = threshold effect concentration;
TEL = threshold effect level; TET = toxic effect threshold.

[

Environ. Toxicol. Chem. 19, 2000 1409

ferences in the sensitivities of freshwater and saltwater species
to PCBs. Therefore, the SQGs for both media types were

merged and used to calculate the consensus-based SECs for
tPCBs presented in Table 3.

Evaluation of consensus-based SECs

Consensus-based SECs that were derived in this study were
evaluated to determine if they provided a reliable basis for
identifying the concentrations of PCBs that are likely to sub-
stantially contribute to or cause sediment toxicity. This eval-
uation consisted of four main elements: determination of the
predictive ability of the SECs; assessment of the degree of .
concordance between PCB concentrations and the incidence
of sediment toxicity; determination of the level of agreement
with the results of spiked-sediment toxicity tests; and assess-
ment of the level of agreement with the EqP-based SQGs.

Predictive ability of consensus-based SECs. Matching sed-
iment chemistry and toxicity data (195 sediment samples in
total) were used to evaluate the predictive ability of the con-
sensus-based SECs in freshwater sediments. Within this in-
dependent data set, 76 of the 90 samples with tPCB concen-

" trations less than the TEC (0.04 mg/kg dry wt) were nontoxic

(predictive ability, 84%). The incidence of adverse biological
effects was also low (3 of 42 samples, or 7%) when tPCB
concentrations were greater than the TEC but less than the
MEC (0.40 mg/kg dry wt). The incidence of toxicity to fresh-
water biota was much higher (43 of 63 samples, or 68.3%) at
tPCB concentrations greater than the MEC. The. predictive
ability of the EEC (1.7 mg/kg dry wt) was even higher: 33 of
the 40 samples with tPCB concentrations in excess of this

- value were toxic (predictive ability, 83%). The overall inci-

dence of toxicity in the entire freshwater database was 31%.
The predictive ability of the consensus-based SECs in ma-
rine and estuarine sediments is similar to that in freshwater
sediments (Tables 4 and 5). Of the 599 marine sediment sam-
ples with tPCB concentrations less than the TEC (0.040 mg/
kg dry wt), 527 were nontoxic based on results of the acute
amphipod toxicity tests (predictive ability, 88%). By compar-

_ison, 128 of the 391 sediment samples (33%) with tPCB con-

centrations greater than the TEC but less than the MEC were
toxic. Most of the sediment samples with tPCB concentrations
greater than the MEC (0.40 mg/kg dry wt) were toxic (90 of
161 sediment samples; predictive ability, 56%). The incidence
of toxicity was higher when tPCB concentrations in sediment
samples exceeded the EEC (24 of 28 samples, or 86%). Over-
all, the incidence of toxicity in all studies used to evaluate
predictive ability in marine and estuarine sediments was 25%;
in other words, 290 of the 1,151 samples evaluated in these
studies were significantly toxic to amphipods.

‘\Iﬂﬂi‘t. Evaluation of the predictive ability of the consensus-based sediment effect concentrations (SECs) in freshwater sediments®

centration; tPCB = total polychlorinated bipheny!.

: No. toxic ) Predictive
Consenc Range of tPCB concentrations Nfs. §amples samples within lnci‘dt.:nce of ability of  Average survival .
Sensus-based SEC defined by SEC within range - range toxicity (%) the SEC (%) (%)
r‘ETEC 0.00-0.04 mg/kg dry wt 90 14 15.6 84.4 83.8
*“EMEC >0.04-0.40 mgrkg dry wt 42 3 A NA 81.9
3 kiEC-EEC . >0.40-1.7 mg/kg dry wt 23 10 43.5 NA 71.7
.,'EECC >0.4 mg/kg dry wt 63 43 68.3 683 704
0 >1.7 mg/kg dry wt 40 33 82.5 82.5 - 69.7
erall 195 60 30.8 NA 79.0
?f:')cl c:":: = dry weight; EEC = extreme effect concentration; MEC = moderate effect concentration: NA = not applicable; TEC = threshold
on
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Table 5. Evaluation of the predictive ability of the consensus-based sediment effect concentrations. (SECs) in marine and estuarine sedimen,.

D.D. MacDonalg et 5

) No. toxic Predictive i

Range of tPCB concentrations No. samples  samples within  Incidence of ability of  Average SUryjyy, |

Consensus-based SEC defined by SEC . within range range toxicity (%) the SEC (%) (%) 4
<TEC - 0.00-0.04 mg/kg dry wt 599 72 12.0 88.0 89.5
TEC-MEC - >0.04-0.40 mg/kg dry wt 391 128 327 NA 75.6
>MEC-EEC >0.40-1.7 mg/kg dry wt 133 66 49.6 NA 65.8
>MEC >0.4 mg/kg dry wt 161 90 559 55.9 58.3
>EEC >1.7 mg/kg dry wt . 28 24 85.7 85.7 379
Overall 1151 290 25.2 NA 80.8

*Dry wt = dry weight; EEC = extreme effect concentration: MEC = moderate effect concentration; NA = not applicable; TEC = threshg),

effect concentration; tPCB = total polychlorinated biphenyl.

Concordance between PCB concentrations and the inci-
dence of toxiciry. The matching sediment chemistry and bi-
ologic effects data assembled to support evaluations of the
predictive ability of SECs was also used to det@:rmine rela-
tionships between contaminant concentrations and sediment
toxicity. Specifically, the three consensus-based SECs (Table
3) were used to delineate four ranges of tPCB concentrations:
<TEC, TEC-MEC, MEC-EEC, and >EEC. The incidence of
toxicity within these ranges generally increases with increasing
concentrations of tPCBs in freshwater sediments (Table 4).
This evaluation also demonstrates that the incidence of toxicity
in marine and estuarine sediments increases consistently and
markedly with increasing tPCB concentrations (Table 5). This
high degree of concordance between tPCB concentrations and
sediment toxicity indicates that PCBs are strongly associated
with toxicity at concentrations greater than the MEC and the
EEC (Fig. 1). .

Agreement with spiked-sediment toxiciry tests. Dose-re-
sponse‘data for sediment-dwelling organisms provide a basis
for identifying the concentrations of sediment-associated con-
taminants that would be sufficient to cause sediment toxicity.
"No information was located on the toxicity of tPCBs per se,
but data from five spiked-sediment toxicity tests using for-
mulated mixtures of PCBs provided relevant information for
evaluating the consensus-based SECs [45-49]. The results of
these studies indicate that PCBs are acutely toxic to sediment-
dwelling organisms at concentrations ranging from greater
than 0.78 to 251 mg/kg dry wt. A median lethal concentration
(LC50) of 8.8 'mg/kg dry wt was reported for the amphipod
Rhepoxynius abronius, when PCBs (Aroclor 1254) alone were
tested [48]. The U.S. EPA [44] reported an acute-to-chronic

100
%
80
70 4.
60 -
50
40
30 4
204 12.5%

0 .
0L

<TEC

83.8%
48.7%

1 I l

TEC-MEC. MEC-EEC >EEC
0.04 0.4 1.7

Incidence of Toxicity (%)

Range of tPCB concentration (mg/kg DW)

Fig. 1. Incidence of toxicity within the range of polychlorinated bi-
phenyl concentrations defined by the sediment effects concentrations.
DW = dry weight; EEC = exireme effect concentration; MEC =

midrange effect concentration: TEC = threshold effect concentration;
NAD — dadal mnalusklnrinated hinhenvlg.

“an empirically derived acute-to-chronic ratio for the freshwater

~ kg dry wt of both Aroclor 1254 and fluoranthene were acutely

ratio of 11 for the freshwater amphipod Gammarus pseudy,).
imnaeus based on toxicity tests conducted with waterbom, ’
PCBs. This ratio is much Jower than the acute-lo-chronic ratjg,
(27-58) that can be calculated from toxicity tests conduceq
on the copepod Microarthridion littorale [49). Application of

amphipod to the 10-d LC50 for the marine amphipod sugges;s
that PCBs, when they are present alone in sediments, are likely

S . . ‘sponse ¢
to cause chronic toxicity to amphipods at concentrations in the | "'éco;"tfoll(
range of 0.8 mg/kg dry wt (i.e., 8.8 mg/kg dry wt + 11 = (3§ Tl
mg/kg dry wt). ] 1‘95'3“4 H

Spiked-sediment toxicity tests conducted under controlled Beion

laboratory conditions can be used to determine lethal or ef-
fective concentrations of many chemical substances. However
such response thresholds could underestimate the ecological
effects that occur in the field because of the presence of con-
taminant mixtures in sediments [1). As such, sediments con-
taining mixtures of contaminants could be more toxic tha
sediments containing PCBs alone.. ‘

To evaluate the possible interactive effects of PCBs with
other contaminants, several investigators have _conductcd
spiked-sediment toxicity tests with mixtures of contaminants.
The results of these studies indicate that sediments tend to b
more toxic when they contain mixtures of contaminants (i
PCBs and other substances). For example, Plesha et al. 47]
reported acute toxicity to amphipods (Rhepoxynius abronius)
in sediments containing several chlorinated hydrocarbons and
Aroclor 1254; the concentration of PCBs in these sedimens
was 1 mg/kg dry wt. Similarly, sediments containing 2.1 mg/ |

toxic to amphipods (Rhepoxynius abronius) [48]. These datt ¢
indicate that PCB-contaminated sediments are more lO%¢
when they also contain other commonly occurring contar”
nants (e.g., polycyclic aromatic hydrocarbons [PAHs] (481
Considering the relationship between the acute LC50 for PCB! ¢
(8.8 mg/kg dry wt) and the concentration of PCBs in acut
toxic sediments containing both Aroclor 1254 and fluoranthe®
(2.1 mg/kg dry wt, giving a ratio of 4.2), PCBs likely ¢ I’
tribute to sediment toxicity at concentrations less than ™ K
estimated chronic toxicity threshold of 0.8 mg/kg dry wt %
.they occur'with other contaminants. The TEC (0.04 mg/kg
wt) derived in this study is lower than the chronic effect thres™y
old that was estimated from the spiked-sediment toxicity 1€
whereas the MEC (0.40 mg/kg dry wt) and EEC (1.7 W&
dry wt) are comparable to such thresholds. - :
Agreement with EqP-based SQGs. The EqP approach
vides a theoretical basis for identifying chronic toxicity ‘hﬂﬁ
olds for sediment-associated PCBs. Using this apprOaCh'
New York State Department of Environmental Consef¥?




..‘MucDonalT flect concentrations for PCBs

it ?Sfdimem ¢
1) has developed chronic SQGs for PCBs to protect fresh-
. I J;(er and saltwater benthic aquatic life. These guidelines in-
';icale that thresholds for chronic toxicity-in freshwater and
1 glwater sediments are 0.19 and 0.41 mg/kg dry wt at 1%
anic carbon, respectively. An EqP-based SQG of 0.07 mg/
'drjy wt at 1% organic carbon has also been derived to
; ort the evaluation of sediment-quality conditions at fresh-
sz SN (ater and saltwater locations in the United States [36]. To-
SR . these EqP-based SQGs suggest that chronic effects on
3 gdimem-dwelling organisms are likely to occur at tPCB con-
£ _pirations in excess of 0.07 to 0.41 mg/kg dry wt. The lowest
Iy fqp-based SQG is comparable to the TEC derived in this report
b 004 mg/kg dry wt), whereas the other two EqP-based SQGs
o comparable to the MEC (0.40 mg/kg dry wt). The EEC is
F higher than all the available EqP-based SQGs.

. X
tuarine sedif

.DISCUSSION

Evaluating ‘the toxic effects of PCBs is complicated for
wveral reasons. First, these compounds consist of 209 different
BE .ongeners, each of which may have unique toxicological char-
b ycreristics [50-52]. Second, much of the available dose-re-
¢ sponse data on the toxicity of sediment-associated PCBs from
' controlled laboratory studies have been generated on several
formulated PCB mixtures, including Aroclor 1242 and Aroclor
' 1254, However, sediments at any particular site under inves-
- tgation could contain more PCB'congeners than would be
represented by measurements of Aroclor 1242 or Aroclor 1254
concentrations alone (i.e., mono-, di-, and hepra-chlorobi-
phenyls may not be fully represented by these measurements).
Therefore, field-collected sediments could be more or less tox-
ic than would be indicated by, for example, Aroclor 1254
concentrations alone. ) ' .

In ﬁeld-;ollected sediments, PCBs always occur as complex
mixtures of the individual congeners, commonly in association
*J vith other contaminants. Toxic effects on sediment-dwelling
-organisms likely result from the cumulative effects of these

mistures of contaminants. Therefore, SQGs for individual PCB
‘ongeners that are developed through experimental determi-
wtion of toxicological effects (i.e., spiked-sediment bioassays)
or with EqP models likely underestimate the ecological effects
hat occur in the field. Similarly, SQGs for individual PCB
‘ongeners that are developed using data from field studies
tould overestimate the effects that are actually caused by each

‘h}‘ l~=‘rm mixture paradox to describe the dilernma associated
vith ‘evaluating the toxic effects of contaminant mixtures
'?-ﬁHS in that case). Swartz [1] resolved this dilemma by de-
¥ing consensus-based SECs for mixtures of PAHs (i.e., total
PAHs). Applying similar logic to the assessment of PCB-con-

urring contafy
s [PAHs) [48)
LCS50 for PCB!

>

% applied 1o mixtures of PCBs (i.e., tPCBs), provided that
“ch guidelines are reliable. »
M this study, several types of information were used to
:o‘"mine the .degree of confidence that can be placed in the
"Sensus-based SECs for tPCBs. First, the available data from

ic effec} ‘ :.{‘w : ':L‘ed%edimenp toxicity tests. demonstrate that PCBs are
nt toxicity} ,“’])'A loxic to sediment-dwelling organisms, which justifies
EC (1.7 'Vation of effects-based SECs for this class of compounds.

¢ S .
n:nd‘ consensus-based SECs that were derived indepen-
~ Wy for freshwater sediments and for marine sediments were

Smijap o . . .
ke tar (i.e., not statistically different from one another), which

o ‘l)’ applicable. In addition, the incidence of toxicity gen-

‘ongener if it occurred alone in sediments. Swartz {1] used -

Yminated sediments, it is reasonable to rely on SECs that can .

n . S :
®fates confidence that the underlying guideline values are
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-erally increases with increasing concentrations of tPCBs in

freshwater, estuarine, and marine sediments, which indicates
that PCBs are strongly associated with sediment toxicity in
freshwater, estuarine, and marine sediments. Importantly, the
TEC, MEC, and EEC also provided accurate tools for pre-
dicting the presence or absence of toxicity in freshwater, es-
tuarine, and marine sediments.

Results from comparisons of the consensus-based SECs
with the empirically and theoretically derived chronic effects
thresholds further increase the level of confidence that can be
placed in the guidelines. Specifically, the MEC (0.4 mg/kg dry
wt) and EEC (1.7 mg/kg dry wt) are both comparable to the
chronic effects threshold (0.8 mg/kg dry wt) that was estimated
from the results of toxicity tests conducted with PCB-spiked
sediments using an empirically derived acute-to-chronic ratio
of 11. The MEC and EEC are .also likely to be higher than
the chronic effects thresholds for PCBs in sediments containing

" mixtures of other contaminants. In addition, the TEC is com-

parable to the lowest chronic effects threshold that has been
determined using the EqP-approach. Furthermore, the MEC
and EEC are comparable to, or higher than, all the chronic
effects thresholds (0.07-0.41 mg/kg dry wt) that were deter-
mined using the EqP approach. :

When considered individually, the results of these evalu-
ations again increase tﬁe confidence that can be placed in the

". consensus-based SEC's derived in this study. When considered
*. together, however, they provide a weight of evidence for con-

cluding that sediment-associated PCBs are likely to cause, or
substantially contribute to, adverse biological effécts at con-
centrations in excess of the MEC or the EEC. Furthermore,

. PCBs are unlikely to cause, or substantially contribute to, sed-

iment toxicity at concentrations below the TEC.
It has been argued that SQGs can not be causal unless they
are normalized to account for the factors that influence bio-

_availability (40]. However, Ingersoll et al. [9] showed that

organic carbon normalization did not improve the performance
of SQGs. More importantly, the consensus-based SECs were
comparable both to the chronic toxicity thresholds that were
derived from EqP models and to spiked-sediment toxicity tests.
To the extent that such chronic toxicity thresholds are causally
based, the consensus-based SECs also reflect the concentra-
tions of PCBs that are likely to cause, or substantially con-
tribute to, sediment toxicity. Therefore, use of dry wt nor-
malization does not reduce the reliability of the SECs.

The consensus-based SECs reflect the toxicity of PCBs -
when they occur in mixtures with other contaminants. There-
fore, these consensus-based .SECs are likely to be directly
relevant for assessing freshwater, estuarine, and marine sedi-
ments that are influenced by multiple sources of contaminants.
Results from the evaluation of predictive ability confirm the
applicability of the SECs for assessing the quality of such PCB-
contaminated sediments.

Overall, results of the various evaluations demonstrate that
the consensus-based SECs provide a unifying synthesis of ex-
isting SQGs, reflect causal rather than correlative effects, and
account for the effects of contaminant mixtures [1]. As such,
SECs can be used to identify hot spots regarding PCB con-
tamination, to determine the potential for and ‘spatial extent of
injury to sediment-dwelling organisms, to evaluate the need
for sediment remediation, and to support the development of
monitoring programs to further assess the extent of PCB con-
tamination and the effects of contaminated sediments on sed-
iment-dwelling organisms. In these applications, the TEC
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should be used to identify sediments that are unlikely to be
adversely affected by PCBs. In contrast, the MEC and EEC
should be used to identify sediments that likely are toxic to
sediment-dwelling organisms, at least in part because of the
presence of PCBs. However, these SECs do not consider the
potential for bioaccumulation of PCBs in aquatic organisms
or the associated hazards to species that consume the aguatic
organisms (i.e., wildlife and humans). Therefore, SECs should
be used in conjunction with other tools, such as bioaccumu-
lation assessments, tissue chemistry data, and tissue residue

guidelines, to assess the potential environmental effects of
PCBs.
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