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ABSTRACT. Precedures ure déscribed for caiculating and evaluating sediment gffect concentrations
(SECs) using laboratory data on the toxicity of contaminants associated with field-collected sediment to
the amphipod Ilyalella azteca und the midge Chironomus riparius. SECs are defined as the concentrations
of individual contaminanis in seditment below which toxicity is rarely observed and ubove which toxicity
Is frequently observed. The objective of the present study was to develop SECs to classify toxicity data for
Great Lake sediment samples 1ested with Hyalclla azteca and Chironomus tiparius, This SEC database
included samples from additionut sites across the United States in order to muke the database as robust
as possible. Three types of SECs were calculaied from these data: (1) Effect Range Low (ERL) and Fffect
Range Median (ERM), (2) Threshnld Effect Level (TEL) and Probable Effect Level (PEL), and (3) No
Effect Concentration (NEC). We were able 1o calculate SECs primarily for totul metals, simultancously
extracted mesals, polychiorinated biphenyls (PCBs), and polycyclic aromatic hydrvcarbons (PAHs). The
ranges of concentrations in sediment were 106 narrow in owr database to adequately evaluate SECs for
butyltins, methyl mercury, pulychlorinated dioxins and furans, or chlorinated pesticides. Abvut 60 to 80%
of the sediment samples in the dutabase are correctly classified as toxic or not tuxic depending on type of
SEC evaluated. ERMs and ERLs are generally as reliable as paired PELs and TELy at classifying both
toxic and non-toxic samples in our darabase. Reliability of the SECs in termus of correctly clussifying sedi-
ment samples is similar beiween ERMs and NECs; however, ERMs minimize Type { error (false positives)
relative to ERLs and minimize Type IT error (false negatives) relative to NECs. Correct classification of
samples can be improved by using only the most reliable individual SECs for chemicals (i.e., those with a
higher percentage of currect clussificanian). SECs calculated using sediment concenirutivny normalized
1o total organic carbon (FOC) concenirations did not improve the reliability compared 10 SECs calcu-
lated using dry-weight concentrations. The range of TOC concentrations in vur dutabase was relatively
narrow compared to the runges nf contaminant concentrations. Therefore, normalizing dry-weight con-
centrations to a relatively nurrow range of TOC concentrations had listle influence on relative concentra-
tions of contaminants among sumples. When SECs are used to conduct a preliminary screening 10 predict
the potential for tosicity in the ahsence of actual toxicity testing, a low number of SEC exceedances

should be used 1o minimize the porential for false negatives: however, the risk of uccepting higher faise

positives is increased.

INDEX WORDS: Toxicity. sediment, Grear Lakes, thresholds, amphipods, midges, chironomids,
Hyalella.
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INTRODUCT{ON

Over the past decade, a varicly studies have re-
ported toxicity associated with field-collected sedi-
ments (USEPA 1994, ASTM 1995, Burton e al.
1996). Iowever, it is often difficult 1o deterinine re-

'lanonslups between levels of contamination and
loxicity in these and other studies becausc the sedi- |

ments lypwally contuin a variety ol both organic
and inorganic contaminants. Sediment Effcet Con-
centrations (SECs) have heen uscd (v determine
concentrations of individual contaminants in sedi-
ment below which toxicity is rarely observed and

"above which toxicity is frcquently observed (Long -

et al. 1995, MacDonald e ul. 1996). However, only
a limited number of SECs for treshwater sediments
have been published (Persuud et gl 1992, Batts and
Cubbage 1995). The objective of the present study
was to develop SECs to classify toxicity data for
Great Lakes scdiment samples tested with Hyalella
azteca and Chironomus riparius. The SEC database
included samples from additional sites across the
United States in order to muke the databuse as ro-
bust as possible.

. Ideally, SECs could be used to: (1) interpret his-
torical sediment chemistry data, (2) identify chemi-
cals or areas of concern, (3) identify thc need for

* moie detailed studies before an activn is taken, (4)
" identify a potential problem before discharging a

chemical, (5) cstablish a link between a contami-
nant source and sediment quality, (6) trigger regula-
tofy action, or (7) establish target remediation
objectives. The strength of SECs generated using
data from studics with individual chemicals spikcd
mto sediment or with an equilibrium partioning
(CQP) approach is that causc and effect relation-
ships can he established (Di Toro er al. 1991,
USEPA 1992). While, all seven of (he uses listcd
above lor SECs could be satisfied with citber of
these approaches, both the spiked-sediment and
EQP approaches were developed primarily for eval-
uating the effects ol individual chemicals. However,
contaninated sediments typically contain complex

mixtures of chemicals which could act indepen-

de"t'y, additively, synergistically, or antagomslu,ally
Therefore, the application of SECs developed using
these two approaches is often uncertain in field-col-
lected sediments (Swartz and DiToro 1997).

One of the main strengths of SCCs generated

using data from tests conducted with field-collected

Samples is that the potential effects of mixtures of
chemicals are explicitly addressed (Long and Mor-

gan 1991, [ISEPA 1992, MacDonald 1994, Leing et

“al, 1095, ‘MacDonald et «l- 1996). However, there . . ..

are a number of limitations associaled with the co-
occurrence-hased approaches that have been used to
generate SECs incJuding cause and effect is diff1-
cult to establish and usc of these SECs muy be re-
stricted to the geographical area where the

. sediments were collected. Hence, the last four uses
for SECs listed above are difficult to accommodate

using co-occurrence-based approaches such as a
weight-of-cvidence approach (Long and Morgan
1991). For example, these SECs should not be used

“independently 0 establish trigger levels for clcan
ap of scdiment. One of the major strengths vl SECs

developed with data on field-collected sediments is
in their use for predicting the potential for tuxicity

in field-collected sediment samples. A primary use

of SECs developed with field-collected sedimeénts
should be to provide guidance for determining sites
which may require furthcr investigation (Long and
Morgan 1991, Maclonald 1994). Moteover, the
ability of any sediment toxicity test or SEC to pre-

dict benthic community effects should be consid- '
ered before any approach is used to routinely . -

cvuluate sediment quality (Canfield ef al. 1994,

-1996a, 1996b).

As part of the Assessment and Remediation of
Contaminated Sediment (ARCS) program (Ross et
al. 1992, Tox and Tuchmanl996), whole-sediment
toxicity tests. were conducted with thc amphipod
Hyulella azteca (14- and 28-d tests) and: the midges

. Chironomus riparius (14-d test) and Chironomus

tentans (10-d test) with sediments collected froin
three Great Lakes Areas ol Concern: Indiana Har-
bor, TN; Buffalo River, NY; and Saginaw River, MI
(USEPA 1993, Burton et al. 1996). Only a limited
number of samples were successfully tested with C.

tentans; therefore, we did not use thesc data (o cal-~

culate SECs. Sediment chemistry, benthic commu-
nity analysis (Canficld «t al. 1996a), elutriate
toxicity (Hall er al. 1996), mutagenicity (Papoulius
and Buckler 1996, Papoulias et al. 1996), and toxic-
ity ranking (Canlield et al. 19964, Wildhaber and
Schmitt 1996) of sediment samples were also eval-
nated as part of the ARCS program (USEPA 1993).
In addition to the ARCS data, we evaluated toxicity
and chemistry dala generatcd with sediments col-
lected froin the following sites: (1) Waukegan Har-
hor, IL (Ingersoll and Nelson 1990); (2) the upper
Mississippi River, MN (USEPA 1996); (3) the
upper Clark Fork River, MT (Kemble et al. 1994);
{(4) the Trinity River, 'IT'X (USEPA 1996); (5) Mo-
bile Bay, AL (IJSEPA 1996), and (6) Galvestan
Bay, I'X (Roach eral. 1993)




604 Ingersoll et al.

We used-three . different approaches (o calculate
various SECs including: (1) Effect Ranges Low and
Median (ERL and ERM; Long and Morgan 1991),
(2) Threshold Kffect and Probable Effect Levels
(TEL and PEL; MacDonald 1994, Smith eral.
1996), and (3) No Effect Concentrations (NEC;
‘Kemble et al. 1994). Thesc approaches for calculat-
ing SECs were evaluated relative o thew: (1) relia-
bility in terms of correctly classifying the toxicity
of scdiment samples within the data set, (2) predic-

tive ability for correctly classifying thc toxicity of

scdiment samples from independent data sets, and
(3) comparability within the data sct or to other
publishcd SECs such as Apparent Ef fect Threshold
(AET), ERM, PEL, or CQP values. Proccdures arc
also described in companion papers for confirming
the response of test organisms in the laboratory
with the responsc of benthic communities in the
field (e.g., Sediment Quality Triad; Canfield et al.
1996a) and for confirming the cause ot sediment
toxicity (e.g., sediment spiking and Toxicity Identi-
fication Evaluations, TIE: Ankley and Thomas
1992, Ankley et al. 1996). Smith et al. (1996) also
used our data and additional data from North Amer-
ica (o calculate and evaluate TELs and PELs for
freshwater sediments.

This puper evaluates SECs calculated using dry-
weight concentrations for the cntirc.databasc be-
cause these SECs were generally more reliable than
SECs calculated using scdlmcnt concentrations nor-
malized to total organic curbon (1'0CY) concentra-
tions for non-ionic organics or SECs calculated
using porc-watcr metals concentralions. We have in-
cluded one example in the paper comparmg the reli-
ability ERMs calculatcd using dry-weight
concentrations vs sediment concentrations normal-
ized to TOC concentrations for polycyclic uromatic
hydrocarbons (PAHs) and polychlorinated biphenyls
(PCBs). The rcadcer is cncouraged to consult USEPA
(19906) for these and additional applications of the
databasc including: (1) Great Lakes vs the cntire
database, (2) dry-weight vs TOC-normalized con-
centrations for PAHs and total PCBs, (3) wholc-sed-
iment vs pore-water metal concentrations, and (4)
total-metal vs simultancously cxtracted metul (SEM)
concentrations. A copy of the database is available
~ in'USEPA (1996) or from the authors if the reader is
1nterested in pursuing additional applications. .

METIIODS

The {ollowing steps were taken to develop the
-database: (1) chemistry and toxicity data were gen-

erated, (2) samples were classificd as “toxic”-or “not,

toxic™ based on statistical anulyses of the toxicity
tests, (3) toxic samples were classified as “effects”
or “'no concordance” based on chemistry, (4) mini-
mum data requirements were cstablished, and (5)
SECs were calculated. SECs were calcalated for the
following tests: (1) 14-d C. ripurius [CR14], (2) 14.
d H. agteca |HA14), and (3) 28-d H. azteca [HA28),
Data from the following tests were combined: (1)
10-d with 14-d H. azteca, (2) 29- to 32-d with 28-4
H. azteca, and (3) 13-d with 14-d C. riparius (lable
1). Chemical concentrations used to calculate SE(s
were normalized to: (1) dry weight, (2) total organic
carbon (for non-ionic organics; Di Toro er al. 1991),

TABLE 1. DPercentage of whole-sediment sam-
ples identified as toxic in Chironomus riparius
14-d (CR19), Hyalella azteca 14-d (HA14), or H.
azteca 28-d (HA2R) fests,

Toxic! Toxic-$? Toxic-G* Toxic-M*

All samples
CR14 26 (42) 24 (42) 9 (34) ND

- HA 14 41(32) 25(32) 20(25) 2421
HAZ8 39(62) 26(62) 34(44) 11(36)
Great Taukes - _
CR14 3727 33@QNh 119 ND
HA 14 48(27) 3027 20(25) 2421
HA28 48 (27) 41(27) 24(25) . 52D
Upper Mississippi River
HA28 0(5) 0 (5) ND ND |
Clark Fork River '
CR14 Y X %) B B § &) 7(15) ND
HA28 53(15y 13(15) 53(15) 20(1%)
Trinity River
HA14 0(5) 0(5) ND ND
HA28 0(5) 0(5) ND ND
Mobile Bay
HA28 0(S) 0(5) ND ND
Galveston Bay ‘ .
HA28 60(5) 60(@4) 25 (4) ND

IToxic: Significant reduction in survival, growth or mat-
vration relative to the control (p < 0. OS N in p.m‘,uthe-
ses).

2Toxic-S: Significant reduction in survival.

*Toxic-G: Significant reduction in growth.

*Toxic-M: Significant reduction in maturation (H usteca
only).

SND: Not determined.
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_ ur.(3) ‘AVS (I'or divalent metals; Di Toro er al. -

9

90). Calculations and gruphics were performed

using SAS version 6.08 (SAS 1992).

Toxicity Testing

Toxicity tests with the amphipod Hyalellu aziecu
were cunducted for 10 to 32 d. following procedures

outlined in- Ingersoll and Nelson (1990), USEPA

(1994). and ASTM (1993). Tests were generally
grarted within 3 weeks of sediment collection. The
control scdiment was a fine silt- and clay-particle

size soil obtained from an agricultural area. Twenty

amphipods were exposed in 200 mL of sediment
with 800 ml. of overlying water in 1-L beakers.
Four replicate beakcrs were tesled at 20°C on a
161.:8D photoperiod at a light intensity of about 50
to 100 foot: candles. Overlying water was renewed
daily and the amphipods wcre fed a suspension of
purina® Rubbil Chow three times a week. End-

points measured at the end of the amphipod tests -

were survival, growth (as length), or sexual matura-
tion. Toxicity tests with the midge Chironomus ri-
parius were conducted for 13 to 14 d using similar
procedurcs to those used in the tests with am-
phipuds except midges were < 48-h old at the start
of the tests and midges were fed a mixture of algae,

:Ccrophyl®, und Hurtz® 1Dog Treats daily. Endpoints

measured at the end of the midge tcsts were sur-
vival and growth (as length). A sample was desig-
nated as “(uxic” if there was a statistically
significant reduction in survival, growth, or matura-
lion rclative to the response in the control sediment
(USEPA 1996).

Physical characterizations of scdiments included
organic carbon content, waler content, and particle
size. Chemical characterizations of sediments in-
tluded total metals (Ag, As, Cd, Cr, Cu, Fe, Hg,
Mn, Ni, Ph, Se, /n), organometals (butyltins and
methyl mercury), acid volatile sulfide (AVS) and si-
multaneously extractcd metals (SEM), chlorinated
pesticides, total polychlorinated biphenyls (PCBs),
pulychlorinated dioxins and furans, or polycyclic
aromatic hydrocarbons (PAHs). Metal concentra-

tions in pore water were also measured in selected -

Samples (USEPA 1996). _
_Sediment toxicity dulu were obtained for the sites
llS_lcd below (Table 1). Suspected toxicants were
Mixtures of mctals and organic compunnils except
for the samples from the upper Clark Fork River
Where suspected toxicants were primarily As, Cd,
Cu, Ph, und Zn. '

Great Likex ARCS. -

Scdiments were collected from three Great Lakes
Areas of Concern: Indiana Harbor (5 samples tested
in August 1989), Buttalo River (6 sumples tested in
October 1989), and Saginaw River (4 samplcs
tested during Survey 1 in December 1989 and 8
samplcs tested during Survey 3 in June 1990). Toxi-
city tests were conducted with H. agteca (14- and
28-d tests) and C. riparius (14-d test). All of the In-
diana Harbor samples were extremely toxic to am-
phipods in the 14-d test. Therefore, a 2¥-d test with
amphipods was not conducted. We assumed for the
calculation of SECs that Indiana Harbor samples
toxic to amphipods in i 14-d test would also be
toxic in u 28-d test. :

Waukegan Hurbor

Toxicity tests were conducted with 4 sediment sam-
ples fruin Wankegan Harbor, IL in November 1987
(H. azteca 10- and 29-d tcsts, C. riparius 131 test).

Upper Mississippi River '

. Tuxicity tests were conducted with 5 sediment
samples from the upper Mississippi River near
Minneapolis, MN in September 1987 (H. azteca 32-
d test).

Upper Clark Fork River

Sedimenl samples were collected from Milltown
Reservoir (8 samples tested in July 1991) und the
Clark Fork River, MT (7 samples tested in Septem-
ber 1991). Toxicity tcsts were conducted with H.
azteca (28-d test) and (. riparins (14-d test),

Trinity River .

Toxicity tests were conducted with 5 sediment
samples [romn the Trinity River, near Dallas, TX in
June 1988 (H. arteca 10- and 32-d tests).

Mobile Bay

Tuxicity tests were conducted with 6 sediment
samples from Mobilec Bay, AL in March 1988 (/1.
azreca 28-d 1es1). ‘1'he test was conducted under static
conditions with. 10%. salinity in the overlying water.

Galveston Bay

Toxicity tests were conducted with 5 sediment
samples from Galveston Bay, TX in July 1990 (/1.
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azteca 28-d test). The test was conducted under sta-

~lic' conditions with 10%e sdhmly m the overlying

water.

Classification of Effects and Minimum Data
Requirements for Use of an SKC

To increase the likelihood that associations be-
tween sediment chemistry and toxicity would be
observed, the data were screened to determine if at
leust a 10-fold difference in concentration for at
least one chemical among the samples was met
Irom cach sitc (Long and Morgan 1991, MacDonald
1994); The chemicals measured in each sumple
wcre classified in terms of their association with the
observed taxicity. Each of the cheinicals in the
toxic samples were classified as an *“effect” or “no
concordance” dcpt,nding on whether the ratic of thc
concentration in the sample to the mean concentra-
ion in the non-toxic samp]cs was > 1 or £ 1. Con-
centrations of chemiicals in nan-toxic samples were
dcsignated as “no effects.” Samples designated with
the no concordance descriptor were also included
with the no-effect samples for calculation of SECs.
T.ong and Morgan (1991), MacDonald (1994), Long
et al. (1995), MacDonald et al. (1996), and Smith et
al. (1996) used u similur designation; however, they
considered a chemical to be associated with a toxic
effect only if the mean concentration in toxic sam-

-ples at a site was at least two fold-greater than the

mean concentration in non-toxic samplcs at a site.
We chose to use a ratio of > | instead of > 2 to clas-
sify a sample as an “effect” in order to minimize
Type 11 emor (toxic sample classified as not toxic).
We used an SEC for a chemical only if: (1) five or
more of the samples were toxic for the chemical
and (2) the number of toxic samples with concen-
trations above the SEC was greater than the numbcer
of toxic samples with concentrations below the
SEC.

Calcnlation of Effect Range Low (ERL)
and Effect Range Median (ERM)
We calculated FRLs und ERMs using procedures
described by Long and Morgan (1991) and Long et

- al. (1995). Our ERLs und ERMs arc calculated for

individual toxicity tests (e.g., the H. azteca 28-d
test) in order use congistent cndpoints for determin-
ing a toxic response. In contrast, Long and Morgan
(1991) merged data from about 75 sources. These
sources included marine and freshwater held sur-
veys, spikcd-scdiment tests, and EQP. Effect ranges

were calculated by Long et al. (1995) for 9 mctals,

'13 individual PAHs, 3 groups of PAHs, und 3 syn-" " ]

thetic organic contaminants. Strengths of the Long
er al. (19935) approach include: (1) ranges instead of
absolutes (e.g., AET) are calculated, (2) a prepon-
derance of cvidence from diverse sources i§ used o
generate the ranges (e.g., weight of evidence), and
(3) probability of obscrving cffccts can be esti-
mated. Limitations to the Long et al. (1995) ap-
proach include: (1) the quality of thc data was
variable, (2) different types of data were merged
(e.g., acute Icthality and benthic community Struc-
ture were combined to calculate effect ranges), (3)
concentrations were calculated on a dry-wcight
basis (data on sediment organic carbon and AVS
concentrations were not available for all data sets),
and (4) no-ellect data are vot,used in the calculation
of CRLs or ERMs.

Long et al. (1995) calculuted ERLs and ERMs
using the following. procedure. Concentrations ob-
scrved or predicted by different methods to be assu-
ciated with effects were sorted in ascending order,

- and the lower 10 pereentile (ERL) and 50 percentile

(ERM) effect concentrations were calculated. An
ERL was dcfined by Long and Morgan (1991) and
Long et al. (1999) as the concentration of a chemi-
cal in scdiment bclow which adverse cffcets were
rarely observed or predicted among sensitive
species. An ERM was defined as the concentration
of a chemical in sediment above which effects are
frequently or always observed or predicted among
most species. Use of percentiles minimized the in-
fluence of single data points (e.g., potential outlicrs
associnted with AETS) on SECs. No-effect data
were used to evaluate the reliability of ERLs and
ERMs calculated using only effect data (Long et al.
1995). We chose to calculate ERLs using the 15
percentile rather than using the 10 percentile of ef-
fects to reduce the potential for Type II error (false
negulives; MucDonuld et al. (1996; see below)).

Calculation of Threshold Effect Level (TEL)
and Probable Effect Level (PEL)

We calculated TELs and PELs using procedures

described by MacDonald (1994) and MacDonald ef |

al. (1996). Our TELs and PELs are calculated for
individual toxicity tests in order usc consistent cnd-
points for determining a toxic response. MacDonald
(1994) and MacDonald er al. (1996) calculatcd
TELs and PELs by expanding two to three fold the
databasc originally dcvcloped by Long and Morgan
(1991) and by excluding freshwater data. Effect

e a1
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anges were calculated by MacDonald et al. (1996)

for 9 metuls, 7 pesticides, 13 individual PAHs, 3
groups of PAHs, total PCBs, and one phthalatc
ester. A similar procedure was used 1o calculate
freshwater TELs and PELs for 8 metals, 6 individ-
ual PAHSs, total PCBs, and 8 pesticidcs (Smith ef al.
1996). Strengths and limitalions to this approach
arc similar to the ERL/ERM approach. However,
calculution of TELs and PELs take hath effect and
no-effect datit into consideration. .

MacDonald et al. (1996) and Smith e el (19906)
calculated TELs und PELs using the following pro-
cedure. Concentrations observed or predicted hy

different methods to be associated with effects were -

sortcd and the lower 15 percentile (ERL) and 50
percentile (ERM) concentrations of the effects data
set were calculated. In addition, the 50 percentile
(No Effect Range Median; NERM) and 85 per-
ceatile (No Effect Range High; NERH) concentra-
tinns of the no-cffccts data sel were calculated. The
TEL was calculated as the geomctric mean of the
ERL and NERM, whereas the PEL was calculated
the geomeiric mean of the ERM and NERH. The

geometric mean was uscd rather than the arithmetic -

mean because the two data sets afc typically not
normally distributed. An analogous procedure has
been used to calculate Maximum Acceptable Toxi-
cant Concentrations (MATCs) from the geometric
mean ol the nu-observable- and low-obscrvable-cf-
fect concentrations (LOEC and NOEC; MacDonaid
1994). For each of the values (ERL, ERM, NERM,
and NERH), a series of percentiles was evaluated (o
optimize correet classification of toxicity using the
TELs and PELs (MacDonald 1994). The ap-
proaches described by Long et al. (1995) and Mac-
Donald et al. (1996) have been uscd by NOAA
(Long and Morgan 1991), Eavironment Canada
(CCME 1995), and the state of Florida (MacDonald
1994) to derive scdiment quality guidelines. Addi-
tional organizations that are considering the use of
t!lcse approaches to derive sedimnent quality guide-
lines include the state of California (Lorcnzato er
al. 1991), the International Council for Exploring
t.he.Sca, anct the National Rivers Authority in the
United Kingdom (R. Fleming, WRc, Marlow,
Bucks, Unitex Kingdom, personal communication).

Calculation of No Effect Concentration (NEC)

We also calculated No Effect Concentrations
(NECs) which are analogous to Apparent Effect
Thresholds (AETs). Au AET is defined as the sedi-
'enl concentration of a given chemical ahove

which statistically significant cffects (e.g., sediment
toxicity) arc always observed (Barrick et al. 1988).
If any chemical exceeds its AET for & particular re-
sponse, an adverse effect’is expected for that rc-
sponse. Il all concentrations of chemicals ure below
their AET for a particular response, then no adversc
cftect is expected. The AET approach has been ap-
plied to contaminated sediment in marine énviron-
ments (&.g., in the Puget Sound, Barrick er al. 1988,

- and in California, Becker et al. 1989); however, the

AET approuch has rarely been used to cvaluate
freshwater sediments (Kemble et al. 1994). ‘
A NEC is calculated as the maximum concenlra-

‘tion of a chemical in a sediment (hat did not signifi-

cantly adversely affect the particular responsc (e.g.,
survival, growth, or maturition) compared to the
control. We chose to use the term NEC instcad of
AET because: (1) we calculated NECs for whole-
scdiment or pore-water concentrations, while AETS
are typically calculated for just whole-sediment
concentrations; (2).a minimum of 25 to 50 samples

. is recommendcd -for calculating an AET and we

used < 25 samples to calculate some of our NECs;
and (3) we calculated effects relutive to a control
sediment, whereas AETs are typically calculated
relative to refcrence sediments,

Evaluations of SECs

SECs were evaluated relative to their potential to:
(1) correctly classify toxic samples as toxic (toxic
sample that excceds an SEC |hit]); (2) correctly
classify non-toxic samples as not toxic (non-toxic

sample that docs not exceed an SEC [no hit]), (3)

incorrectly clussify non-toxic samples as toxic
(Type I error; falsc positive; non-loxic sample that
cxeeeds an SEC [hit])); and (4) incorrectly classify

- toxic samples as not toxic (1ype II error; false neg-

ative; toxic surnple that does not exceed an SEC [no
hit]). The SECs were evaluated relative to their: (1)
reliability in erms of correctly classifying the toxi-

city of sedimcnt samples within the data set, (2)

predictive ability for correctly classifying the toxic-

ity of sediment samples from independent data sets, *

and (3) comparahility within the data sct or to other
published SECs. .

RESULTS AND DISCUSSION

Toxicity of Sediment Samples
The percentage of sedimcnt sumples identified as

toxic are tisted in Table 1. Survival or growth of C.
 riparius in 14-d tests (CR14) were significantly re-
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duced in 26% of the 42 samples tested. In the CRI4
tests when both survival amd growth were measured,
survival (24%) was rcduccd more frequently than
growth (9%). Sediments [rom the Clark Fork River
(7%) were less toxic in the CR14 test than sediments
from the Great Lakes (37%). Survival, growth, or
maturation of H, azteca in 14-d tests (HA14) were
reduced in 41% of the 32 samples tested. In the
HA 14 test, survival (25%), growth (20%), uni mat-
uration (24%) were reduced in a similar percentage
of samplcs. None of the Trinity River samples were
~ toxic; however, 48% of the Great Lakes samples
were toxic in the *HA14 test. Survival, growth, or
maturation ot H. agteca in the 28-d tests (HA28)
were reduced in 39% of the 02 samples tested. In the
HA28 test, survival (26%) and growth (34%) were
rcduced in a higher percentage of samples compared
.lo maturation (11%). None of the upper Mississippi
River, Trinity River, or Mobile Bay samples were
loxic; however, 48 to 60% of the Great Lakes, Clark
Fork River, or Galveston Bay sumplcs were toxic in
the HA2Y test.

In summary, both survival and growth endpoints
provided uniquc information for assessing sediment
toxicity and should be eusured in either HA14 or
HAZ2S tests. The A28 test seldom identitied toxic
samples_that were not identificd as toxic in the:
HA14 test (USEPA 1996). However, the majority of
the samples used (v mukc thcse comparisons were
highly contaminated. We have nol compared re-
sponses in HA14 vs HA28 tests using moderately
contaminated samples. Additional exposures con-
ducted with roderatcly contaminated sedimen( may
exhibit a higher percentage ol sublcthal effects in
the HA28 (est compared to HA14 test (Kemble er
al. 1994). Using CR14 tes(, only one additional
sample was identified as toxic compared to re-
sponses in the HA 14 or HA28 tcsts (USCPA 19906).
A primary consideration in selecting an vrganism
for toxicity testing should be its ability to identify
toxic samplcs (Burton er al. 1996). Tn future evalua-
tions, it may be a more efTicicnt use of resources to
test udditional samples with H. azteca alone rather
than testing fewer sediments using both H. uzteca
and C. riparius.

Culculation and Evaluation of SECs

Duc to space limitations in the journal, only the
HA28 SECs calculated on a dry-weight basis are
listcd in Table 2. USKPA (1996) lists SECs for
HA14 and CR14 tests. We were able Lo calculate
SECs primarily for total metuls, simultancously ex-

Ingersoll et_al.

tracled metals (SEM metals), total PCBs (for the

TIA28 test), and PAHs (Iable 2; USEPA 1996). The

ranges of concentrations in the samples were (oo
narrow or there were too {ew measurcd concentra-
tions in our database to adequately evaluate SECs
for butyltins, methyl mercury, polychlorinated diox-
ins und furans, PCBs (for the CR14 or HA 14 1ests),
or chlorninated pesticides. Either less than five sam.
ples werc toxic for these chemicals or the number
of toxic samples with concentrations above the SEC
wus less than the number of toxic samples with
concentrations helow the SEC.

For a particular chemical, ERMs were typically
higher than paired PELs and ERLs were typically
higher than paired TELs (Table 2; TUSEPA 19Y6).
This resulted from a lower distribution of concen-
frations in non-toxic samples (e.g., low NERM or
NLERH). Although the concentrations of these
puircd SECs differed, the percentage ol sumples
correctly classified by paircd SECs was similar for
all three toxicity tests (USEPA 1996). These analy-
ses indicated ERMs und ERLs were generally as re-
linble as paircd PELs and TELs at classifying both
toxic and non-toxic sumplcs in our database. There-
{ure, the remainder of the paper describes results of
evaluations using ERLs and ERMS instead of TELs

or PELs.

The SECs far a particular chemical vary consid-
erubly in ability to make correct or incorrect cl'\ssi-
fications of toxic or non-toxic samples (Table 2

USEPA 1996). Therefore, the reliability of chtferent

types of SECs was evuluated by plouwting observed
and.expected toxicity of samples based on the mini-
mum number of excecdances of these individual
SECs. For cxample, Figure la is a plot of the per-
centage of samples corrcetly classified as a function
ol the number of individual ERMs exceeded. In the
CR14 test, if an exceedance of an CRM for only
one chemical is used to classify a sample as a hil,
about 65% of the sumplcs were correctly classified
as toxic or not toxic and about 30% of the non-toxic
samples were classilied as hits (Type I error; falsc
pUblllVC) However, the Type IT error wus only 5%
(toxi¢ samples classified as no hit; false negative).
As the critcrion for a hit is increased tv 2 or more
ERM exceedances per sample in the CR14 test, the
percentuge of samples correctly classified increased
to about 80%, Type Il error incrcased to almost
20%, und Typc I crror decreased to < 5%. Tn the

HA14 test, the highest correct classification of -

ahout 75 1o 85% occurs in the range of about 2 to 4
ERM exceedances (Fig. 1a). In this range, Type |
and ‘lype I errurs arc cqual (i.e., cross over of the

e — - ——
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~ABLE 2. Sediment effect concentrations (SECs) calctilated uving dry-weight and total concentrations
ir metals) in the Hyalella wzteca 28-d tests for the entire database. :

g6 _CONC___ N TOX FFFECT HIT CORRECT TOXHIT NOINOT _ NOTHIT _TOXNOT

;]:minum (ngfy)

ERL 14000* 25 11 5 23 4 40 4 52 - 4 |
ERM 58000 25 1 5 10 64 24 40 16 20 |
- [EL 26000 25 1 5 21 44 36 8 48 8 ;
PEL 60000* 25 1 5 52 12 40 16 32 |
NEC  73000% 25 1 5 1 2. 0 52 4 44 }
Arsenic (ug/g) ;
ERL 13 52 24 16 27 63 3 33 21 15 i
“ERM 50 52 24 16 1] 63 15 48 6 - 31
. TEL 1 52 24 - 16 32 62 35 27 27 - 12 ;
PEL . - 48 $2 2% 16 11 63 15 48 6 31 4
* NEC 100 52 24 16 -2 54 p) 52 2 a1
Cadmium (ng/g) . ' o ;
ERL 070 62 24 18 35 66 31 35 26 8 i
ERM 3.9 62 . 24 18 12 n 15 56 5 24
TEL 058 62 24 18 35 66 a1 15 26 8
PEL 3.2 62 24 18 14 74 18 56 5 21 i
'NEC 8.0 62 24 18 8 Tl 11 <60 2 27
Chromium (tofal; pg/g) _
ERL 30 62 24 13 31 60 24 35 26 15
CRM 270 62 24 i3 7 73 11 61 o 27
TEL 36 62 24 13 31 60 24 .35 26 15
“PEI. - 120 . 62 24 13 7 73 1 61 0 27
NEC ©95 62 - 24 13 9 73 13 60 2. 26
Copper (ug/g) ' :
EXL al 52 24 21 26 73 35 . 38 15 - 12
M 190 52 24 21 14 69 21 48 6 25
L 28 52 24 21 29 71 37 35 19 10
PEL 100 52 24 21 17 1 25 - 46 8 21
NEC 580 52 24 21 3 56 4 52 2 42
“Iron (%)
IRL 20 37 22 7 14 57 27 30 11 12
- ERM 28 37 22 7 5 49 11 38 3 .49 :
TEL 19 .37 22 7 14 57 27 30 1 32
PE T8 37 22 7 6 46 1 35 5 49
NEC 29 37 22 7 3 43 s 38 3 54
-Manganese (pg/g) :
ERL 730 - 44 2 11 18 68 30 39 11 20
ERM 1700 44 2 1 8 59 14 45 5 36 i
TEL 630 4 22 11 26 59 34 25 . 25 16
PEL 1200 44 22 1 9 61 16 - 45 5 34 ;
NEC 4500+ 44 2 1 1 48 0 4R 2 50
Nickel (pg/g)
ERL 24 62 24 14 20 68 19 18 13 19
ERM 45 62 24 14" 7 7 n 6! Q 27
TRL 20 62 24 14 24 65 21 44 18 13
i, 33 62 24 14 14 74 18 56 5 21
NEC 43 62 24 4 y 73 13 60 2 20 :
Lead (ug/p) ' !
ERI, 55 62 M 1y 26 74 27 a7 15 11 :
ERM 99 62 24 19 12 74 16 58 3 23 '
el 37 2 19 52 71 31 40 21 8 f
PEL 82 62 24 19 18 7 23 55 6 16 .
NeC 130 62 24 19 8 71 1 60 2 27

Conrinued i
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TABLE 2. Continued.

Ingersoll et al.

——

SEC CONC N TOX  EFFCCT HIT CORRECT TOXIIT' NOTNOT NOTIIT  TOXNOT
Zinc (pg/g) : :
ERL 110 62 24 20 37 63 31 32 29 8
ERM 550 62 24 20 16 74 19 55 6 19
TCEL - 98 62 - 24 20 39 63 32 31 a1 6
PEL 540 62 24 20 16 74 19 55 ] 19
NEC 1300 62 24 20 7 69 10 60 . 2 29
Naphthalene (ug/g) : '

RRI. N 13 62 24 1R 46 55 34 21 40 5
ERM 98 62 24 18 18 61 15 47 15 24
TEL 15 62 24 18 43 56 32 24 CYa 6
PRI. 140 62 24 1R 17 63 15 48 13 24
NEC 1400 62 24 18 6 68 8 60 2 31
Fluorene (ng/g)

ERL 10 62 24 15 58 42 37 5 56 2
ERM 140 62 24 15 16 61 13 138 13 26
TEI 10 62 24 15 58 42 37 5 56 2
PCL 150 62 24 15 15 60 11 48 13 27
NEC 3000 62 24 15 3 03 3 60 2 35
henanthrene (ng/g) '

ERL 27 62 24 22 36 65 31 . 34 27 8
FRM 350 62 24 22 19 66 18 48 13 21
TEL 19 62 24 2 38 68 34 34 27 5
PEL 410 062 24 22 17 63 15 48 13 24
NEC 20000 62 24 22 2 61 2 60 2 37
Anthracene (ng/g)

ERL 10 62 24 17 56 45 37 8 53 2
ERM 140 62 24 17 18 61 15 41 15 24
TEL - 10 62 24 17 56 45 37 8 53 2
PEL 170 62 24 17 15 63 13 50 il 26
NEC 2000 62 24 17 4 65 5 60 2 34
Flueranthene (ng/g) , . .

FRL 33 62 24 20 37 56 27 2y 32 11
ERM 180 62 24 20 24 55 16 39 23 23
TRI. 3] 62 24 20 37 56 27 29 32 11
PEL 320 62 24 20 21 56 15 42 19. 24
NEC 10000 62 24 20 3 63 3 60 2 35
Pyrene (ng/g) - i

ERL 10 62 24 22 39 60 31 29 32 8
ERM isn 62 24 22 22 61 18 44 18 21
TEL 44 62 24 22 36 SS 26 29 - 32 13
PEL 490 62 24 22 21 63 18 45 16 21
NEC 9000 62 24 22 4 65 5 60 2 34
Benzo(a)antliraceue (up/p)

B 19 . 62 24 19 38 55 27 27 34 11
FRM 300 62 24 19 16 68 16 52 10 23
TEL 16 62 24 19 39 56 29 27 34 10
PEL 280 62 24 19 16 68 16 52 10 23
NEC 3000 62 24 19 -6 08 8 60 2 11
Chrysene (ng/g)

ERI. 30 62 24 17 36 52 24 27 34 15
ERM 500 62 24 17 1 73 15 . 58 3 24
TEL 27 62 24 17 38 52 26 26 15 13
PERI. 410 .62 24 17 L6 68 16 52 10 23
NEC 3000 62 24 17 6 68 8 60 2 31
Benzo(a)pyrene (ng/p) ~

ERL 84 62 24 14 25 60 19 40 21 19
ERM 470 62 24 14 8 71 11 60 2 27
TEL 32 62 24 14 31 53 21 32 29 18
PEL 320 62 24 14 12 71 15 56 5 24
NEC 1000 62 24 14 6 68 8 60 2 31

Continued
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TAB LE 2. Concluded.

1611

sF.C CONC N 10X EFFECT HIT CORRECT TOXHIT NOTNOT NOTIHIT TOXNOT
Indeno(lyz:- - d)pyrene ("8/8) T
ERL 30 21 15 32 56 25 32 32 12
ERM 250 5 / 21 15 14 67 11 53 11 23
TEL 17 57 21 15 33 54 25 30 33 2
PCL 240 57 21 15 14 &7 14 53 11 23
NEC 710 57 2] 15 6. 70 9 61 2 28
Benzu(g,h,i)perylene (ng/g) -
ERL 13 062 24 18 40 52 27 24 37 B
ERM 280 62 24 18 11 73 15 58 3 24
TEL 16 62 24 18 3R 52 26 26 a5 13
PEL 250 02 24 - 18 14 71 16 a5 6 23
NEC . 1200 62 - 24 18 6 68 8 60 2 31
_ Benzo(h, k)ﬂuuranthene (ng/g) :
ERL 37 13 6 19 53 14 40 30 16
ERM 71* 43 13 6 14 51 7 44 26 23
TLEL 27 43 13- 6. 15 53 i4 40 30 16
PEL 160* 43 13 6 10 56 5 51 19 20
NEC 4000* 43 13 f 1 67 0 67 2 an
Dibenz{a,h )anthraccnc (ng/g)
ERL 10 13 6 40 37 30 7 63 .
ERM 15* 43 13 6 12 56 7 49 21 23
TEL 10 43 13 6 40 37 30 7 63 .
PEL 28 - 43 13 6 R 56 2 53 16 28
NEC 870+ 13 13 6 1 67 0 67 2 30
Polycyclic Aromatic Hydrocarbons (PAIl-total, ng/g)
LRL - 240 62 24 22 41 56 N 26 35 8
ERM 2200 62 24 22 24 58 18 40 21 21
TEI. 260 62 24 22 K] 55 27 27 34 11
PEL 3400 62 2 22 20 61 16 15 16 23
NEC. 62000 62 24 22 5 66 6 60 2 32
‘PAH-low molecular weight (ng/g)
LRL 80 62 24 21 37 63 31 32 29 8
ERM 6350 62 24 21 2] 63 18 45 16 21
- TEL 76 62 24 21 37 03 31 32 29 8
FEL 1200 62 24 21 16 61 13 48 13 26
NEC 29000 62 24 21 4 65 5 60 2 34
PAH-high molecular weight (ng/g) :
ERL 170 62 24 22 42 55 31 24 37 8
ERM 1700 62 24 22 24 58 18 40 21 2]
TEL 190 62 24 22 38 52 26 26 3s 13
PLL 2300 62 24 22 23 60 18 42 19 21
NEC 33000 62 24 22 o 68 8 60 2 3
Polycyclic Aromatic Hydrocarbons (PCB-total, ng/g) : -
ERL S0 29 10 - 5 Y 09 17 52 14 17
ERM 730 29 10 s 3 76 10 66 0 24
TEL 32 29 10 5 9 69 17 52 14 17
PEL 240 20 10 5 3 76 10 66 0 24
NEC 1% 29 10 5 4 72 10 62 3 24
*3 " Unreliable SEC {e.g., less than five of the samples were designated as wxic for the chemical or the number of 10xic
samples with cuncentrations below the SEEC was greater than the number of toxic samples with cunceutiations above
the SEC).
N: T'otal number of samples used to calculate each SEC.
TOX: Number of loxic sanples.

FFFECT:  Number of toxic samples where the conceutration vl a chemical was greater than the mean concentaton of the

chemical in the non-toxic samples at a Site.

HIT: Number ol sanples with concentrations greater than the SEC.

TOTAL

CORRPCT: Percentage samples correerly classified as toxic.

\J\JOXIm Percentage ol toxic samples correctly classified as toxic (toxic sample und hit).
OTNOT:  Percenimge of non (oxic samples correcily classified as not toxic (non-toxie sample and no hit).

,?O THIT:  Percentage of non-toxic samples incorrectly clussified as toxic (1'ype 1 error; non-toxic sample and hit [false positive]).
O‘\VOI Percentage of toxic samples incorrectly classificd as not-ioxic (Type I ¢ror; toxic sample and no hit [false negative]).
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Observed and expected toxicity of sumples based vn the minimum number of £RM exceedances

using dry-weight concentrations. N = number of samples and SEC = number of SECs used. Figure la
uses all individual ERMs listed in USEPA (1996) or Table 2 regardless of percentage correct classification
by these individual ERMs. Figure Ih uses only those chemicals for which individual ERMs correctly clas-
séfy > 60% uf the samples. Figure Ic uses only those chemicals for which individual ERMs correctly clas-
Sify 2 70% of the samples.

nol toxic/hit line with the toxic/no hit line). In con-
trast, the highest correct classification of ubout 70%
for the HA28 test occurs across 3 to 10 exceedances
with Typc I equal to Type II error at about 7 ex-
ceedances.

Figure 1b plots correct classification of samples

as a function of ERM exceedances using only those
chemicals for which individual ERMs correctly
classify 2 60% of the samples (Fig. lu used all the
individual ERMs reported in USEPA (1996) regurd-
less of percentage correct classification). The num-
ber of ERMs used in the calculations remaincd the

(b)
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same for the CR14 and HA14 tests (Fig. 1a vs 1b);
however, selecting a criterion of 60% reduced the
numhber of CRMs used in the calculations from 25
020 in the HA2S test (Table 2; USEPA 1996). As
result, correct classification increased by about 5 to
10% across 1 to 10 cxccedances in the HA28 test
(Fig. la vs 1b). This increased carrect classification
fesulted from a reduction in Type I error (not
toxic/hit), '
Selecting a criterion of 70% correet classification
for individuat ERMs reduced the number of ERMsy
used in the calculation from 22 to 21 in the CR14
nd HA 14 tests, and from 25 t0 9 in the HA2R test

(Fig. 1a vs Ic; 'luble 2; USEPA .1996). At.1 ERM

excccdance, correct classifications increased in all
three tests by about 10 to 20% and both Type I and
Typc I crror were only about 10% (Fig. 1u vs 1¢).
However, increasing thc minimum number of ex-
ccedances decreased 'correct classificalions of sam-
ples in the HA23 test (Fig. Le). This drop in correct
classification results from increased Type 1I crror
(toxic/no hit) when fewer ERMs are used in the cal-
culation (Fig. 1a vs 1c):

In summary, comrect classification of samples can
be improved by using ERMs with a1 higher pcreent-
age of correct classification. For example, using a
70% critcrion for selection of ERMs, only 1 ERM
had to be exceeded in any of the three tests to
achicve about 80 to 90% correct. classification of
samples with only about 10% Type I and Type 1I er-
rors. By lowering the criterion to 60% for sclection
of ERMs, exceeding 2 to S ERMs still resulted in
about 70 to 80% correct classification of samples.

Figure 2a plots comect classification of samples
as a function of ERL exceedances (regardless of
percentage correct clussification by individual
ERLs). Type II error (false negatives) remains rela-
tively low (< 10%) across the range of 1 to 10 ERT.,
exceedanccs. The highest carrect clussification of
about 60 to 70% occurs at > 5 to 6 ERL ex-
ceedanccs. However, Type T error (lulsc positives)
was -always higher (> 20 to > 40%) compared to
Type II crror resulting in lower percentage correct
classification with ERLs compared to ERMs (Fig.
la vs 2a). '

Selecting a criterion of 60% did not substantially
improve classification by ERL.s in thc CR14 or
I1A14 tests, but correct classification increased
about 10 to 30% in the HA28 test (Fig. 2a vs 2b;
Table 2). Using a 7(0% critcrion for selection of
ERLs, 70 to 90% of the samples were correctly
classified with & to 10 exceedances in the CR14 and
HA14 tests and with 1 to 2 exceedances in the
HAZ2B test (Fig. 2a vs 2c). Howcver, in the HA28
test only non-toxic samples are correctly clussificd
at 3 or more ERL exceedances because of the high
Type U error (toxic/no hit) resulting from using just
2 ERLs (Fig. 2c). In summary, corrcet classification
of sumples can be improved by using multiple
ERLs with a high percentage ol corrcet classifica-
tion. However, samplcs which exceeded multiple
ERLs were typically samples which also cxceeded
ERMs. Hence, exceeding a few ERMs or multiple
ERLs resulted in similar correct classification of
samples.

For NECs, about 70 to 90% of samples are cor-
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FIG 2. Observed and expected toxicity of samples based on the minimum number of ERL exceedances
using dry-weight concentrations. See legend of Figure 1 for a description of Figure 2.

rectly classified at 1 to 10 cxceedances regardless if
all the NECs are used (Fig. 3) or if the 60% crite-
rion or the 70% critcrion are used (USEPA 1996;
‘Table 2). ‘I'ype T and Type IT errors are gencrally
equal at about 1 to 3 exceedunces. However, Type
Il error (false negatives) often starts at 5 to 10%
with only | cxceedance. Increasing the minimum
number of exceedances decrcascd correct clagsifi-
cation of samples. This drop in correct classifica-
tion results from increascd Type II error if multiple

exceedances of NECs are requircd to classify 2
samplc as toxic.

Figure 4 directly compares corrcel classification,
Type I error, and Type I error as a function uf the
minimum number of ERL, ERM, ar NEC ¢x-
ccedances for the HA2R test listed in Table 2. ERLS
only classify about 40 to 60% ol the samples cor-
rectly. The higher Type I error associated with
ERLs comparcd to cither ERMs ar NECs results i0
tms lower correct classification by ERLs. ERMs
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and NECs correctly classify a similar percentage of
samples; however, Type II error is consistently
higher with NECs comparced to either ERMs or
ERLs. In summary, these analyses indicate the reli-
ahility of correct classifications is similar hetween
ERMs und NECs; however, ERMs minimize Typc I
error relative to ERLs and minimize Type 1T error
relative 10 NECs. The high Type I error typically
associated with ERLs is the primary reason Long et
al. (1995) and MacDonald et al. (1996) recommend
BERMs and PELs, but not ERT.s or TELs should be

Used to predict toxicity of samplcs. Howcver, ERLs
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FIG 3. Observed and expected toxicity of sam-
ples bused an the minimum number of NEC
exceedances using dry-weight concentrations and
using all individual NECs regardless of the per-
cent correct classificetion. See legend of Figure 1

. for a description of Figure 3.

and TELs can be used to efficiently identify con- .

centrations below which toxicity is rarely observed.

Tablc 2 und USEPA (1996) list SCCs for PAHs
and total PCBs calculated using dry-weight concen-
trations. USEPA (1996) also lists SECs for PAHs
and total PCBs calculated using sediment cancen-
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#IG 4. Observed and expected toxicity of HA28
samples based on the minimum number of NEC,
ERM, and ERL exceedances using dry-weight con-
centrations regardless of percentage correct classi-
fication by these individual ERMs. See legend uf
Figure 1 for a description of Figure 4.

trations normalized a1 tatal organic carbon (TOC)
concentrations. None of the individual ERMs calcu-
latcd using sediment concentrations normalized to
TOC concentrations correctly classified 2 70% of

the samples (USEPA 1996). Therefore, Cigure 5
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FIG 5. Observed and expected toxicity of HA28

samples based on the minimum numbher of ERM
exceedances using only individual ERMs for PAHs
or PCBs calculated using: () dry-weight concen-
trations or (2) sedimnent concentrations normalized
to total organic carbon (TOC) concentrations
which correctly classify = 60% of the samples. See
legend of #igure ! for a description of Figure 5.

plots correct classification of samples as a function
of ERM exceedances using only individual ERMs
which correctly classify > 60% of the samples in
the HA28 test (n = 11 SECs). Correct classification
of samples ranged between 60 to 70% and Type |
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. ,pd Type I eirors were similar based on ex-

“ccedances of ERMs using either dry-weight con-
centrations or sediment concentrations normalized
to TOC concentrations. Correct classifications were
also similar using PELs and NECs calculated using
dry-weight concentrations or calculated sediment
concentrations normalized to TOC concentrations.

One would expect SECs calculated using sedi-
ment concentrations normalized to TOC concentra-
tions to be more reliable than SECs calculated
using dry-weight concenirations since TOC rcport-
cidly contruls the bioavailability of non-ionic or-

anic contaminants such as PAHs and PCBs in
sediment (D1 Toro e al. 1991). The range of ‘TOC
concentrations in our databuse was relatively nar-
“row compared to (be ranges of contaminant concen-
trations. The mean concentration of TOC was 2.7%
with a 95% confidence interval of only + 0.65%
(n = 62). In contrast, the concenlration ranges of
contaminants normulized to dry weight typically
varied by several orders of magnitude. Therefore,
normalizing dry-weigh! concentrations to a rcla-
tively narrow range of TOC concentrations had ht-
tle influcnce on relative concentrations of
contaminants among samples. Similar [indings
.were reported by Barrick er al. (1988) for ALTs and
. Long er al. (1993) for ERMs calculated using sexli-
-ment concentrations normatized to TOC concentra-

fions. It is surprising that there is not at lcast a trend

of increased reliability with SECs calculated using
sediment concentrations normalized to TOC con-
centrations. The lower reliability of SECs calcu-
lated wsing sediment concentrations normalized to
TOC concentrations may indicule PAHs and PCBs
were not causing the loxicity, but were only associ-
ated with the toxic chemicals. Use uf sediment toxi-
cily identitication evaluations (TIEC) or studics
using spiking of sediment are needed (o establish
these cause and effect relationships (Ankley and
Thomas 1992, Lamberson and Swartz 1992, Ankley
et al. 1996). ,

Predictive Ability of SECs

The predictive ability of SECs in this paper was
evaluated by first calculating SECs using just the
Great Lakes (GL) portion of 1he database (n = 27
Samples). We were able to calculate GL SECs pri-

marily for total metals, simulianeously extracted -

Metals (SEM metals), and PAHs (USEPA 1996).
Th;sc GL SECs were then used Lo predict responses
In independent HA28 and CR14 tests with Clark
Fork River (CFR) sediments (n = |5 samples). The

CFR sediments coniuined elevated concentrations
of As, Cd, Cu, Pb, and Zn. Concentrations of PAHs,
PCBs, and chlorinated pesticides were not clevated
in these samples (Kemble er al. 1994). In the CFR
tests, 7% of the sediments were toxic in the CR14
test und 53%. of the samples were toxic in the HA28
test (Table 1).

Figure 6 plots correct classilication of CFR sam-
ples as a function o! the number of excecdances of
individual GL ERMs which correctly classified
= 70% of thc GL samples. For the CR14 tcst, about
80 to 90% of the CFR samples were correctly clas-

- sified at 1 to 2 exceedances of GL ERMs. The ma-

jority of the samples were not toxic and did not
exceed GL ERMs for the CR14 test. Typc 1I error
(toxic/no hit) was always < 10% and Type I error
(not toxic/hit) was 20% at 1| exceedance dropping to
< 10% with > 2 GL ERM exceedances. For the.
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FIG 6. Obhserved and predicted tuxicity of Clark
Fork River samples hused on the minimum num-
ber of Great Lakes ERM exceedances using dry-
weight concenlrations and using only those chem-
icals. for which individual SECs correctly classify

2 70% of the: Great Lakes samples. See legend of

Figure 1 for a descriptinn of Figure 6.
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-HIA28 test, about 70% of the CFR samples were
correctly classified, Type II error was <10%, and
Type 1 error was 20 to 30% at 1 to 2 GL ERM ex-
ceedances. Above 2 GI. ERM exceedances in the
HA?8 test, Type I ertor incrcases morce than the de-
creasc in Type [ error, resulling in a substantial drop
in correct classification of samplcs. Evaluations
using GL PELs and Gl. NECs resulted in similar
predictive ability compared to GL ERMs for the
CR14 and HA28 tests with CFR sediments.

The CFR sediments primarily contained high
conccntrations of Co and 7n resulting in ex-
- ceedances of GL ERMs for these two metals. Re-
quiring morc than 2 cxceedances of GI. ERMs
resulted in a high Type 1I error (toxic samples mis-
classified as not toxic). Hence, classification based
‘on multiple exceedances of SECs in a preliminary
screening of sedimcnts which contain a limited
munber of contaminants may result in high Type IT
error. For example, Type II error was < 10% and
Type | error was 10 to 30% at 1 to 2 GL CRM ex-
ceedances in both thc CR14 and HA?28 tests with
CFR sedumnents, but Type II error was high with
 multiple exceedances in thc HA28 test (Fig. 6).
Therelore, a fow number of SEC exceedances
should be used to conduct a prcliminary screening
to predict the potential for toxicity in the absence of
actual toxicity testing. This would minimize the po-
tential for fulse negatives (i.e., Type IT error) at the
risk of accepting higher false positives (i.c., Type 1
crTor)., :

We have included this one examplc of how the
prcdictive ability of SECs can he evaluated using

an independent data set. We are currcntly in the .

proccss of using our SECs calculated from the en-
tire database to predict the response of Hyalella
azteca and Chironomus riparius in a variety of in-
dependent data sets generated by other laboratorics

(i-c.. McGee er al. 1994, Pastorok ef al. 1994,

Schlekat et al. 1994, Batts and Cubbage 1995, Day
et al. 1995, Hoke et al. 1995, J. Field, NOAA, Seat-
tle, WA, and M.D. Sprenger, USEPA, Edison, NJ,
unpublishcd datu).

Comparahility to Published SECs

Example comparisons are plotted ol our SE(s
relative to other published SECs for benzo[a]pyrene
(BaP; Fig. 7) and coppcr (Fig. 8). Our SECs are
typically lower than the AET (Figs. 7 and 8) and
EQP values (Fig. 7) and arc relatively similar 1o
paired marine ERMs, ERLs, PELs, or TELs and
freshwater PELs or TELs (Figs. 7 und 8; Smith ef

R,

al. 1996, USEPA 1996). The SECs based on EQp.. .. .

and AET approuches ure typically near the maxij.
mum concentration for the particular chemical ip
our databasc. This is not surprising since EQP va).
ues represent concentrations of single chemicaly
predicted to be toxic whereas the other SECs listed
in Figures 7 and.8 represent concentrutions of a
chemical associuted with toxicity in mixtures of
chemicals in field-collected sediments (Hoke er g
1995).

Smith et al. (1996) reported 14 of their 23 TELs
and 15 of thcir 23 PEl.s were within a factor of 3
for at least two other published SECs. These results
indicaic SECs developed using a variety of ap-
proaches and data sets are oftcn compurable. The
SECs calculated by Smith et al. (1996) were also
comparable to our SECs listed in Table 2 for HA28
tests. However, reliability of the SECs in Smith e
ul. (1996) was generally lowcr than the reliability
of our SECs. The database used by Smith et al.
(1996) to calculate SECs included our data and a

varicty ol additional data sources from North
America. This lower rcliability of SECs reported by

Smith er al. (1996) resulted from including data for
additional species from studics reporting no effects
without matching effect data (i.e., intolerant species
or short exposurc duration) or by including data
from benthic community surveys (i.e., difficult to
compare sediment chcmistry to distributions of ben-
thos). Additional comparisons are ongoing to fur-
ther evaluate comparability and predictive ability of
published SECs to our SECs using additional inde-
pendent data scts (i.c., McGee et al. 1994, Pastorok
et al. 1994, Schlekat et al. 1994, Batts and Cubbage
1995, Day er al. 1995, Hoke e ul. 1995; 1. Field,
NOAA, Seattle, WA and M.D. Sprengcer, USEPA,
Edison, NJ, unpublished duta).

Ultimately, the best measure of comparabilily
among SECs is not (0 compare similarity in ab-
solute concentrations, but to comparc how different
types of SECs correctly (or incorrectly) predict tox-
icity in independent samples. For cxample, Figure 9
plots predictions of toxicity in our HA28 tests as
function of exceedanccs of freshwater PELs (PELT:
Smith et al. 1996), Hyalella azteca ALTs (AELS;
Batts and Cubbage 1995; assuming 2% TOC), EQP
(USEPA 1988, Hoke et al. 1995; assuming 2%
TOC) and SLCs (SLC1: lowest effect level for
Screening level Concentrations; Persuad er 4l
1992). At 1 to 6 cxceedances of these published

“PELs, AETs, and EQP values, toxicity is correctly

predictcd in about 60 to 0% uf the samplcs
whereas SLCs only correctly predict toxicity in
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about 40 10 60% of the samples. 'T'he higher Type 1

error (false positives) associated with SLCs com-
pared to the other values results in this lower cor-
rect prediction by SLCs. The PEL, AET, and EQP
values correctly predict toxicity in a similar per-
centage of samples; however, Type 11 error (false
Regatives) is consislently higher with AET and
EQP valucs compared to cither PELs or SLCs. Tn
Sunmary, these analyses indicate predictive ability
15 similar between published PEL, AET, and EQP
values; however, these PELs minimize Type I érror

felative 10 SLCs and minimize ‘Type I error relative -

 AFT and EQP values. In addition, the predictive

ﬂb.lllty‘ of these published SECs is comparable to

the: reliubility of our SECs listed in Table 2.
Toughout this paper we have evaluated the reli-

gii“ty using the frequency of cxceeding individual
+ 9ECs. Canfield er al. (19964, 1996Gh) and Kemble er

al. (1996) evuluated the reliability of our ERMs
using a toxic quotient approach. A toxic quotient
was calculuted for each sample by first dividing the
concentration of individual chemicals by their re-
spective ERM and then summing cach of these in-
dividual values. Figure 10 plots the relationship
between the frequency of ERM cxccedances and
the sum of thc ERM toxic quotient for HHA28 sam-
ples using all ERMs regardlcss of the percent cor-
rect classification. The frequency of obscrved
toxicily in samples increascs at cither a sum ERM
toxic quoticat of about 10 to 20 or at a frequency of
ERM exceedances of about 3 (v 7. A similar rela-
tionship is evident if only individual ERMs are
used that correctly classily = 60% or 2 70% of the
samplcs; however, a lower numbcr of ERM ex-
ceedances or lower sum ERM toxic quotients arc
nccded to consistently estimatc observed toxicity.
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In summary, either the sum tuxic quotient approach
or the frequency of SEC exceedances are equally
reliable at classifying samples as either toxic or not
toxic in our database (Canfield ef al. 19963 1996b;
Kemble ¢/ al. 1996).

CONCLUSIONS

ERMs and ERLs arc generally as reliable as
paired PELs and TELs at classilying sumples as ci-
ther luxic or not toxic in our database. Reliability ol
the SECs in terms of corvectly classifying sediment
samples is similar between ERMs and NECs; how-
ever, ERMs minimize Type 1 error (false positives)
relative 1o ERLs and minimize Type II emmor (false
negatives) relative to NECs. ERMs and NECs
rather than ERLs should be used to predict toxicity
of samples due to the lower Type 1 crror associated
with them. However, ERLs can be used to efti-
cienlly identity concentrations bclow which toxicity
is rarely observed. Correct classification of samples
can be improved by using only the most reliable in-
dividual ERMs or NECs for chemicals (i.c.. thosc
with a higher percentage of correct classification).

When SECs are used to conduct a prcliminary’

screening to predict the potential for toxicity in the
absence of actual toxicity testing, a low number of

SEC exceedances should be used to minimize the

potential tor talse pegatives (i.c., Type 1I error); .
‘however, the risk of accepting higher faise positives

(i.e., Type 1 error) is increased.

SECs generated using data from field-collected
samples should not be used independently to-estab-
lish trigger levels for clean up of sediments. The
strength of SECs developed using data from tests

- with ficld-collccted sediments is in their use in pre-

dicting the polentia! for toxicity in indcpendent
field-collected scdiment samples. A primary use of

SECs developed with field-collected sediments ¢

should be to providc guidance for determining sitcs
which may require further investigation. The ability
of any SEC or sediment toxicity test to predict ben-
thic community effects should be. considered belore
either of these approaches are used to routinely
evaluate sediment quality (Canfield er al. 1994,
1996, 1996b).

Our SECs were calculated from toxicily tests
with field-collected samples. If a chemical concen-
tration exceeds an SEC generated using data from
these tests with rield-collected samples, it does not
ncccssarily mean the chemical caused the observed
effect. Rather, the SKEC is the concentration of @
chemical that is associared with the effect. Ficld-
collected sediments typically contain complex miX-
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FIG: 9. Obscrved and predicted toxicity of HA28
samples based on dry-weight concentrations and
the minimum number of exceedances of published
freshwater PELs (PELF; Smith ¢t al. 1996),
Ryalella azteca AETs (AET5; Batts and Cubbage
1995; ussumed 2% TOC), EQP (USEPA 1988,
Hoke et al. 1995; assumed 2% TOC) and SLCs
(SLCI; luwest effect level for Screening Level
Cuancentrations; Persuad et al. 1992). See legend
of Figure I fur a description of Figure 9.

lures of contaminants. Additional information is
needed to identify the specific contaminants that
Were actually responsible for the toxicity. Confir-
mution of sediment toxicity due to individual. or

N
o
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—
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tn )
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FIG. 10. Relationship between the frequency of
FRM gxceedances and the suin of the ERM toxic
quotient for toxic and non-texic HA28 samples
using all ERMs regardless of the percent correct
classification using dry-weight concentrations.
Adapted from Canfield et al. (1996a,b) and Kem-
ble et al. (1996).

groups of contaminants or the interactive effects of’

sediment toxicants can be evaluated by using TIE
procedures (Ankley and Thomas 1992, Ankley «!
al. 1996) or by conducting toxicity tests with chem-
icals spiked into sediments (Lamberson and Swarlz
1992). Once thie probable cause(s) of sediment toxi-
city has been identified, better decisions can be
made regarding remediation options.
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