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Abstract—Maiching synoptically collected chemical and laboratory bicassay data (1 = 1,068) were compiled from analyses of
surficial sediment samples collected during 1990 ta 1993 (o evaluate the predictive ability of sediment quality guidelines (SQGs),
specifically, effects range—Ilow (ERL). effects range—median (ERM). threshold effects level (TEL), and probable effects level
(PEL) values. Data were acquired from surveys of sediment quality performed in estuaries along the Atlantic. Pacific. and Gulf of
Mexico coasts. Samples were classified as either nontoxic (p > 0.05 relative to controls), marginafly toxic (p < 0.05 only), or
highly toxic (p < 0.05 and response greater than minimum significant difference relative to controls). This analysis indicated that.
when not exceeded. the ERLs and TELs were highly predictive of nontoxicity. The percentages of samples that were highly toxic
generally increased with increasing numbers of guidelines (particularly the ERMs and PELs) that were exceeded. Also. the incidence
of toxicity increased with increases in conceatrations of mixtures of chemicals normalized to (divided by) the SQGs. The ERMs
and PELs indicated high predictive ability in samples in which many substances exceeded these concentrations. Suggestions are
provided on the uses of these estimates of the predictive ability of sediment guidelines. '

Keywords—Sediment quality guidelines

INTRODUCTION

Using similar empirical approaches, sediment quality
guidelines (SQGs) were prepared for salt water (1-3] and
freshwater [4,5] as informal (nonregulatory) benchmarks to
aid in the interpretation of sediment chemistry data. For marine
sediments, effects range—low (ERL) and effects range—me-
dian (ERM) concentrations for 9 trace metals. 3 chlorinated
organics, and 13 polynuclear aromatic hydrocarbons (PAHs)
were identified {1]. Threshold effects leve! (TEL) and probable
effects level (PEL) concentrations for 9 trace metals. § chlo-
rinated organics, 1 phthalate, and 13 PAHs were published [2].
These guidelines were not based upon experiments in which
causality was determined. Rather, both sets of marine guide-
lines were based upon empirical analyses of data compiled
from numerous field and laboratory studies performed in many
estuaries and bays of North America. These studies included
chemistry data and a variety of different types of biological
data for numerous taxa derived from either bioassays of field-

_ coilected samples. laboratory toxicity tests of clean sediments
spiked with specific toxicants, benthic community analyses.
or equilibrium-partitioning models.

The objectives of the ERL and TEL values and of the ERM
and PEL values.were comparable, The ERLs and TELs were
intended to represent chemical concentrations toward the low
end of the effects ranges, that is, below which adverse bio-
logical effects were rarely observed. The ERMs and PELs were
intended to represent concentrations toward the middle of the
effects ranges and above which effects were more frequently
observed. As estimates of reliability. the incidence of adverse
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effects within concentration ranges defined by these SQGs
were determined using data with which they were derived
[1.2]. Generally, adverse effects occurred in less than 10% of
studies in which concentrations were below the respective ERL
or TEL values and were observed in more than 75% or 50%

of studies in which concentrations exceeded the ERMs or-

PELs. respectively.

Since they were published. the guidelines [1.2] have been-

used as interpretive tools in many sediment assessments
throughout North America and elsewhere. Generally, the ERLs
and TELs have been used to identify relatively uncontaminated
samples that pose a limited risk of toxicity. The ERMs and
PELs have been used to identify those samples and areas in
which chemical concentrations were sufficiently elevated to
warrant further evaluation. Because these guidelines were
based upon analyses of large databases. mostly composed of
field-collected data in which mixwres of toxicants were en-
countered, jt was assumed [1.2] that the guidelines would pro-

" vide relatively accurate tools for classifying newly collected

samples as potentially toxic or nontoxic. Thus far. however
the accuracy of the two sets of guidelines in predicting non-
toxic and toxic conditions correctly has not been evaluated.
Therefore, because of the widespread use of these guidelines,
we concluded there was a need for analyses of their predictive
ability with data independent of those with which the SQGs
were derived. '

The objectives of this paper are to quantify the frequency
with which ERL/ERM and TEL/PEL guidelines correctly cias-
sify samples as either nontoxic or toxic: to gquantify the in-
cidence of toxicity among samples in which different numbers
of SOGs were exceeded: to determine the incidence of toxicity
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Table 1. Sourcss of data and the toxicity tesis performed in each study
Bioassays performed
Clam Urchin Abailone
Amphi- Clam embryo Urchin egg embryo embryg
ped  embryo develops Microbial {ertiliza-  develop-  develop-
Survey araz Year sampled No. samples survival survival ment  bioluminescence  lion ment . ment
Hudson=Raritan estuary 1991 38 X X X X
Newark Bay 1993 20 X
Long [sland Sound 1991 63 X x A p
Baoston Harbor 1993 30 X X X
Tampa Bay phase | 1992 16 X X X
Tamnpa Bay phase 2 1993 43 X : X
San Diego Bay 1993 121 X X
San Pedro Bay 1992 45 X X
Charleston Harbor 1993 19 X X X
EMAP-—Estuaries® 1990-1992 611 X
Tatal 1.063

+ EMAP = Environmental Monitoring and Assessment Program; data from mysid tests not included.

to the SQGs: and to compare the relative predictive ability of
the two sets of guidelines. The -design followed that of a pre-
vious study in freshwater [5] in which type [ and type {] errors
were determined for ERL/ERM and TEL/PEL values, Type I
errors (false positives) are those in which toxicity was expected
{based upon high chemical concentrations), but was not ob-
served. Type I errors (false negatives) are those in which no
toxicity was expected {low chemical concentrations), but was
actually observed.

METHODS

Matching, synoptically collected. sediment chemistry and
bioassay data for 1,068 samples were compiled from studies
performed by the National Oceanic and Atmaspheric Admin-
istration (NOAA) and U.5. Envircnmental Protection Agency
(U.S. EPA) (Table 1). Regional sediment quality assessments
were conducted as a part of NOAA's Narional Status and
Trends Program (NS&TP) and included those performed in
(all in the USA) the Hudson-Raritan estuary in New York and
New Jersey (6], Newark Bay in New Jersey [6], the bays
adjoining Long Island Sound in New York and Connecticut
[7], Boston Harbor in Massachusetts (8], Tampa Bay in Florida
[9], San Diego Bay [10] and San Pedro Bay [11] in southern
California, and Charleston Harbor in South Carolina (unpub-
lished). The U.S. EPA data were generated in Environmental
Monitoring and Assessment Program (EMAP) studies of the
Virginian and Louisianian estuarine provinces [12-14].

All of these data were generated during surveys performed
10 quantify the spatial extent. patterns, and severity of adverse
biciogical effects attributable to toxic substances. Samples
from the upper 2 to 3 cm of the sediments were collected with
grab samplers throughout each survey area to characterize sur-
ficial sediment contarnination and toxicity. Data for these anai-
yses were selected because they wete generated with similar
protocois, included matching chemistry and toxicity results,
indicated a range in toxicity responses, and represented con-
ditions from ail three coastlines.

Sample collection and handling methods, toxicity testing
methods, chemical analytical protocols, and raw data are in-
cluded in the respective technical reports, All analytical lab-
oratories followed the performance-based protocols of the
NS&TP and EMAP—Estuaries to ensure comparability among

rials [16.17] for the amphipod survival tests. U.S. National
Biologica! Service {18] for the urchin tests. and U.S. EPA [19]
and Schiewe et al. {20] for the Microox®™ tests (AZUR En-
vironmental, Carisbad, CA. USA). All bioassay data were ex-
pressed as percent of negative. [aboratory controls (not ref-
erence samples) to account for variability among studies and
iaboratories in organism viability.

We considerad several different approaches to the classi-
fication of samples as either aontoxic or toxic. In an interla-
boratory comparison of performance, results of amphipod sur-
vival tests were classified as either nontoxic (mean survival
96-96.5%). marginally toxic (mean survival 76.5-83%), clear-
ly toxic (mean survival < 76%), highly toxic (mean survival
< 20%) [21). Swartz et al. [22] classified resuits of amphipod
survival tests as either not toxic (<13% mortality), uncertain
(13-24% morality), or toxic (>24% mortality). Statistical
tests were recommended (E6] t0 determine if differences in
results of lests of field-collected samples and controls are sta-
tistically significant. An alternative approach [23], based upen
results of power analyses of amphipod survival tests, rec-
ommended the use of minimum significant differences (M3Ds)
from controls as criteria for classifying samples as toxic.

We chose to use a combination of these approaches to clas-
sify samples. Following standardized procedures [16], samples
in which 1est results were not statisticaily different from neg-
ative controls (i.e., p > 0.05) were clissified as nontoxic and -
samples in which results were significantly different from con-
trols were classified as toxic, However. to further distinguish
differences in degrees of toxicity, sample classifications fol-
lowed the recommendations of Thursby et al {23]. Samples in
which test results were significant relative to controls, but were
less than MSDs were labeled as marginally toxic and those in
which reselts were both significant and greater than MSDs
were labeled as highly toxic. The highly toxic label does not
imply that toxicity was severe; rather, it was used to identify
those results for which statistical certainty was greatest. The
MSD values calculated and published for Ampelisca abdita
[23] were used for ail amphipod test resuits. The MSD values
for Microtox tests [24], Arbacia punctulara fertilization tests
[25], and and all other tests were determined empirically with
power analyses of the frequency distributions of data from
each test,
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laboratory replicates is very small [23]. However. these sam-
ples could not be classified as nontoxic because they were
significanuly different from controls. Therefore, we chose to
classify them separately as neither nontoxic nor highly toxic.
Because of the uncertainty associated with marginally toxic
results. this evaluation focuses mainly upon the nontoxic and
highly toxic categories.

Following the completion of an clectronic database. several
analyses were performed to determine the predictive ability of
the guidelines. In these analyses. the guidelines for nickel were
excluded because of the low degree of reliability determined
for these values [1.2]. Also, the sums of low- and high-mo-
lecular-weight PAHs and total PAHs were excluded to avoid
redundancy with the data for individual compounds. In sum-
mations of totai polychlorinated biphenyls (PCBs), total di-
chlorediphenyltrichloroethanes (DDTs), and total PAHs, con-
centrations of individual compounds were treated 3s zeroes
when they were below method detection limits (MDLs). The
MDLs achieved differed slightly among laboratorjes: there-
fore, the use of zeroes minimized inconsistencies in data treat-
ments. In any case the use of either one haif of the MDL or
zerges had no effect upon classification of samples refative o
the SQGs.

Three data analyses were performed, First, the predictive
abilities of individual SQGs were determined, Second. the in-
cidence of toxicity was determined among samples in which
none of the substances equaled or exceeded the ERL concen-
trations: in which one or increasing numbers of substances
exceeded ERL concentrations. but none exceaded any ERM:
and in which one or increasing numbers of substances ex-
ceeded ERM councentrations. The same approach was used to
evaluate the predictive ability of the TEL/PELs. We scored
samples as exceeding SQGs when a chemical concentration
either equaled the value or exceeded it by any amount.

In the third analysis, the incidence of toxicity over ranges
in mean SQG quotieats (3.25] was determined. The concen-
trations of individual chemicals were divided by their respec-
tive ERMs.or PELs and the means of these concentration-to-
SQG quotients were determined, The means of these quotients
were determined to account for differences among studies in
the numbers of chemicals for which analyses were performed.
Predictive ability was calculated with samples classified as
either nontoxic or highly toxic. excluding the marginally toxic
resulis,

Similar to the criteria used to datermine guideline reliability
{t], we considerad the guidelines to be predictive if the in-
cidence of toxicity was less than 25% when all concentrations
were less than the ERLs or TELs and greater than 75% when
at, least one concentration exceeded an ERM or PEL, There-
fore, our target level for both false negatives and false positives
was =25%.

Data are reported for the results of amphipod survival tests
aloue and for any one of the battery of two to four tests per-
formed. In the latter analyses, samples were classified as mar-
ginaily or highly toxic if one or more of the bioassays mes the
criteria for these classifications.

RESULTS

The database

Data were compiled from 1.068 samples analyzed during
EMAP and NOAA studies conducted during 1990 to 1993.

Roughly one third of the data were obtained from the NOAA

E.R. Leng et al.

from 20 10 121 (Table 1), The EMAP datz from the Atlantic
and Gulf coasts coastituted the remaining two thirds of the
database {n = 611).

Amphipeod survival was determined for ail samples: one ta
three additional tests were performed on all samples except
those collected in the EMAP and Newark Bay studies (n =
437). The data from bioassays purformed with mysids by the
EMAP were not used because these tests failed to indicate
toxicity. Amphipod survival was determined with A. abdita
in Atlantic and Gulf coast surveys and with RAepoxynius
abronius in California surveys. Other tests included bivalve
{Mulinia lateralis) embryo survival and development with ex-
posures to-¢futriates; microbial bioluminescence (Micratax) in
exposures to organic solvent extracts: and pore-water tasts of
echinoderm (A, punactulata) feritization in Gulf and Atlantic
coast areas, echinoderm {purple urchin. Strongvlocenrrotus
purpuraius) emoryo development in San Diego Bay, and em-
bryological development of red abalone (Haliotis rufescens)
¢embryos in San Pedro Bay. [nsufficient numbers of samples
were tested in any of these nonamphipod tests o warrant anai-
yses alone: therefore. the resuits of these tests were combined.

The chemical data from each survey indicated that samples
contained mixtures of contaminants, including trace metals,
PAHs. and chiorinated hvdrocarbons. The numbers of sampies
analyzed for each chemical ranged from 399 10 1.080 (Table
2). Analyte concentrations exceeded the MDL in a majority
of the sampies. The concentrations of most race metals ranged
over two to three orders of magnitude. and those of most
organic compounds ranged over four to six orders of magni-
tude. Concantrations of the PAHs were most often less than
the MDL.

None of the samples exczeded the ERM value for arsenic
and <1.0% exceeded the ERMSs for cadmium and chromium
(Table 2). Relatively small proporticns of the samples had
chemical concentrations that exceeded ERM values. indicating
that the data were not skewed oward waste sites with unusu-
ally high concentrations. Undoubtedly, some sampies con-
tained chemicals that were not quantified or for which there
were no SQGs.

Among the different tests performed, 15 to 91% of the
samples were at least marginally toxic (Table 3). Bioassay
results showed a wide range of response, often {rom 0 o
>100% of mean conrrol responses. [n the amphipod tests 36
to 52% of the samples were toxic whereas in the tests of pore
water 56 to 91% of samples were toxic.

The frequency distributions of the dara from most of the
tests were similar, that is. responses in most samples were
>80% of control responses (Table 3). Many of the EMAP
samples were marginally toxic in amphipod tests. The data
from embryological tests with the purple urchin (5. purpur-
atus) and red abalone (H. rufescens) indicated similar fre-
quency distributions, both suggesting higher sensitivities to
the samples than found in the amphipods. Empirically derived
MSDs for each bioassay were very similar, ranging from S0
to 87%.

Incidence of toxiciry

Concentrarions greater than individual SQGs. Table 4
summarizes the percentages of samples thar were not toxic.
were marginally toxic, and were highly toxic in the amphipod
tests alone and in any of the two to four tests performed when
the concentrations of substances equaled or excerded individ-
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Table 2. Ranges in chemical cancentrations, numbers of samples in which concemtrations were less than or greater than method detection limits
(MDHLs), and percentages of samples in which effects range—median (ERM} values were excesded

Range in detected Range in conen.

concemtrations below detection limits

No. % No. Na,
Chemical* Units sampies > ERM" > MDL Lowest Highest Lowest Highest < MDL
Arsenic ppm 920 0.0 913 0.l 4 1.2 1.7 7
Cadmism ppm 987 0.2 987 0.03 (9.8 0.01 .0.05 0
Chromium ppm 1.058 0.5 1,045 { 1,220 1.2 18 3
Copper ppm 1.057 2.4 1.031 0.7 1.770 0.2 1 26
Lead ppm 1.052 K 1.038 1.4 510 C 0.3 1.3 I4
Mereury ppm 994 12.7 994 o.ot 3] 0.001 .01 ¢
Nicke) ppm 1042 1 1.006 0.3 136 0.2 1.7 36
Silver pom 919 14 366 0.01 10.1 0.01 0.7 53
Zine ppm 1.060 3.3 1.060 1 1.380 NA NA ¢
2-Methvinaphthaiene ppo 911 1.0 591 0.40 15.5357 0.20 10 330
Dibenz{a.h]anthracene ppb 399 .8 363 0.40 4,334 Q.70 10 16
Acenaphthene ppo 977 3.3 394 0.10 36.338 0.10 30 583
Acunaphthylene ppb 307 2.3 254 0.40 12,915 0.02 100 533
Anthracene ppb 997 <3 521 .20 89.166 0.03 90 476
Benz[ajanthracene ppd 996 1.2 652 0.20 59,298 0.02 130 Jekd
Benzo(u|pyrene ppb 980 0.0 631 0.20 54.362 0.02 170 349
Chrysene pab 997 5.3 683 0.20 60331 “0.10 130 309
Fluocanthene ppb 1,000 12 753 0.30 108B.236 0.20 1 145
Fluorene ppb 95 32 330 0.10 54,209 Q.19 20 113
Naphthalene ppb 900 0.9 . 156 0.70 17,413 0.0 70 EXRS
Phenanifirene ppd 1.054 il 779 0.0 194,343 0.40 90 275
Pyrens ppb 1.029 3.1 819 040 143,832 0.10 120 210
Total LMW PAHSs ppb 956 3.0 954 0.2 552,12+ NA NA 1}
Towal HMW PaHs ppe 915 8.2 925 2 46,675 NA NA ¢
Total PAHs ppa 1.003 11 1.003 0.2 1.013.799 - NA NA Q
p.p’-DDE ppb 789 12.0 741 0.004 2,900 0.03 0.3 48
p.p’-DDD ppo 742 Mo ERM 666 0.004 784 0.1 1 76
p.p -DOT ppo 656 No ERM 543 0.004 35T 0.02 i 1L3
Total DDTs ppo 813 13.2 313 0.01 4,631 NA NA 0
Totai PCBs ppb 830 234 830 0.1 16675 NA NA ]
Dteldrin ppb 615 No ERM 190 0.002 1.2 0.03 0.5 12
Lindane pob 533 No ERM 306 0.01 157 0.05 { 227

* LMW = {ow-molecular-weight. PAH = poelynuclear aromatic hvdrocarbon, HMW = high-molecular-weight. DDE = dichlorodiphenyldichlo-
roethylene. DOT = dichlorodiphenylirichloroethane. PCB = polychlorinated bipheayi.

" Percent of samples with detactable concentraiions.
* NA = not applicable for summed concentrations.

results occurred in amphipod tests in 40 to §5% of the samples.
The percentages of samples that were highly toxic in smphipod
tests ranged from 40% for the ERM value for toral PCB to
100% for the cadmium and chromium ERMs, The targer per-

cent of false positives (=25% not toxic) was observed for 13
of the ERMs. The ERMs for six substances correctly classified
=75% of samples as highly toxic in amphipod tests. Margin-
ally toxic samples contributed rejatively linle (0-20%) to over-

Table 3. Freguency distribution of toxicity responses (expressed as percent of the total number of samples asted within categories of toxicologic
responses). incidence of toxicity, and minimum significant differences {MSDs) for each et

% Conrrol response .-~

%%
20— 40- Samples MSD

Test medivm/specivs® Endpeint Duration n <20% 39.99% 59.99% 60-30% >80% toxic® value
Solid phase

Ampelisca ubdita—NOAA Survival 10d 289 6.6 4.3 4.3 11.3 72.3 36.3 80

A, dbditu—EMAP Survival 10d 611 4 1.0 2.3 12.1 331 38.3 80

Rhepoxvnius abronius Survival 10 d 166 6.0 84 6.0 18.7 60.8 31.8 80
Solvent extract

Photobacrerium phosphoreum _Bioluminescence 15 min 224 174 2.1 9.3 129 473 44.6 80
Elutriate

Mulinea lateralis Survival 48 h 100 1.0 8.0 12.0 11.0 68.0 29.0 g0

M. laceralls Normal development 48 k 100 7.0 30 0.0 1.0 9.0 15.0 30
Porewater .

Arbacia puncudarg Fartilization I'h 168 244 59 34 54 . 589 56.0 87

Strongylocenrrocus purpuratus Naormal development 1h 52 86.3 .0 38 1.9 7.7 904 83

Haliotis rufescens Normal development 48 h 45 1Lt 44 +d 6.7 3.3 91.1 83

“NOAA = Mational Oceanic and Aunospheric Administration, EMAP = Environmental Monitering and Assesément Program,
* Marginally + highlv toxic (p < 0.05. 1 tese)
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Table 4. Incidence of roxicity in ¢ither amphipod tests alone or any of the two o four tests performed among sampies in which individual
effects renge—median (ERM) values were exceeded

Amphipod tests {n = ].068)

Any test performed” (1 = 337)

% Not % Marginaily % Highly % Total % Not % Marginally % Highly % Totai
Chemical Neo. toxic toxic loxie toxic No. toxic toxie toxic toxic
Metals
Cadmium 2 0 0 100 100 0 NA NA NA NA
Chromium 3 0 0 100 100 2 0 0 100 190
Copper 5 43 0 52 32 n (3 0 82 82
Lead 35 17 6 77 83 20 5 V] 95 95
Mercury 126 34 12 54 66 81 1 6 34 90
Nicket 21 24 €3 62 76 5 [} 0 100 100
Silver 38 I 13 &7 65 2 0 A 36 100
Zine 56 3a 5 61 66 n 13 0 bt 28
PAHs
2-Methylnaphthalene [} 0 17 83 160 4 0 0 100 100
Dibenz(d.Alamhracene 43 - 28 2 10 72 kE 19 0 8l 81
Acenaphthene 13 23 15 62 17 7 Q 0 100 100
Acenaphthylene 7 0 14 86 100 6 0 0 100 100
Anthracene s 24 20 - 56 76 19 il Q 39 39
Benz({a]anthracene <7 23 13 & 77 30 0 Q 90 90
Benzo(alpyrene 63 kg g 56 64 46 17 0 33 83
Chrysene i3 32 13 55 68 26 8 0 92 92
Fluoranthens 32 28 13 59 72 Il 3 0 95 95
Fluorene 17 29 12 59 T1 10 10 0 90 90
Naphthalene 4 5 Q 75 75 + Q 5 75 100
Phenanthrene 40 25 15 60 - 75 25 4 0 96 96
Pvrene 66 33 9 58 67 46 I 0 89 3%
Sum LMW PAHs 43 2t i3 67 30 31 3 6 90 96
Sum HMW PAHs 76 39 9 st 60 36 16 0 34 84
Sum total PAHs 1 9 18 73 9 & Q Q 100 100
Chiarinated hydrocarbons ’
o.p-DDE %9 45 7 43 55 70 9 6 36 92
Total DDTs 107 38 it 30 61 82 3 9 37 96
Total PCBs 194 49 It <0 St 162 17 6 78 g4

1PAH = poiynuclear aromatic hydrocarpon, LMW = low-molecular weight. HMW = high-molecular-weight, DDE = dichlorodiphenvidichio-
roethylene. DDT = dichloradiphenyitrichloroethane. PCB = polychiorinaced biphenyl.
b Excludes Environmental Monitoring and Assessment Program and Newark Bay samples: NA = aot applicable.

all predicrive ability. However. based upon sums of the mar-
ginally toxic and highly taxic responses, the number of ERMs
that correctly predicted toxicity in =75% of samples increased
from 6 w0 13.

Relative 10 results of the amphipod tests. predictive ability
increased considerably when the results were considered for
all of the tests performed: =75% for all substances that ex-
ceeded the ERM concentrations (Table 4). The target percent
of false positives (=25%) was observed for all ERMs and was
=10% for 18 substatices. As with the amphiped data, the mar-
ginally toxic results in all tests performed contributed rela-
tively little to overall predictive ability; that is, the samples
often were either nontoxic or highly toxic.

Predictive ability observed with the individual PELs was
slightly lower than that of equivalent ERMs (Table 5). The
‘percentages of samples exceeding PELs that were highly toxic
in amphiped tests ranged from 15% (lindane) to 73% (dield-
rin). For 25 of the 31 PELs, highly toxic conditions in am-
phipod tests accurred in 40 to 65% of the samples. Predictive
abilicy of =75% was observed for none of the PELs with only
highly toxic responses and with three PELs (cadmium, acen-
aphthylene, and dieldrin) with marginally plus highly toxic
responses combined. The targer percent of false positives
(=25%) was observed for the same three PELs, When the
results of any of the tests performed were considered, the
percent of false positives for the PELs was =25% for all except
one substance (p.p’-dichlorediphenyldichloroethylene [p,p’-

DDE]) and was =10.0% for 15 PELs, For most substances.
marginally toxic results contributed 5 to 10% to overall pre-
dictive ability in both the amphipod tests alone and in ail tests
considered. Predictive ability of 275% (with highly toxic re-
sponses) was observed in any of the tests performed for all
PELs except that for p,p’-DDE.

Concenrrations above and below all ERL or TEL con-
cencrations. Among the 329 samples in which none of the
chemical concentrations exceeded any ERL vaiues, 68% were
not toxic, 21% were marginally toxic, and 11% were highly
toxic in the amphipod tests (Table 6): Among samples in which
multiple bicassays were performed. 46% were not toxic in all
tests and 41% were highly toxic in at least one test when ali
chemical concentrations were less than the ERLs.

Of the samples tested with amphipods, 443 were found in
which one or more of the 24 concenrrations were greater than
or equal to the ERL, but none of the concentrations were
greater than or equal t the ERM values; 63% were nontoxic,
20% were marginally toxic. and 18% were highly toxic. A
total of 64% of 173 samples was highly toxic in any test
performed when one or more ERLs was excesded and no
ERMs were exceeded. The percent of false positives for one
or more ERLs exceeded was 3% for amphipod tests alone
and 20% for all tests performed.

Generally, the incidence of toxicity increased with the num-
ber of chemicals greater than or equal to the ERL concentra-
tions; however, this pattern was variable and inconsistent (Ta-
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Table 5. [ncidence of toxicity in either amphipod tests alone or any of the iwo 1o four tests performed among sampies in which individual
probable affects levels (PELs) were exceeded

Amphipad tests (2 = 1,068}

Any test performed® (a1 = $37)

%o Mot % Marginally % Highly % Toul % Not % Marginally % Highly % Total
Chemical No, toxic toxic toxic toxic No, toxic toxic toxic toxic
Metals
Cadmium 21 19 10 71 31 ) g 0 100 100
Chromium 41 34 7 59 66 4 8 0 92 92
Copper 179 41 13 48 59 146 t3 & 81 87
Lead 122 37 I1 52 63 85 8 6 36 92
Mercury 127 35 12 54 66 82 it 6 83 89
Nickel 74 34 12 54 66 7 5 5 -89 94
Silver 109 41 [41] 49 59 82 12 Il 77 83
Zing 125 38 10 52 62 87 14 2 34 36
PAHs
2-Methyinaphthaiens 47 28 13 60 73 22 5 9 36 95
Dibenz{u./t]anthracens 80 36 3 6l 64 65 15 2 33 83
Acenaphthene 84 38 8 54 62 56 3 7 33 95
Acenapithylene 47 23 9 48 77 10 3 ) S0 93
Anthracene 131 4 7 29 56 100 1 5 84 89
Benz{u|anthracene Ié 39 9 52 61 93 12 + g4 83
Benzolalpyrens 6 - &1 9 30 59 100 12 “3 85 g3
Chrysene 116 43 9 47 36 93 12 4 84 388
Fluoranthane 103 42 10 49 39 80 I3 3 83 88
Fluorene T4 30 12 38 70 3l 53 6 38 94
Naphthalene 38 26 It 63 74 23 0 13 37 [Q0
Phenanthrene 106 40 11 49 60 77 3 3 87 92
Pyrene 117 40 9 31 60 94 1 4 85 89
Sum LMW PaHs 7 36 9 33 &4 79 3 5 87 92
Sum HMW PAHs [+ 42 7 31 38 o0 12 3 34 87
Sum oral PAHs 56 32 1 37 68 38 1 a0 39 39
Chlorinated hydrocarbons '
o.p -DDE 3 87 B 33 33 3 33 0 67 67
p.p'-DCD [44 a3 I 34 63 L5 3 7 85 a2
p.p-DDT a7 33 It 36 67 68 [+] 7 87 94
Total DDTs 101 36 2 52 64 73 5 9 86 95
Total PCBs 198 50 10 39 49 159 17 & 77 g3
Dieldrin “l 20 7 73 30 25 4 0 96 96
Lindane 54 a1 4 15 19 50 -+ Q 36 36

*PAH = polynuciear aromatic hydrocarbon, LMW = low-molecular-weight, HMW = high-molecular-weight. DDE = dichlorodiphenvidichlo-
roethylene. DDD = dichlorodiphenyldichlorogthane. DDT = dichloradiphenyltrichloroethane, PCB = polychiorinated biphenyl.
» Excludes Environmental Monitoring and Assessment Program and Newark Bay sampies.

ble 8). Because of the relatively small numbers of samples in
which many ERLs were exceeded, the incidence of toxicity
also was calculated for several combined ERL categories. In
the amphipod tests (n = 777), the incidence of highly toxic
responses was 9% with only 1 ERL exceeded, 13% with | 1o
4 ERLs exceeded, 22% with 5 to 9 ERLs exceeded. and peaked
at 67% with 15 o 19 ERLs exceeded.

The proportion of sampies that was highly toxic in any test
performed was 67% when only one ERL was exceeded (Table
6). The incidence of highly toxic samples increased quickly
with the number of ERLs that were exceeded. reaching =89%
when 10 to 14 concentrations were greater than or equal to
the ERLs. With several exceptions (notably one sample in
which 22 ERLs were exceeded), generally the proportions of
sampies that were marginally toxic descreased with increases
in the number of concentrations greater than or equal to the
ERLs.

Among the 233 samples in which all concentrations were
less than the TELs; 63% were not toxic, 26% were marginally

toxic, and 9% were highly toxic in amphipod tests (Table 7). |

A total of 62% of samples (n = 26) were not toxic in all tests
performed when all concentrations were less than the TELs,
The incidence of toxicity did not increase consistently in cither
amphipod tests alone or in any tests with increases in the

number of TELs exceeded. Sample sizes in which multiple
bioassays were performed were relatively small and, partly as
a consequence, resuils were highly variable.

Concenrrations above and below all ERM and PEL con-
cenrrations, Among the 1,068 samples included in this anal-
ysis, 777 and 683 had chemical concentrations less than all
ERMs and less than ail PELs, respectively (Tables 8 and 9).
In amphipod tests, 15 and 13%, respectively, of these samples
were highly toxic (false npegatives). The incidence of highly
toxic responses when one or more concentrations was greater
than or equal to the ERM or greater than or equaj to the PEL
was 39 and 35%, respectively, in amphipod tests and 78 and
77%, respectively, in any test performed, With both the mar-
ginaily and highly toxic responses combined, the incidence of
toxicity in samples with concentrations greater than or equal
to ane or more ERMs or PELs increased slighely to 52 and
43%, respectively, in the amphipod tests and 86.2 and 36.1%,
respectively, in any test,

In both the amphipod tests and any tests performed, the
incidence of highly toxic responses generaily increased and
the incidence of marginally toxic responses markedly de-
creased with increases in the numbers of ERMs or PELs that
were exceeded (Tables § and 9). The incidence of highly toxic
responses in amphipod tests increased from 23% with only !

8619


http:low-molecular-wet.hr

8620



720 Environ. Toxicol, Chem. 17, 1998

E.R. Long et al.

Table 6. Incidence of toxicity in either afnphipod tests zione or in ahy test performed among samples with concentrations of 0 to 24 substances
greater than or equal to the effects mnge—low (ERL) values, but alf kess than the sffacts range-—median {ERM) values

Amphiped survival anly (r = 777)

Any test performed? (n = 212)

No. ERL values % Not % Marginally % Highly % Nat % Wviarginaily % Highiy
exceeded No. sampies toxic toxic toxic No. sampies toxic toxic toxic
0 329 68 2t 11 39 46 13 41
1 143 68 13 9 t5 i3 20 67
2 66 T 15 td 13 46 8 46
3 37 62 2 16 12 42 17 42
4 43 63 16 21 21 33 14 52
5 30 40 17 23 I3 a8 8 Sd
6 i3 &4 12 24 24 2l 13 67
7 20 55 35 10 ) 27 20 53
8 15 53 27 20 12 8 33 33
9 3 50 13 38 6 0 33 67

10 9 19 ] It 6 0 0 100
it 12 42 25 33 7 0 ) 36
12 9 78 [ (B 3 0 13 83
13 2 0 0 100 2 a 0 100
i 4 25 50 25 3 0 k] 67
= 2 50 50 ] 2 ] 50 50
17 | 0 0 100 I 0 * ) 100
18 2 0 0 100 2 0 0 100
{9 | 0 0 100 | Q 0 100
20 4 30 0 50 3 0 [ 160
21 4 25 25 50 <+ 0 0 100
22 I 0 100 0 | 0 100 Q
23 | ; G 10Q | o ] 100
24 1 0 g 100 [ 0 0] 100

| or mare . 143 62,7 19.6 17.6 173 0.2 15.6 64.2

lw4 239 67.1 0.1 12.8 6l 323 14.8 525
S5w9 106 58.5 19.3 217 70 21.4 - 18.6 60.0
10w 14 36 58.3 [6.7 15.0 25 0.0 [1.5 38.5
15t |9 6 16.7 16,7 66.7 5 0.0 16.7 71.8
20 o 24 1 273 18.2 54.5 10 0.0 10.0 90.0

* Excludes Environmental Monttoring and Assessment Program and Newark Bay gdata.

ERM exceeded to 32% with 1 to 5 ERMs exceeded. 10 52%
with 6 o [0 ERMs exceeded. and peaked at 85% with =11
ERMs exceeded (Table 8). The lowest percent false positives
(10%) occurred among sampies with 11 to 20 ERMSs exceeded.
In samples in which mubiple bioassays were performed, in-
cidence of highly toxic responses increased from 70% with
only | ERM exceeded, to §9% with 6 to 10 ERMs exceeded.
and peaked at [00% with 2|1 ERMs exceeded. Results were
variabie among samples with greater than or egual to eight
ERMs sxceaded because of the small sample sizes.

The predictive ability of the PELs was somewhat lower
than that of the ERMSs, but, nevertheless, indicated a similar
pattern of increasing incidence of highly toxic responses with
increasing numbers of PELs exceeded (Table 9). In the am-
phipod tests, the incidence of highly toxic responses was 14%
with | PEL exceeded, 24% with 1 to 3 PELs excezded. 40%
with 6 1o 10 PELs exceeded. 50% with 11 to 20 PELs exceeded,
and 83% with 2] PELs exceeded. The lowest percent false
positives (17%) occurred among samples with =21 PELs ex-
ceeded, The proportion of samples showing highly woxic results
was much higher when ail bioassays were considered, aver-
aging 80% with 6 o 10 PELs exceeded and peaking at 100%
with 221 PELs exceeded. Percent false positives in any of the
tests performed was <\25% when one or more PEL was ex-
ceeded,

COver ranges in mean SQG quotients. In the preceeding
analyses, the methods did not account for the degree to which
the chemical concentrations exceeded the different SQGs. That
is, samples in which chemical concentrations exceeded SOGs

by very different amounts were scored the same. Given similar
sediment characteristics and toxicant bioavailability, the prob-
ability of toxicity could increase with incréasing concentra-
tions. Therefore, to account for both the actual concentrations
of individual substances and the combinations of chemicals
occurring as mixtures, the predictive abilities of the mean SQG
quotients were determined.

The relationships between the incidence of highly toxic
responses in the amphipod tests and mean SQG quotients are
illustrated in Figures 1 and 2. To clarify these relationships,
the chemical concentrations are shown as medians of 39 SQG
quotient intervals, each consisting of at least 25 samples. These
relationships were considerably more variable when margin-
ally toxic responses were inciuded; therefore, the plots are
shown only for highly toxic respenses. The incidence of highiy
toxic responses was most variable and ranged from 0 to 40%
among samples with the lowest mean ERM quotients (0.001-
0.02) and PEL quotients (0.006-0.03). A gradual, albeit vari-
able, pattern of increasing incidence of toxicity beginning at
mean ERM and PEL quotients of 0.04 and 0.07, respectively,
was evident, Among samples with mean ERM or PEL quo-
tieats =1.0 or = 1.6, respectively, 60 1o 830% were highly toxic
in the amphipod tests. Percent false positives decreased to
<25% with mean ERM or PEL quotients >1.2 or >2.3, re-
spectively.

Some of the samples with the lowest mean ERM and PEL
guotients were highly toxic, as indicated in the left tails of the

distributions (Figs. 1 and 2). These samples shared very few
of the same charnctericerine They wavra crartarad armame many
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Table 7. [ncidence of toxicity in either amphipod tests alone or in any test performed among samples with concentrations of 0 to 27 substances
greater than or equal (© the threshoid effects level (TEL) values, but ail less thar the probable effects level (PEL) valyes

Amphipod survival only (n = 683) Any test performed? (n = 142)

No. TEL values % Not % Marginally % Highly % Not % Marginally % Highly
exceaded No. samples ioxic toxic toxic MNo. sampies toxic toxic toxic
0 233 65 6 g 26 62 15 23
i 102 74 15 12 9 22 It &7
il 87 67 24 9 5 40 20 40
3 62 69 21 o 10 40 30 30
+ 46 85 Il 24 5 0 0 100
5 23 6i 15 14 7 29 14 57
& 15 33 33 13 4 50 0 30
7 1o 70 20 10 5 20 20 &0
3 I5 73 7 20 6 17 0 83
9 5 60 20 20 3 0 0 t0G
4] 12 &7 8 25 ) 33 17 50

11 il 7 27 45 L) 17 t7 av
12 15 67 g 23 il 27 0 73
13 10 90 0 10 5 40 0 60
) 7 71 29 0 4 50 15 15
{5 3 33 33 33 2 50 8 50 ' 0
15 4 73 25 0 1 0 ) 100 0
17 2 50 50 0 | 0 o 100
13 4 75 ] | 2 0 50 30
19 3 63 25 t3 3 13 ] 67
20 5 40 20 k! 4 0 25 75
2 4 0 73 25 4 0 25 T
n 3 33 33 33 3 33 33 33
23 9 kX a 2 7 ] 43 57
24 | 0 Q9 100 1 0 0 10Q
25 I 0 ] 100 1 ] 0 100
27 1 Q 100 0 [ 0 100 0
| or more 450 85.1 19.1 15.8 16 23.3 17.2 59.3
lws 305 68.9 18.4 12.8 36 27.3 6.7 - 35.6
609 45 &d.4 20.0 [5.6 18 22.2 5.6 72.2
10w 14 55 63.6 10.9 5.5 32 313 9.4 59.4
15 o 19 21 §1.9 23.3 14.3 9 22.2 33.3 444
2010 27 24 25.0 41.7 33.3 2] 4.3 33.3 §1.9

* Excludes Edvironmental Monitoring and Assessment Program and Newark Bay data.

Table 8. Incidence of toxicity in either amphipod tests alone or in any of two to four rescs performed among sampies with concentrations of 0
to 20 substances greater than or equal to the effects range-—median (ERM) concentrations

Amphipod survival only (n = [,068) Any test performed® (n = 437)
No. ERM values % Naot . % Marginally % Highly % Not % Marginally % Highly
exceeded No. samples toxic taxic toxic No. samples toxic toxie toxic
o 777 65 20 15 212 25 -15 60
t 95 39 18 23 69 17 13 70
2 é6 52 12 36 62 -1 L 77
3 34 56 2t 24 30 17 "7 77
4 9 12 5 63 o 20 0 30
3 Lt 43 0 55 9 ' 11 0 a9
6 l 55 9 36 19 20 0 80
7 {0 40 0 60 g 13 0 88
8 4 25 25 50 4 0 0 100
¢ i1 9 9 32 7 ] v 100
10 10 50 20 30 & 17 0 83
i1 4 ] 25 73 1 0 0 100
12 6 33 0 67 3 0 0 Qo
13 4 Q 0 100 3 0 0 100
14 3 0 0 100 [ 0 0 100
15 1 0 o 100 1 0 0 100
17 l 0 ] 100 0 0 0 0
20 1 ] 0 100 1 0 0 100
I or more 291 47.8 [3.4 38.8 225 13.8 8.0 78.2
lwi - 135 53.3 14.7 20 180 15.0 10.0 75.0
6w l0 46 37.0 10.9 52.2 35 I1.4 0.0 88.6
11 10 20 20 10.0 5.0 35.0 10 Q.0 0.0 10G.0
i Bwnliidan ™o
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Table 9. Incidence of toxicity in cither amphipod tests alone or in any of

E.R. Lang et al.

twa to four tests performed among samples with concentrations of O

to 20 substances greacer than or equal to the probable effects level (PEL) concentracions

Amphipad survival only (a = 1,148)

Aay test perfarmed? (7 = 7).

No. PEL values % Nat % Marginally % Highly % Not % Marginally % Highly
exceeded Ne. samples toxic toxic toxic No. samples toxic toxic toxic

0 683 65 22 13 142 30 17 53

! 106 73 13 14 79 15 10 75

2 49 45 18 37 42 9 14 &7

3 36 53 14 33 23 i2 16 72

4 17 47 29 pL) ] 18 Jé 45

5 16 56 13 31 13 15 0 835

6 10 30 20 30 7 ] 0 100

7 4 5 35 50 3 ¥ 33 67

8 13 56 8 9 16 31 0 69

9 1t 55 0 45 7 0 0 100
10 9 a7 It 22 7 29 g . A
11 19 53 16 32 17 12 0 83
12 8 18 i3 50 7 14 ] 86
L3 13 54 § E}] {1 18 0 32
14 g K} 13 50 3 0 13 88
(] It 36 9 55 10 20 0 30
16 8 25 13 83 7 ] L 36
17 7 43 Q 51 3 ¢ Q 109
18 10 40 0 60 H] 0 13 88
19 5 0 20 30 2 0 0 100
i) 3 Q 13 67 3 0 0 100
24 2 0 0 100 I 0 ) 100
22 3 0 0 iQ0 i a aQ 160
23 5 20 0 30 t 0 0 100
24 4 25 ) 75 3 ] 0 100
2 1 0 0 100 i ] a 100

[ or more 383 517 13.0 353 295 13.9 8.8 77.3

litas 224 60.3 15.6 24.1 170 5.9 12.9 712

610 10 52 50.0 2.6 404 40 17.5 2.5 80.0
[fto20 92 39.1 10.9 50.0 78 9.0 3.3 87.2
2l o 26 17 1.8 0.0 88.2 7 0.0 0.0 100.0

* Excludes Environmental Monitoring and Asssssment Program and Newark Bay dara,

of the different NOAA and EMAP study areas, These samples
often, but not always, had relatively low organic carbon con-
tent (<1.0%) and percent fine-grained materiais (<50%) and
detectable concentratjions of butyl tins, chlorinated pesticides,
alkyl-substituted PAHs, ammonia, or other substances not ac-
counted for with the $SQGs.

90

DISCUSSION AND CONCLUSIONS

Sediment quality guidelines [1.2] were based upon empir-
ical analyses of data compiled from many different studies.
The SQGs were intended to provide informal (nonreguiatory),
effects-based benchmarks 0 zid in the interpretation of sed-

a0 & | 4 % highly toxie, exeiuging marginally toxic

70
50 4
50 4
&0 +

0+

Percent highly toxic

0T

10 4

Q
0.001

a.

1 1Q

Mean ERM Quotient

Fig. 1. The relacionship between the incidence of toxicity in amphipod survivai tests and mean effects range—median (ERM) quotients (piotted

as the medians of 39 quotient intervals. ¢ach consisting of 25 samples).
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Fig. 2. The relationship between the incidence of toxicity in amphipod survival tests and mean probable effects level {PEL) quotients (plottad

as the medians of 39 quotient intervals, each consisting of 25 samptes).

iment chemistry data. The ERL and TEL values were intended
ta represent chemical concentrations below which the proba-
bility of toxicity and other effects was minimal. In contrast,
the ERM and PEL values ware intended to represent mid-range
concentrations above which adverse effects were more likely,
although not always expected. Intermediate frequencies of ef-
fects were expected at chemical concentrations between the
ERLs and ERMs and berween the TELs and PELs. In this
analysis of independent data sets, we atiempted o determine
if the incidence of toxicity in selected, acute [aboratory bio-
assays would follow the same pattern as observed with mul-
tiple measures of effects in the databases used 1o derive the
guidelines.

The majority of the data compiled to develop the guidelines
was generated in fleld studies in which different chemical
mixtures were encountered, In these field studies causality
could noc be determined, The intent of this siudy was to also
use data from surveys of numerous saltwater areas (o determine
the frequency with which the guidelines correctly predicted
nontoxic and toxic conditions.

Unlike SQGs based upon the apparent effects threshold
approach [26], the ERL/ERMs and TEL/PEL;s were not in-
iended to represent concentrations above which adverse effects
were zlways observed. Because the ERLs and TELs were in-
tended to represent conservative concentrations below which
toxicity was not frequently expected, we estimated the fre-
quency of false negatives as the incidence of toxicity among
samples in which all concentrations were lower than these
values. Earlier [1,2], as a measure of reliability, we reported
that the frequency of false negatives among the data sets used
to derive the guidelines was =23% for most chemicals and
=10% for many chemicals. Specificaily, at concentrations be-
low the individual ERL and TEL values for nine trace metals,
the incidence of effects ranged from 1.9 to 9.4% and from 2.7
to 9.0%, respectively. For organic compounds, the incidence
of effects was more variable, ranging from 5.0 to 27.3% for
19 ERLs and from 0.0 to 47.6% for 25 TELs when concen-
trations were below these levels.

The same criterion (=25% false positives) previously used
for estimates of reliability was used as the target for estimates
of predictive ability in this analysis. Based upon the highly
toxic responses, the ERLs and TELs indicated 11 and 9% faise

negatives (toxicity observed when not expected), respectively,
in the tests of amphipod survival. thus bettering the target of
=25%. The incidence of false negarives aiso was relatively
low (41 and 23% for the ERLs and TELs, respectively) in any
one of the two 10 four tests performed. Based again upon the
highly toxic responses, the incidencas of faise negatives in
amphipod tests were, as expected. slightly higher (15 and 13%,
respectively) for the ERMs and PELs than for the ERLs and
TELs. Therefore, the probabilities of highly toxic responses
in amphipod survival tests are relatively low (16%) among
samples in which ail chemical concentrations are lower than
both sets of SQGs. However. the incidences of false negatives
among any of the tests performed were 60 and 53% (highly
toxic responses) for the ERMs and PELs, respectively. These
data suggest that there remains a moderate probability of tox-
icity among samples with all chemical concentrations less than
the ERMs or less than the PELs if a battery of relatively
sensitive, sublethal bioassays is considered.

In the amphipod tests, the incidences of highly oxic re-
sponses and tatal toxic responses were 18 to 20% and 16 to
19%, respectively, when one or more chemicals exceeded the
ERLs and/or TELs. These results agreed well with the original
intent of the ERLs and TELSs as indicators of the lower end
of the possible effects range. These results also agreed very
well with the sstimates of reliability (calculated with the da-
tabase used to derive the SQGs) for most ERLs and TELs (30—
50% effects) [1,2]. However, when ‘predictive ability was es-
timated with dara from more sensitive sublethal tests, toxicity
was observed much more frequently than in the amphipod tests
ajone,

The ERMs and PELs were derived as mid-range points
within the distributions of effects data for each chemical. The
ERMs were calculated as the medians (50th percentiles) of
chemical concentrations associated with measures of adverse
effects. The derivation of the PELs incorporated both the no-
effects data along with effects dara into the calculations of
mid-range concentrations. Neither set of guidelines was in-
tended as a toxicity threshold above which effects were always
expected. The incidence of highly significant toxicity in the
amphipod survival tests among samples that exceeded indi-
vidual ERMs and PELs generally agreed with the intent of
these vaiues (i.e.. as mid-range values). That is. 4C to 63% of
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Fig, 3. Summary of the prediciive ability of threshold effects lavel/probable effects level (TEL/PEL) values and effects range—low/eifects
range—median (ERL/ERM} values in amphipod stirvival iests (as percent highly toxic among the towi numbers of sampies),

the samples were highly taxic in amphipod tests at concen-
trations above mast of these individuai values, Alsa. the in-
cidence of total toxicity (marginally + highly toxic) was 32
and 48% when the concentrations of one or more chemicals
exceeded ERMs and PELs, respectively. When resuits from
any one of a battery of bicassays were considered. the per-
centages of samples that were highly toxic increased remark-
ably to 235% for 19 of the ERMs and for 19 of the PELs and
to 77 to 78% when one or more ERMs and/or PELs were
exceeded,

In all analyses performed on the predictive ability of the
SQGs, the percentages of samples demonstrating toxicity were
lowest when either no chemicals or the least number of chem-
icals exceseded the lower range guidelines and increased with
increases in the numbers of mid-range guidelines that were
exceeded (Fig. 3). Results were varigble at intermediate con-
centrations, but, nevertheless, the data indicated an overajl
pattern of increasing incidence of toxicity with increasing
numbers of ERMs and PELs excesded. Percent false positives
in amphipod tests (no toxicity observed when toxicity was
expected) dropped to <25% among samples in which 11 10
20 ERMs (n = 20) and 21 to 26 PELs (7 = 17) were exceeded.

Because the two sets of SQGs were derived with slighty
different procsdures, one objective of this evaluation was to
compare their predictive ability. The results indicated that the
two sets of SQGs were very similar in predicting toxicity (Fig.
3). The percentages of false negatives for the ERLs and TELs
were 11 and 9%. respectivelv, in the amphiood tests. The

incidences of highly toxic responses in amphipod tests were .
slightly higher for the PELs than for the ERMs among samples
in which two or three chemicals exceeded the guideline <on-
centrations. Otherwise. the incidencs of toxicity often was
higher when chemical concentrations exceeded the ERMs as
compared (@ when the concentrations exceeded the PELs.
Based upon these data. users of the SQGs can identify the
probability that their samples would be toxic by comparing
the chemical concentrations in their samples to the appropriate
SQGs and then to the incidence of toxicity shown in this paper.
For example. highly toxic responses would be expected in
amphipod survival tests in only approximately 9 to il% of
the sampies when all chemical concentrations are below the

- TELs or ERLs (Fig. 3). Among samples in which only one

ERL or TEL value is exceeded and no other chemicals ex-
ceeded any other ERL/ERMs or TEL/PELs, toxicity in am-
phipod tests would be expected in only 9 and 12% of the
samples, respectively.

The probability of toxicity in amphipod survival tests is
not very high (23 and 14%. respectively) among samples in
which only one ERM or only one PEL value is excesded (Fig.
3). However, the probabilities of toxicity increase with the
number of ERMs and PELs exceeded. Based upon the results
of this evaluation (# = 1,068), users can expecst toxicity in a
large majority of samples, that is, in >85% of the samples in
amphipod tests (n = 20, n = 17) and in 100% of samples in
any one of a battery of sensitive bioassays (n = 9 or 6) when
11 or more ERMs or 2! or more PELs are sxceaded. Therefore.
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Table 10. Incidence of toxicity in amphiped tests only within three
ranges in mean sediment quality quideline quotients

No. % Not % Marginally % Highly
szmples toxic toxic toxic
Mean effects range—median quotients
<0.1 653 7.3, 205 1.6
D.llwld 364 546 16.5 .
>1.0 St 23.5 5.9 7.6
ivlean probable effects level quatients
<0.l 481 67.6 22.0 10.4
Oltwld 474 58.6 17.1 4.3
>0 113 354 3.3 533

the probabiiity of incorrectly classifving samples as toxic
would be 15 and 0%, respectively, in these highly contami-
nated samples.

The data from the analyses of the mean SQG quotients
suggest that the probability of observing toxicity was a func-
tion of not only the number of guidelines exceeded but the
degree to which they were exceeded. Therefore, the proba-
bilities of highly toxic responses would be relatively low
(<12% in amphipod tesis) among samples with mean SQG
quotients <0Q.1 (Table 10). The probabilities of toxicity in-
crease to 32 and 24%, respectively, with mean ERM and PEL
quotients of 0.11 to 1.0 and increase again to 7! and 56%,
respectively, with quotients > 1.0,

Despite the selection of high-qualicty data sets from NS&TP

and EMAP—=Zstuaries studies, the analyses of predictive abil-
ity had a number of limitations or potential sources of error.
Different results may have besn obtained if other data had
been used in this evaiuation of predictive ability,

The core bicassay upon which these analyses focused was
the amphipod survival test. This bieassay has become the most
widely applied sediment toxicity test in North America and
provides important information for many research, monitoring,
and management programs. Amphipod survival tesis have
been used in both the derivation and field validation of various
guidelines [22,26]. However, because different taxa have dif-
ferent sensitivities to toxicants, the use of a battery of toxicity
tests is widely accepted and highly recommended in sediment
quality assessments [27]. Furthermore, the use of multiple tests
increases the number of surrogates of sediment-dweiling taxa.
Considerable gains in predictive ability were attained by the
addition of data from other tests to those from the amphipod
tests. Because only one, two, or three (not, say, [0) tests ac-
companied the amphipod bioassays, we attribute the gains in

predictive ability not 10 the aumber of tests performed. but. -

rather, to the greater sensitivity of the tests to the chemicals
in the sedimens.

Tests of invertebrate gametes and embryos exposed to pore
waters and bioluminescent bacteria exposad 0 solvent extracts
have been used widely in U.3. estuaries (24] and generally are
more sensitive than are test with amphipods to the same sam-
ples. The large differences in sensitivity between the amphipod
survival tests and the other tests performed is reflected in the
data that were analyzed. The probabilities of chserving toxicity
in the more sensitive sublethal tests would be much higher
than in the amphipod tests. Users are advised to consider the
daa from both categories of bicassays when using the guide-
lines, especiaily because highly sensitive tests such as those
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teria [28] have shown strong associations with chemical con-
centrations.

Sediment quality guidelines were not availabie for many
substances that were measured in the samples, Some sub-
stances may have occurred at concentrations above toxicologic
thresholds. Other substances that were not measured probably
occurred in many ar all samples. Also, some sampies may
have had high concantrations of ammonia and hydrogen sulfide
that covaried with anthropogenic substances and contributed
to toxicity. Together, the effects of these substances may have
contributed to the f{alse negatives observed. However. our na-
tonwide experience indicates that 1oxicants often covary with
each other to a large degree [7.25] and the quantified sub-
stances for which SQGs were available should have served as
reasonable surrogates for the covariates, Furthermore, our ex-
perience in assessments of surficial sediments suggests that
ammonia and suifides occur in either pore water or overlying
water in st chambers at toxicologically significant concen-
trations in <10% of the samples. Meventheless, the contribu-
tion of all potentially toxic substances in the samples could
not be accounted for.

Although siandardized and widely accepted methods and
protocols were used. some interlaboratory and interstudy dif-
ferences in methods may have occurred. Some variability in
results may have been attributable to merging daca from dif-
ferent studies and geographic areas. For example, data were
compiled from tests performed with two species of amphipods
to increase the sample size and to include darta from all three
coastlines, Differences in sensitivity between these two am-

‘phiped species may have contributed to variability in the re-

suits. Also. variability may have been increased by merging
data from different species of urchins and molluscs afong with
data from the Microtox tests into one catagory,

Most of the samples were not collected within hazardous
wasle sites and most were not highly contaminated (zero to
five SQGs exceeded). The relatively smatl numbers of highly
contaminated samples appeared to contribute to variability in
resuits. Additional data from highly contaminated sites would
be useful in further clarification of predictive ability.

Despite these potential limitations of this study, the pre-
dictive ability estimated with these data often matched their
previously reported reliability, Also, the resuits of this analysis
agreed relatively well with the the estimartes of reliability re-
ported [5] for freshwater sediment effects cone=ntrations. The
results of this analysis [5] determined type I (false positive}
and type II {false negative) errors for freshwater ERL/ERM
and TEL/PEL values based upon data from individual samples
from numerous studies. For most substances, the errors ranged
from 5 10 30%. The paired sets of values, however. differed
somewhat in absolute concentrations and error rates.

The toxicity/chemistry relationships observed in this study
may not apply in all situations, especially in sediments in
which contaminants are found in forms such as copper siag
29] or coal pitch in organically enriched mud [30]. The guide-
lines are most useful when applied o fine-grained, sedimentary
deposits such as those sampled during the NOAA and
EMAP—Estuaries studies.

In c¢onclusion, the results of these analyses indicate the
following: the probabilities of highly toxic responses occurring
in amphipod survival tests among samples in which ail chem-
ical concentrations are less than ERLs andfor TELs are 9 to
11%: the prabahilifics nf highly favis rechancars Acanm—inae in
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quotients are <0,1 are 10 to 12%: the probabilities of highly
loxic responses accurring when one or more ERLs or TELs
are exceeded and no ERMs or PELs are exceeded are 16 to
18% in amphipod tests alone and 60 to 64% in any ane of a
battery of sensitive tests performed: the probabilities of either
marginally or highly toxic responses occurring are 43 to 52%
in amphipod tests and 86% in any one of a battery of sensitive
tests performed when concentrations excesd one or more
ERMs or PELs: consistent with their original intent. the ERMs
and PELs are considerably better at predicring texicity than
are the ERLs and TELs. Furthermore, the probabilities of tox-
icity occurring generally increase with increasing numbers of
chemicals that exceed the ERM and PEL concantrations: the
probabilities of toxicity occurring generally increase with in-
creasing mean SQG quotients: and the incidence of faise neg-
atives is slightly lower for the TELs than for the ERLs, but
the incidence of false positives is generally higher for the PELs
than for the ERMs; however. there is good overall agresment
in the predictive ability of the TEL/PELs and the ERI/ERMS.

Based upon these analyses of predictive ability and previous -

analyses of reliability, it appears that the SQGs provide rea-
sonably accurate estimates of chemical concentrations that are
either nontoxic or toxic in laboratory bioassays. However, we
urge that all 5QGs should be used with caution, because, as
observed in this analysis. they are not perfect predictors of
toxicity. Especially among samples with intermediate chemical
concentrations, the SQGs are most useful when accompanied
by data from in siwu biological analyses. other toxicologic as-
says, other interpretive tools such as merals : aluminum ratios,
and other guidelines derived sither from empirical approaches
and/or cause—effects studies,
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