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o _WR v ar) yaleils lnrz oui the midpe Chiromomus fiparius. SECs ase defined a3 l;:':'mcn::r'::;' .
Below which roxicity is rerely observed and above which mxir?r;

eyl mercury, polychlorinated diosins and Jurans. or chlorinated pesticides. About 60 » 80%

SEC roatmms ER:! e ot EXCe @se corretily cinssified as tovic or not 1nsic depending on 1
ot o e EX 4 EX moz generally a5 relioble ay paired PELs and TELs ot rlaul[yin:'z;{
Sampl iabase, Reliobility of the SECy in terms of correctly clossifving sed:-

. wmear i ]
somplirs is similar berween ERMs ond NECs: however, ERMs minimize Type I errov (false positives)
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8 only 4 e 8 SFCs t a
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Celculation of Sedii

INTRODUCTION

Over the past decade, 8 variety studies have re-
posted toxicity associsted with fiekd-collected sedi-
ments (USEPA 1994, ASTM 1993, Burton ¢f ol.
1996). However, it is often difficult (o determine re-
talionships b levels of instion snd
toxicity in thete and other studies because the sedi-
ments typically contain 8 veriety of both organic
and inorganic contaminants. Sediment Effect Con-
centrations (SECs) have been used to determine
concentrations of individual coataminants In sedi-
ment below which toxicity is rarely observed and
sbove which toxicity is frequenily observed (Long
et al. 1993, MacDonsld et al. 1996). However, only
» limited number of SECs for freshwaler sediments
have beea published (Persaud o ol. 1992, Batts and
Cubbage 1995). The objective of the present study
was to develop SECs to classify toxicity data for
Great Lakes sediment samples tesied with Hyalella
ateca and Chirosomus riparins. The SEC dmabase
included samples from additions! sites scross the
United States in order 0 make the database a3 ro-
bust as possible.

Tdeally, SECs could be used to: (1) interpret his.
torical sediment chemistry data, (2) idemify chemi-
cals or areas of concern, (3) identify the need for
more detalled studics befote an action is taken, (4)
identify a p ial problem before discharging 2
chemical, (5) establish a link between a contami-
nant source and sediment quality, (6) trigger reguta-
tory action, or (7) biish target 7 diati

objectives. The strength of SECs generated using
data from studies with individusl chemicels spiked
into sediment or with an equilibrium pattitioning
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ol. 1995, MacDonald er al. 1996). However, there
sre 8 number of limitations associsted with the co-
occumence-based approaches that have been used to
generme SECs incleding cavse and effect s diffi-
cult to establish and use of these SECs may be re-
siricted 10 the geographical srea where the
sediments were collected. Hence, the isst four uses
for SECs listed above are difficult 1o accommodate
using co-occursence-based approaches such ss &
ight-of-evid pproach (Long snd Morgea
1991). For example, these SECs should not be used
independently to establish trigger levels for clean
up of sediment. One of the major strengihs of SECs
developed with data on field-collected sediments is
in their use for predicting the potential for toxicity
in Gicld-collected sediment samples. A primary use
of SECs developed with ficld-collected sediments
should be to provide geidance for determining shes
which may require fusther favestigation (Long and
Morgan 1991, MacDonald 1994). Moscover, the
ability of sny sediment toxicity test or SEC to pre-
dict benthic community effects showld be consid-
ered before any spprosch is used to routiaely
evaluste sediment quality (Canfield ef ol. 1994,
19963, 1996b).
As part of the A and Remedistion of
Contaminsted Sediment {ARCS) program (Ross e/
al, 1992, Fox and Tuch 1996), whole-sedi
toxicity tests were conducied with the amphipod
Hyalella agteca (14- and 28-d tests) and the midges
Chironomus riparing (14-4 test) snd Chiromomus
rentans (10-d test) with sediments collected from
three Great Lakes Areas of Concern: Indians Har-
bos, IN; Buffato River, NY; snd Saginaw River, Ml
(USEPA 1993, Burton ¢t al. 1996). Only 2 limited
ber of pies were fully tested with C.

(EQP) approach is that cause and effect relati

ships can be established (Di Toro et al. 1991,
USEPA 1992). While, all seven of the uses listed
above for SECs could be satisfied with either of
these spproaches, both the spiked-sediment and
EQP approaches were developed primarily for eval-

rentons; therefore, we did not use these data 1o cal-
culate SECs. Sedi hemistry, beathi

nity snalysis (Canfield ¢r al. 19963), elvtrinte
toxicity (Hall e¢ al. 1996). mutagenicity (Papoulias
and Buckler 1996, Papoulias et al. 1996), and toxic-
ity ranking (Canlicld et al. 19962, Wildhaber and

uating the effects of individual chemi 3
contaminated sediments typically contain complex
mixtures of chemicals which could act indepen-
Jenily, additively, synergistically, or sntagonisticaliy.
Therefore, the spplicstion of SECs developed using
these two is ofien uncertain in fiekd-col-

approaches
Iected sediments (Swartz snd DiToco 1997).

One of the main sirengths of SECs generated
using data from tests conducted with field-collected
ssmples is that the potential effects of mixtures of
chemicals are expliciily addressed {Long snd Mor-
pan 1991, USEPA 1992, MacDonald 1994, Long o

Schmitt 1996) of sediment samples were also eval-
uated as part of the ARCS program (USEPA 1993).
In addition to the ARCS data, we evaluated toxicity
and chemistry data g d with sedi col-
lected (rom the following sites: (1) Waukegan Har-
bur, 1L (Ingersoll and Nelxon 1990); (2) the upper
Mississippi River, MN (USEPA 1996); (3) the
upper Clark Fork River, MT (Kembie e1 ol. 1994);
{4) the Trinity River, TX (USEPA 1996). (S) Mo-
hile Bay. AL (USEPA 1996), snd {6) Galveston
Nay. TX (Roach o1 al. 1993).
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 onicity (e.g., sediment

(-] Ingerself ot al.

1996), and (3} No Effecs Conceatrations (NEC;
Spproaches for calculat.

described in companion papers foe confinning
the respoase of test organisms in the laf
with the response of benthic communities in the
field (cg., Scdiment Quality Triad; Caaficld o7 ol
19963) and for confirniing the cause of sediment
spiking and Toxicity Ideati-
ficstion Evalustions, TIE: Ankley and Thomas
1992, Askley ot al. 1996), Smith ¢f ol (1996) also
mmmummmmm-
kahukumwculum'l‘ﬁuu"iulu
freshwaner sediments.

5 calculoned wiing
malized s0 sotal oegunic carbos [T
tioas for sos-ionic organics or SECs calculated
wsiag pore-water metals concentrations. We have ia-
cluded 0ns ex inthe Papes compariag the reli-
ability ERMs calculated wsing dry-weigh
concentrations i conceairations mormal.

applications
b, 3 doy el o e 8 the cati

v ~Bormalized coa-
mumuwmumwwm.

2 ex
mnmﬁuymunm
hl.lsm(lm)ufmmmmhenwuh
mhmmwm

METIIODS

Thlollnl-.mpmmuodﬂc the
“-:(l)“m,umkﬁ,dmw‘?w

requicemenis wers
S&mMMmeh
following tests: (1) IMC.M(QMI.(Z) 4
dleﬂW‘L-‘ﬂ)Mﬂ.mW}.
Data from the fests wers combiaed: (1)

nwmtuummnnmmm~

H. aueca, and (3) lununuc.mauu
uxmmuumsw
mmm(l)&yvﬁmmww
m(fuwmmﬁnad 1991},

TABLE 1. Percentage of whole-sediment sam.

ples identificd as toxic in ripariug
144 (CR14), Hyalells axtecs 144 (HALG), or 1.
sztecs 284 (mm lesty, : A

Toak! Taxie-$? Touic.G? Tozic-M*
A .
CRI4 642) 2442 9 34 ND
HAL4 41032 2501 2008 u @
HA2S 3962 (62 ) 106
Great Lakes
Chidq I BAn n [£3/] ND
HA 4an e VAN 402y
HA2S aan ae,y n s sy

Upper Misstasippl River .
HAS 6(8) o ND ND
Clark Fork River

CRis ) 89 105  ND
HAS BN Bas D 2009
Triaky River

HA4 0(5 0% ND ND
HA2Z 0% o ND ND
Mebile Bay

HAZ} 0% o8 ND ND
G

sivesion Bay
1128 () 0w 234 ND

Tonic: Significant seduction in sucvival, mte
‘“m telative 10 the control (;<°D$.Wm“ .

i

Colculation af Sedimant Effect Concentrations

©¢ (3) AVS (for divaleat metais; Di Toro ¢1 af.
1990). Calculstions sad graphics were pesformed
viing SAS version 6.08 (SAS 1992). -

Texkity Testing

Toxicity tesis with the amphipod Hyalella azieca
were conducted for 10 60 32 d following
outlined in Iagecsoll aad Nelson (1990), USEPA
(1994), and ASTM (1995). Tests were gesenlly
started within 3 weeks of sediment collection. The
m-uuudimwuuﬁu;iu-adchrwlkk
size 10il obtaiscd from an agriculiveal area. Twenty

phipods were exposed in 200 mL, of sediment
with 300 ml of overlying waier in 3-1. beakers,
Four replicate beakers were tested at 20°C oa &
16L:8D pholoperiod at a light inteasity of about S0
1o 100 foot candies. Oveslying waier was reaewed
daily sad the amphipods were fed & suspension of
Purina® Rabbit Chow three times & week. Ead-
poimuwudumccuonhcwuipodm
were sucvival, growth (as leagth), or sexual matuca-
tion. Toxicity tests with the sidge Chironomus ri-
parius were conducted for 13 10 14 d using similar
procedures 10 1hose used in the tests with am-

except midges were < 48-h old a2 the stant
ormmumgumwadmdu;&
Cerophyt®, and Hatz® Dog Trests daily. Eadpoints
measurcd at the ead of the midge tesis were sur-
vival and growth (as leagih). A sample was desig-
nated as “toxic™ if there was a statistically
significant reduction ia survival, growth, oc matura-
tion relative 10 the tespoase ia the comtrol sediment
(USEPA 1996).

Physical characterizations of sediments included
organic carbon content, water coatent, and particle
size. Chemical characterizations of sediments in.
cluded total metals (Ag. As, Cd. Cr, Cu, Fe, Hg,
Ma, Ni, Pb, Se, Zn). ogansometals (butytiing snd
methyl mercury), acid volatile sulfide (AVS) and 3i-

sromatic hydrocasbons (PANS). Metal concenire-

tions (n pore waer were also measured ia aclected

samples (USEPA 1998).
Sodimemt

toakity
lated hcl:‘v (Tadke 1). Suspecied 1oaicants were
miatures mummm
fuww“(mmwmlm River
where sipecied Wnicants were primarily As, Od,
Cu, P 0d 2a

.

Great Lakes ARCS

Sedimuumcolleacdtmm&a(ua
Ademm:Maumumw
In Auguss 1989), BulTalo River (6 samples sested in
October 1989), sad Sagisaw River (4 samples
tested duriag Survey | in December 1989 aad §
taplulcndduiquthlunlM).Toﬂ-
chymmcmmﬂ.-m(wu
aduu)udc.ﬁndu(l“leu).mﬁlkb-
ﬁmuubumpluweumlyukhan-
phlpodsh(hel“leu‘l\euht.allduwih

i was a0t conducted. We assumed for the
cakulation of SECs that Indisna Harbor samples
10xic (0 amphipods in & 14-d test would aho be
toxic in a 28-d test. :

Waukegan Harbor

Toxidlyhsumcmwithlmﬁmm
ples from Waukegan Harbos, IL in November 1937
(H. atteca lomm-uu.c.m 134 sy

Upper Mississippi River

Toxicily tests were conducted with § sedi
samples {rom the upper Mississippi River ascar
Minoeapolis, MN ia S ber 1987 (M. asecs 32-
d es).

Upper Clark Fork River
Sediment

ber 1991). Toxicity tests were condacted with #,
awm(Zl-d!en)ud(‘.M (140 est).

Trinity River

Tozicity tess were Jucted with 3 sedi
sampics from the Triakty River, ncar Daitas, TX ia
June 1983 (N. asece 10- and 324 esua).

Mesdule Buy

Taxkiry tests were conducied with 6 seds
samples from Mobile Bay, AL in March 1988 (&
3008 T84 1eud The seat was condecind wndes e
Cumditions wish lmsﬁuuphmm

Galerwa By
Mu,mmmaam
mmm—mu-mxmm
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azteca Y8-4 test). The test was conducted under sta-
tic conditions wilh 10%e salinity in the overlying

water.

Classification of Effects snd Minimum Data
Requirements for Use of an SEC

To increase the likelihood that assnciations be-
tween sedi hemistry and toxicity would be
cbserved, the data wete scieened to determine if at
least a 10-fold difference in concentration for at
least one chemical among the samples was met
from each site (Long and Morgan 1991, MacDonald
1994). The chemicals measured in cach sample
were classified in terms of theie associstion with the
observed toxicity. Each of the chemicals in the
toxic samples were classified as an “effect™ or “ro
coacordence™ depeadiag on whether the ratio of the
concentration {n the sample to the mean concentra-
tiom in the noa-toxic samples was > | or < 1. Con-
ceatrations of chemicals in non-toxic samples were
designated o3 “no effects.” Samples designated with
the #0 concordance descriptor were slso included
with the no-effect samples for cakculation of SECs.
Long and Morgan (1991). MacDonald (1994), Long
et ol. {1995). MacDonald ¢1 oL (1996), snd Smith et
al (1996) used 8 similar designation; however, they
considered & chemical to be iated with o toxic
elfect only if the mesn concentration in toxic sam-
ples 2t & site was ot feast two fold greater than the
meaa conceniration in noa-toxic samples at a site.
We chose to use 8 ratio of > 1 instead of > 2 1o clas-
sify & sampie a3 sn “effect” in order to minimire
Type t error (toxic sample classified 23 not tonic).
We used an SEC for a chemical only if: (1) five or
more of the samples were toxic for the chemical
and (2) ihe number of 10xic samples with concen-
trations above the SEC was grester than the numher
of tozic samples with concentrations delow the

Calculation of Elfect Range Low (ERL)
awd Effect Range Median (ERM)

We calculated ERLs and ERMS uring provedurcs

¢ described by Long sad Morgan (1991) and Loag et

. (1995). Our ERLs and ERMs are calculated for
individual toxicity tests (e.g., the M. srteca 284
test) in order wse i dpoints for o i

ing 3 toxic response. In contrast, Losg and Morgan
(1991) merged dats from sbout 75 sowrces. These
sowrces included marine snd reshwater field sur-
veys, spiked-sediment tests. snd EQP. Effect renpes

were calculated by Long et al. (1995) for 9 metnls,
13 individuat PAlYs, 3 groups of PARK, and 3 syn.
thetic organic contaminants. Sirengths of the Long
et al. (1993) approach include: (1) ranges instead of
absolutes (e.g., AET) are calculated, (2) = prepon-
derance of evidence from diverse sources is used to
generate the ranges (e.g.. weight of evidence), and
(1) probability of abserving effects can be eati-
mated. Limitations to the Long ef al. (1993) ap-
proach include: (1) the quality of the data was
variable, (2) different types of dntn were merged
(e g.. acute lethatity and beathic community struc-
tore were combined to caiculate effect ranges), (3)
concentrations were calculated on a diy-weight
basis (daia on sediment organic carbon snd AVS
concentrations were not svailable for all data sets),
ard (4) no-effect data are not used i the calculation
of ERLs or ERMs.

Long e ol (1995) calculated ERLs and ERMs
using the following procedure. Concentrations ob-
served of predicted by different methods (o be asso-
ciated with cffects were soned in ascending order,
and the lower 10 percentile (ERL) and 50 percentite
(ERM) elfect concentrations were calculated. An
ERL was defined by Long and Morgan (1991) and
Long er al. (1995) as the concentration of a chemi-
cal in sediment below which sdverse effects were
rarely observed or predicied among seasitive
species. An ERM was defined as the concentration
of a chemical in sediment sbove which effects are
frequently or always observed or predicted among
most species. Use of percentiles minimized the in-
fluence of single data poinis (¢.g., potential cutliers
associated with AETs) on SECs. No-effect data
were used to evaluate the relisbility of ERLs and
ERMs calculated uting only effect data (Long e al.
199%). We chose 10 calculate ERLS using the 15
percentile rather than using the 10 percentile of ef-
fects 10 reduce the potemtial for Type 3 eror (false
ncgatives; MacDonald es al. (1996; sce betow)).

Caiculation of Threshold Effect Level (TEL)
and Probable Eftect Level (PEL)

We catculated TELs and PELx using procedures
described by MacDonald (1994) and MacDonald er
al. {1996). Our TELs and PELs are calculated for
individual toxicity tests in order use consistent end.
points for determining 8 toxic respoase. MacDoasld
(1994) and MacDonald e/ al. (1996) calculated
TELs and PELs by expanding two 1o three fold the
dstabase originally developed by Long and Morgan
(1991) and by excluding freshwater data. Effect

Caleulation of Sediment Effect Concentrations 607

Tanges were calculsted by MacDonald ef al. {1996)
for 9 mctals, 7 pesticides, 13 individual PA#Ls, 3
groups of PAlls, total PCBs, and one phihalate

which statistically siguificant effects (e.g., sediment
tosiclty) are atways observed (Darvick ef al. 1988).
I any chemical exceeds lis AET for 8 pacticulas re-

no-effect dats into considesation.

MacDoneld ef al. (1996) and Smith ¢1 oL (1996)
cakulated TELs and PELs using the lollowing pro-
cedure. Concentrations observed or predicted by
different methods to be associated with effects were
sorted and the lower 13 percestile (ERL) and 50
percentile (ERM) concentrations of the effects dsta
set were caleslated. in addition, the 30 perceatife
(No Effect Range Median; NERM) sad 83 per-
centlie (No Effect Range High: NERH) concentra-
tions of the so-effects dais set were calculaied. The

the geometric meas of the ERM snd NERH, The
geometric mesn was used sather than the srithmetic
mu-buamthetwdmmmwpicany:z

. ester. A similar procedure was used to cal p an s effect is exp d for that re-
freshwater TELS and PELS for 8 metsls, § individ. spoase. If all concenirations of chemicals are below
us! PAHs, tois} PCBs, aad § pesticides (Smith ef ol. iheir AET for & particular response, thea no sdverse
1996). Sueagths and limitations to this approach effect is expected. The AET approach has been ap-
are similer 10 tha ERL/ERM approach. However, - plied 10 contaminaied sediment in marine eaviron-
caiculation of TELS sad PELs take both effect and ments (¢.g., In the Puget Sound, Barrick e7 ol. 1988,

and in California, Becker ef al. 1389); howevey, the
AET spprosch has rerely beea wsed 1o evaluste
freshwater sediments (Kemble er ol. 1994).

A NEC is calculated as the maximum concentra.
tion of » chemical in & sediment that did aot signifi-
canily adversely affect the particular response (e.g.,
survival, growth, or maturstion) compared 1o the
control. . We chose 10 use the term NEC iasiesd of

pose-water while AETs
are typically calculated for just whole-sedimest
: (2) & minimum of 25 10 SO samples
Is recommended for calculating as AET sad we
used < 25 to calculate some of our NECs;
and (3) we cakculated effects relative to s control
sediment, whereas AETS sre typically calculsted

fative 10 ref sediments.

normally distributed. An analogous proced:
been used to calculaie Maximum Acceptadle Toxi-
cant Concentrations (MATCs) from the geometric
mean of the so-observable- sad low-observable-ef-
fect concentrations (LOEC and NOEC; MacDonald
1994). For esch of the values (ERL, ERM, NERM,
and NERH), a series of percentiles was evaluated to
optimize corvect cimsification of toxicity using the
TELs and PELs (MacDonaid 1994). The sp-
descrided by Long ef al. (1993) and Mac.
Donald et al. (1996) have been used by NOAA
(Long and Morgan 1991), Environmeat Canada
(CCME (993), and the state of Florida (MacDonald
1994) 10 derive sediment quality guidelines. Addi-
tional organizations that are considering the use of
these spproaches 10 derive sedi quslity guide-
lines Include the state of California (Locenzato er
al. 1991), the Interaational Council for Exploring
the Sea, and the National Rivers Authority in the
United Kingdom (R. Fleming., WRe, Marlow,
Bucks, United Kingdom, peraonal communication).

Calculation of Ne Effect Concentration (NEC)

We slso calculated No Effect Concentrations
(NECs) which sre anslogous to Apparest Effect
Thresholds (AETs), An AET is defined as the sedi-
ment concentration of s given chemical above

O TRy e

Evalustions of SECs

SECs were evaloated relative to their p iad to:
(1) comrectly classify toxic samples as loxic (toxic
sample thst exceeds an SEC {hit]). (2) correcily
classify mon-tozic samples a3 aot toxic (mom-tozic
sample that does not exceed sa SEC {no hit]); (3)
incorreciiy classify non-10xic samples as toxic
(Type 1 ervor; {alse positive; non-toxic sample that
exceeds an SEC {hit]); and (4) incorrectly classify
toxic samples a3 not toxic (Type If ervor; fahe neg-
ative; toxic sample that does not exceed an SEC [n0
hit]). The SECs were evaluated relative to their: (1)
seliability in 1erms of comrecily classifying the toxi-
city of sediment ssmples within the data set, {2)
predictive ability for corvectly classilying the toxic-
ity of sedi ples from independent data scts,
and () comparability within the data set or to other
published SECs.

RESULTS AND DISCUSSION

Toxicity of Sediment Samples
The percentage of sediment samples identified 23
toric are listed in Table 1. Servival or growth of C.
riparius in 14-d tests (CRI4) were significantly re-

’
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recily chassified at 1 to 10 exceedances regandless if
alt the NECs are used (Fig. 3) ar if the GO crile-
rion or the TO% criterion are used (USEPA 1996;
Table 2). Type t and Type 1l ervors sre gencrally
equel ot sbowt | 10 3 exceedances. However, Type
I ervor (Ialse megmives) onn starts 4 § o %

with only | -
ber of exceed: de ¢ correct classifi-

cation of sanples. This deop in correct clssifice-
tion resuhs frwn increased Type I eoror if moltiple

exceedances of NECx are requited to classify &
sample as toxic.

Figure 4 directly 5 ©
Type | ervor, snd Type If error 33 @ function of the
minimem sember of ERL. ERM, or NEC ex-
ccedances for the HAZS test listed in Table 2. ERLs
oaly classily sbout 40 to 60% of the samples cor-
vectly. The higher Type | evror associsted with
ERLs compered to either ERMs or NECs results in
this Inwer correct clascilication by ERLs. ERMs
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and NECs correctly classify 8 simitar percentage of
samples: however, Type 1 error is consistently
higher with NECs compared to either ERMs or
ERLs. In summary. these snalyses indicaie the reli-
ubility of correct claasifications s similar between
ERMs and NECs; however, ERMs minimize Type |
ervor relative 1o ERLs and minimize Type 1§ esvor
relative to NECs. The high Type | error typically
associsted with ERLS b3 the primery reason Long et
ol (1993) and MacDonald e¢ al, (1996) recommend
ERMs and PELs, but wot ERLs or TELs should be
used 1o predict 1oaicity of samples. However, ERLs
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FIG ). Observed and expected toxitity of sam-
ples based on the minimum number of NEC
ox ez nsing dry-weight concentrations and
using all individwal NECs repardless of the per-
cent correct classification. See legend of Figure 1
Joo @ description of Figure 3.

snd TELs can bc used to elficienty identily con-
centrations below which toxicity is rarely observed.

Tuble 2 and USEPA (1996) st SECs for PAM:
and totsl PCBs calculated using dry- concen-
tralions. USEPA (1996) also lists SECs for FAHS
and total PCRx calcuisied wsing sediment concen-
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and Type I errois were similar based on ex-  CFR
seedances

aarmalized 1o TOC conceatrations, sest (Table 1),

sediments coatsined
ummmwmm- of Az, Cd, Ca, Pb, sad Za.
i PCBs, asd chlariasted

mm«mmmmw- Figuee 6 plots ion of CFR sem-

meat 0 TOC comcentra- munfmh.dumdwd

tioas o be more reliable than SECS Taackulua i;g‘i;‘ld:;l 0:.1 ERMs whi::' :t&q;y classified

uiing dry- concentrations since fepon- the GL semples. 4 lest, sbowt
W e & sumems cdlymohlhbhovdwmyofnu-bokw- Qlo”iolha‘lu—plu correcty clas-
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(DI Yoco et al. 1991). The range of TOC Jotity of the samples wese not toxic
thdﬂaﬁuevnuwmym. mmcl..l-)xmrg:ucnuuwpnm

(n = 62). In contrast, the ranges of
contaminanis normalized so dey weigh typically
varied by several ordesy of 3
aocmaliziag dry-weight concenttations to s sela-
u-aymwmpamcmuw-
tie iafluence on relative concentrations of
contami '3 ples. Similar fiadings
were reporied by Barrick ¢f af. (1988) for AETS and
Loag ef al. (1995) for ERMs calculated using sedi-
ment L
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A28 of the CFR samples were
{M e 1revoic wat <lO%. and
Type | etvor was 20 to 30% at ) to 2 GUL ERM ex-
ceedances. Above 2 GL ERM exceedances in the
HA28 test, Type 1l error increases more than the de-
crease in Type | error, resulting in s substantial drop
in correct classification of samples. Evalwations
using GL PELs sad GL NECt retulted in similar
peedictive ability compared to GL. ERMs for the
CR14 and HAZS tests with CFR sediments.

The CFR sediments primarily coatained high
conceatrations of Cu and Zn resulting in ex-
ceedances of GL ERMs for these two metals. Re-
quiring more than 2 exceedances of GL ERMs
resulied in 8 high Type 11 ervor (toxic samples mis-
classified a3 not toxic). Hence, classification dased
on multiple exceedances of SECs in » pretiminary
screening of sedimenis which contain 8 limited
member of contaminants may result in high Type il
ervor. For example, Type 3 error was < 10% and
Type 1 error was 10 10 30% ot | to 2 GL ERM ex-
ceedances ia doth the CRI4 and HA2E iests with

. CFR sedimests, but Type 11 error was high with

raultiple exceedances in the HA2S test (Fi; 6).
Therefore, a low ber of SEC 13
should be used 1o conduct 8 preliminary screening

%0 predict the potestial fovmnuylnlhenbumor
scteal toxicity testing. This would minimize the po-
sential for false negatives (i.c., Type Il ervor) at the

° risk of accepting higher false positives (i.e, Type |
* error).

" We have included this one example of how the

al. 1996, USEPA 1996). The SECs based on EQP
and AET approsches are typically mear the mani-
mum conceatration for the particular chemical in
our datsbese. This is not surprising since EQP val-
uet represent concentrations of single chemicals
predicted 10 be toxic wheress the other SECs listed
in Figuces 7 and § represeet concentrations of &
chemical associated with toxicity in mintures of
cmkah in fetd-collecied sediments (Hoke et ol
1995).

Smith et al. (1996) reported 14 of their 23 TELs
and 1S of their 23 PELS were within a factor of 3
for &t least two other published SECs. These results
indicate SECs developed using & variety of sp-
peoaches snd data sets are often comparable The
SECs cakulated by Smith ¢ al. (1996) were Jiso
comparable to our SECs listed in Table 2 for HA2R
tests. However, relisbility of the SECs in Smith 7
al. (1996) was generally fower than the relisbility
of owr SECs. The database wsed by Smith ¢ ol
(1996) 1 calculate SECs tucluded ovr data and ¢
variety of additions) dsts sources from North
America. This lower reliability of SECs reported by
Smith et ol. (1996) resulied from including data for
sdditional species from studies reporting wo effects
without matching effect data (Lo, intolerant species
or shost exposure duration) or by including data
from bemlne eomnnny surveys (a e., difficeht to

yto of ben-
thos). Additional mwnms are ongoing (o fur-
thes eval bility and predictive ability of

published SECs w our SECs uung additional inde-
dent data seis (i.c.. McGee ef al. 1994, Pastorok

predictive sbility of SECs can be evalwated using
sn independent dats set. We are currently in the
process of ssing our SECs calculated from the en-
tire database to predict the response of Hyalr"a
oteco and Chiromomus riparins in # varicty of in-

¢t al. 1994, Schickat et al. 1994, Batis and Cubbage
1995, Day et al. 1995, Hoke ¢ al. 1995; ). Field,
NOAA, Seaitle, WA and M.D. Sprenger, USEPA,
Edison. NJ, unpublished data).

o Jemt daia sets g d by ather tah ]

[{X f McGee ¢1 of lm Pastorok €1 al. 1994,

Schiekst of al. 1994, Baits and Cubbage 19935, Day

et ol. 1993, Hoke ef al. 1993, . Field, NOAA, Seat-

tle, WA, 3nd M.D. Sp USEPA, Edi N3,
& dna).

Comparsbility te Published SECs

Ezample comparisons sre ploited of our SECs
relative to other published SECs for bentolajpyrene
{BaP; Fig. 7) end copper (Fig. 8). Owr SECs are
typically lower than the AET (Figs. 7 and 8) and
EQP values (Fig. 7) 3ad ace relatively similer to
paired marine ERMs, ERLs, PELs. or TELs and
freshwarer PELS or TELs (Figs. 7 ond 8; Smith ¢/

Utti 1y. the hest measure of comparabitity
among SECx is aut 1o compare sinvilarity in ab-
solue 0 but to compare how different
types of SECs comnly tor incorrecily) predict wn-
icity in ¥ For le, F,
plnls wnlmkm ol’ !olidly in onr HA2R tests ax 2

es of fresh PELS (PELF:

Smith et .l 1996). Hyalella aztece AETs (AETS;
Datts and 1993; assuming 2% TOC), EQP
(USEPA 1938, Hoke er ol. 1995; sssuming 2%
TOC) and SLCs (SLCI; lov:ul ellecl Ievel for

g Level C s P d et al.
1992). A1 | to 6 exceedances of these published
PELs, AETs, and EQP values. Yoxicity is corvectly
predicted in about &0 to B30% of the samples
whereas SLCe only correcily predict toxicity in

L 124
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FIG 7. Comparsbility of sur SECs for the entire detabase to pudlished
SECs for benzo[a]pyrene (BaP) based on dry-welgh! concentrations.

Marine ERL

RL and ERM (ERLM and ERMM; Long ¢t al. 1995); marine TEL.

and PEL TELM and PELM; MacDenald, ot sl 1995); freshweter TEL and

PEL (TELF and PELF; Smith ¢t al. 1996); (€) marine AETS (AET! !u
amphipods, AET2 for oyiiers, AET3 for Microtox, AKT4 for benthos; Bar-

vick et al. 1988); freshwoter AETY (AETS for Hyelella atteca and AET6 for

Microtox; Batis cnl Cubbage 1995 (assumed 2% total organic carbon

(TO0); (6) Scr 2 Level C

tons (SLCI for lowrst effect level,

SLC2 for severe wm level (

d 2% TOC); P

d et al. 1992); end

{7) EQP (USEPA 1988, Heke ¢t al. 1995; assumed 2% TOC).

about 40 to 60% of the samples. The higher Type {
eror (false positives) associnted with SLCs com.
pared to the other vatues resuks 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 it error (false
negatives) is consistently higher with AET and
EQP values compated 10 cither PELY or SLCs. In
summary, these aaslyses indicate predictive sbility
is similar between published PEL, AET, and EQP
valves: however, these PELS minlmize Type [ error
relative 0 SLCs and minimize Type )l esror relative
‘o AET and EQP values. In addition, the predictive
.tnlny of these published SECs is comparsble to
the reliability of our SECs listed in Table 2.

Theoughout this paper we have evaluated the reli-
ability using the f of exceeding individual
SECs. Canfield o1 ol. (19962, 1996b) and Kemble ot

al. (1996) evaluated the reliability of our ERMs
using @ toxic quotient approach. A toxic quatient
was catculated for exch sample by first dividing the
concentrtion of individual chemicals by their re-
spective ERM and then summing each of these in-
dividual values. Figure 10 plots the relationship
between the frequency of ERM d snd
the sum of the ERM toxric quoticnt for JIA2S sam-
ples using all ERMs regardiess of the percent cor-
rect classification, The (requency of observed
toxicity in increases ot cither 8 sum ERM

toxic quoticat of about 10 to 20 or at 8 frequency of
ERM exceedaaces of sbout 3 1o 7. A similar sels-
tionship is evideat if only individual ERMs sre
used that correctly classifly 2 60% or 2 70% of the
samples: however, & lower asmber of ERM ex-
ceedances or lower sum ERM toric quotients are
needed 10 consistently estimate observed tosicity.
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