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ABSTRACT! Matching biological and chemical data were 
compiled trom numerous modeling, laboratory, and field 

Chemical analyses indicate that coastal sediments 
in some areas o f  Nor th  America are contaniinated 
(Bolton and others 1985, O'Connor 1991, US NOAA 
1991, Wells and Rolston 1991, Goyette and Boyd 
1989). However, data on the mixtures and concentra- 
tions of contaminants i n  sediments, alone, do not pro- 
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studies performed in marine and estuarine sediments. 
Using these data, two guideline values (an effects 
range-low and an effects range-median) were determined 
for nine tral'e metals, total PCBs. two pesticides, 13 
polynuclear aromatic hydrocarbons (PAHs), and three 
classes of PAHs. The two vaiues defined concentration 
ranges that were: (1) rarely. (2) occasionally, or (3) 
frequenliy associated with adverse effects. The values 
generally agreed within a factor of 3 or less with those 
developed with the same methods applied to other data 
and to those developed with other effects-based methods. 
The incidence of adverse effects was quantified within 
each of the three concentration ranges as the number of 
cases in which effects were observed divided by the total 
number of observations. The incidence of elfecrs 
increased markedly with increasing concentrations of all of 
the individual PAHs, the lhree classes of PAHs. and most 
01 lhe trace metals. Relatively poor relationships were 
observed between the incidence of effects and the 
concentrations of mercury, nickel, total PCB, total DDT and 
p.p'-DDE. Based upon this evaluation. the approach 
provtded reliable guidelines lor use in sediment quality 
assessments. This method is being used as a basis for 
developing National sediment quality guidelines lor 
Canada and informal, sediment quality guidelines lor 
Florida. 

vide an effective basis for estimating the potential for 
adverse effects to living resources. Moreover, inter- 
pretive tools are needed to relate ambient sediment 
chemistry data to the potential for adverse biological 
effects. A variety o f  biological measures (including 
toxicity andlor bioaccumulation tests) can be per-
formed to determine the biological significance of 
sediment-associated contaminants (Burton 1992). 
Furthermore, numerical, effects-based, sediment 
quality guidelines can be used as screening tools to 
evaluate sedinient chemistry data and to identify and 
prioritize po~ent ial  problem areas (Di Toro and oth- 
ers 1991, Persaud 1992, MacDonald 1993, Long and 
Morgan 1990, Smith and MacDonald 1992. US EPA 
1989a. 199?a). In this respect, effects-based guide- 
lines can be used to help identify those areas in which 
the potential for biological effects i s  greatest. 
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A variety of biological effects-based approaches to 
the development of sediment quality guidelines have 
been reviewed by many investigators (US EPA 1989a. 
1992a. Adams and others 1992 Chapman 1989, Mac- 

$ Donald and others 1992). These approaches can be 
grouped into three categories: equilibrium-partition- 
ing modeling, laboratory bioassays, and field studies. 
Each approach has particular strengths and weak- 
nesses and each defines guidelines in different ways. 
Thus far, there is no general agreement as to which 
approach will provide the most reliable, flexible, and 
credible guidelines for evaluating sediment quality. 
However, sediment quality guidelines derived from 
the combination of the results of multiple methods 
have been recommended for a broad range of appli- 
cations (Adams and others 1992, US EPA 1989b, 
Lorenzato and others 1991): 

Using data available fronl all the major approaches 
to the developn~ent of effects-based criteria, Long 
and hlorgan (1990) prepared informal guidelines for 
use by the National Oceanic and Atmospheric Admin- 
istration (NOA.4). Subsequently, the data base with 
which these values were prepared was updated and 
expanded and the approach was refined (MacDonald 
1993, Smith and MacDonald 1992). In both the 
NOAA (Long and Morgan 1990) and Florida (Mac- 
Donald 1993) studies, two guideline values were de- 
veloped for each chemical. These values defined 
three ranges in chemical concentrations that were an- 
ticipated to be: ( I )  rarely, (?) occasionally, or  (3) fre- 
quently associated with effects. T h e  identification of 
ranges in chemical concentrations has been recom-
mended in the development of sediment quality crite- 
ria (US EPA l992b). 

The objectives of the present study are: ( I )  to 
present updated guideline values based upon the ex- 
panded data base, (2) to quantify the percent inci- 
dence of adverse biological effects associated with the 
guidelines, and (3) to compare the guidelines with 
those developed with other data or  methods. In this 
paper we determined the percent incidence of effects 
as a measure of the "accuracy" of the guidelines. 

Methods 

The methods used in this study have been de-
scribed in detail (Long and Morgan 1990, \lacDonald 
1993, Smith and MacDonald 1992, Long 1992) and 
will be only summarized here. Sediment chemistry 
and biological effects data from numerous reports 
were assembled LO support the derivation of the 
guidelines. The  data base used by Long and hlorgan 
(1990) was refined by excluding data from freshwater 

studies and including data from additional sites, bio- 
logical test end points, and contaminants (MacDonald 
1993. Smith and htacDonald 1992). Briefly, the ap- 
proach involved three steps: (1) assemble, evaluate. 
and collate all available information in which mea- 
sures of adverse biological effects and chemical con- 
centrations in sediments were reported: (2) identify 
the ranges in chemical concentrations that were 
rarely, occasionally, or  frequently associated with ef- 
fects; and (3) determine the incidence of biological 
effects within each of the ranges in concentrations for 
each chemical as an estimaJe of guideline accuracy. 

Development of a Biological EffectsDatabase for 
Sediments 

A biological effects database for sediments (BEDS) 
was developed to compile and integrate chemical and 
biological data from numerous studies conducted 
throughout North America. Nearly 350 publications 
were revien,ed arid screened for possible inclusion in 
the BEDS. Data from equilibrium-partitioning model- 
ing, laboratory spiked-sediment bioassays, and field 
studies of sediment toxicity and benthic conimunity 
composition were critically evaluated. Only matching. 
synoptically collected biological and che~nical data 
from marine and estuarine studies were included in 
the database. Data were excluded if the methods were 
not clearly described. Data were excluded if sedi- 
ments were frozen before toxicity tests were initiated 
or  if toxicity of controls was higher than commonlv 
acceptable. If there was less than a tenfold difference 
in the concentrations of all contaminants among sam- 
pling stations, all data from that particular field study 
were excluded. The tenfold criterion was selected to 
ensure that data were included in the BEDS only from 
studies in which significant contaminant gradients 
were reported. Furthermore, data were excluded if 
the chemical analytical procedures were inappropri- 
ate for determining total'concentrations in hulk sedi. 
ments; for example, trace metals data were excluded 
if strong acid digestions were not used. The majority 
of the data sets that were excluded were those in 
which either no biological data or  no chemical data 
were reported. h total of 89 reports met all the screen- 
ing criteria aud were included in the BEDS. The 
screening criteria and their use were described previ- 
ously (XlacDonald 1993, Smith and \lacDonald 
1992). The potential limitations of using data "en- 
countered" from many different studies have been 
described (Long 1992). 

T h e  data entered into the BEDS were expressed on 
a dry weight basis. Only a minority of the rcports 
included measures of factors that are thought to influ. 
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ence bioavailability (e.g., grain size, total organic car- 
bon, acid-volatile sulfides). Sediment quality guide- 
lines derived from the equilibrium-partitioning 
approach (US EPA 1988) were converted from units 
of orginic carbon to units of dry weight, assuming a 
total organic carbon (TOC) concentration of 1.0%. 
These conversions were based upon a TOC concen- 
tration of 1.0% since the overall mean TOC concen- 
tration in the BEDS was 1.2%. Data from spiked-sedi- 
ment bioassays were incorporated directly into the 
BEDS. 

Guideline values derhed using the apparent ef- 
fects threshold (AET approach. Barrick and others 
1988) and national screening \eve1 concentration 
(SLC approach, Neff and others 1986) were entered 
into the BEDS as reported. AET and SLC values rep- 
resent large amounts of data compiled from multiple 
surveys. Therefore, extremely high and extremely 
low concentrations in some parts of study areas used 
to produce these values may be ameliorated by highs 
and lows in other regions, resulting in intermediate 
concentrations. Raw data from other individual field 
surveys that passed the initial screening steps were 
evaluated in "co-occurrence analyses" with either of 
two methods (Long 1992). If the statistical signifi- 
cance of the data was reported, then the mean chen~i- 
cal concentrations in the statistical groups (i.e.. toxic 
and nontoxic) *ere compared. If no such statistical 
evaluations were reported, the frequency distribu- 
tions of the biological data were examined; and mean 
concentrations in subjectively determined groups of 
samples were compared (e.g.. most toxic versus least 
toxic). The extreme high and low concentrations re- 
ported in individual studies, generally performed 
over relatively small spatial scales, were not masked by 
merging data from other studies. 

To  maximize the broad applicability of the guide- 
lines, a wide variety of measures of adverse biological 
effects was included in the BEDS. The kinds of ad- 
verse effects included: (1) measures of altered benthic 
communities (depressed species richness or total 
abundance), significantly or relatively elevated sedi- 
ment toxicity, o r  histopathological disorders in dem- 
ersal fish observed in field studies; (2) ECSoor LC5,, 
concentrations determined in laboratory bioassays of 
sediments spiked with single con~pounds or elements; 
and (3) toxicity predicted by equilibrium-partitioning 
models. All of the measures of efFects were treated as 
if equivalent. However, by screening prospective data 
sets and including only those biological data that were 
in concordance with chemical gradients, the preva- 
lence of data from relatively insensitive measures of 
effecls was minimized. 

Each entry was assigned an "effectslno-effects" de- 
scriptor. An entry was assigned an "effects" descriptor 
(identified with an asterisk in the data tables) if: (1) an 
adverse biological effect, such as acute toxicity, was 
reported; and (2)concordance was apparent between 
the observed biological response and the measured 
chemical concentration. 

The documentation supporting each BEDS record 
included the citation, the type of test or biological 
effect obsewed or predicted, the approach that was 
used, the study area, the test duration (if applicable 
and reported), the species tested or the benthic com- 
munity considered, the total organic carbon (TOC) 
and acid-volatile sulfide (ill's)concentrations (if re- 
ported), and the chemical concentration. 

In our co-occurrence analyses of field-collected 
data entered into BEDS, an effects descriptor was as- 
signed to data entries in which adverse biological ef- 
fects were observed in association with at least a tn.0- 
fold elevation in the chemical concentration above 
reference concentrations. Either "no gradient," "small 
gradient," or "no concordance" descriptors were as- 
signed when no differences between stations were re- 
ported in the concentration of the chemical of con- 
cern, when mean cheniical conceiltrations differed by 
less than a factor of two between the groups of sam- 
ples, or when there was no concordance between the 
severity of the effect and the chemical concentration, 
respectively. In these cases, we assumed that other 
factors (whether measured or not) were more impor- 
tant in the etiology of the obsemed effect than the 
concentration of the contaminant considered. Finally, 
a "no effects" descriptor was applied to biological data 
from background, reference, or control conditions. 

Collectively, the effects dGa sets from the model- 
ing, laboratory, and field studies were assigned an 
asterisk in the ascending tables and used to derive the 
guidelines. All of the effects data were given equal 
weight in the guidelines derkation. Collectively, data 
assigned no gradient, small gradient, noconcordance, 
and no effects descriptors were regarded as the no- 
effects data set. 

Derivation of Sediment Quality Guidelines 

For each chemical, the data from BEDS were re- 
trieved and arranged in ascending order of concen- 
tration in a tabular format. These ascending data ta- 
bles, as reported by Long and Morgan (1990) and 
updated by MacDonald (1993) and Smith and Mac- 
Donald (1992). summarized the available information 
for each chen~ical or chemical gronp that was consid- 
ered. 
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Table 1. Summary of available data on effectsof sediment-associated acenaphthene (ppb) in 
coastal sediments 

Concentration Analysis Test 
l+SD) Area 'Y pea durationb End ~ o i n t  measuredC 

Puget Sound, WA COA 
Puget Sound. WA COA 
Puget Sound. WA COA 
Halifax Harbour, NS COA 
Halifax Harbour. NS CO A 
Halifax Harbour. NS COA 
Southern California COA 
Halifax Harbour. NS CO A 
Sidney Tar Pond. NS COA 
Sidney Tar Pond. NS COA 
Soulhern California COA 
Sidney Tar Pond. NS COA 
San Francisco Bay, CA AET.4 
Sidney Tar Pond, NS CO A 
Sidney Tar Pond. NS CO A 

California AETA 
California AETA 
Northern California AETA 
Sidney Tar Pond NS COA 
Halifax Harbour. NS COA 
Halifax Harbour. NS COA 
Halifax Harbour. NS COA 
Burrard Inlet. BC SQO 
Northern California AETA 
California AET.4 
San Francisco Bay. CA AETA 
Commencement Bay. WA COA 
Puget Sound. WA AETA 
Commencement Bav. WA COA 
Co~nmencenient Bay. WA COA 
Commencement Bav. WA COA 
Eagle Harbor. WA CO A 
Puget Sound. WA SQG 
Burrard Inlet. BC COA 
Burrard Inlet. BC COA 
Burrard Inlet. BC COA 
Burrard Inlet. BC COA 
Elizabeth River. VA COA 
Commencemen1 Bav. WA COA 

T h e  distributions of the effects data were deter- 
mined using percentiles (Byrkit 1975). Two values 
were derived for each chemical or  chemical group. 
T h e  lower loth percentile of the effects data for each 
chemical was identified and referred to as the effects 
range-low (ERL). T h e  median, o r  50th percentile, of 
the effects data was identified and referred to as the 
effects range-median (ERM). Percentiles of aquatic 
toxicity data were used by Klapow and Lewis (1979) to 
calculate marine water quality standards; the authors 
noted that this approach tended to minimize the in- 
fluence of single (potentially outlier) data points on 
the development of guidelines. Environment Canada 

Low prevalence of hepatic cellular alterations (0%) 
Low prevalence of hepatic lesions (0%) 
Low prevalence of hepatic idiopathic lesions (32.5%) 
Significantly toxic (61.7 2, 12.5% mortality) 
Not significantly toxic (5.2 * 3.5% mortality) 
Not significantly toxic ( I  1 2% mortality) 
Significantly toxic (51.7' mortality) 
Not significantly toxic (3% mortality) 
Not significantly toxic (4% mortality) 
Nor significantly toxic (3% rnortality) 
Not signilicantly toxic (23.2% rnortality) 
Not significantly toxic (8 + 5.66% mortality) 
San Francisco Bay AET 
Significantly toxic (100% mortality) 
Significantly toxic (100% rnortality) 
ER L (10th percentile) 
California AET 
California AET 
Northern California AET 
Significantly toxic (52% rnortality) 
Not significantly toxic (6.8 7.31% mortality) 
Not significantly toxic (8.5 + 6.06% morlality) 
Not significantly toxic (0.7 + 1.63% mortality) 
Sediment quality objectives 
Northern California AET 
California AET 
San Francisco Bav AET 

Id h Least toxic t 15.1 z 3.1% ~bnc,rrnaItt\, 
PSDD.4 screening le\el conrentrauon 

10 d L.ca$t toxic 812.5 r 4.5% 'rnor13litvr 
~ .~ ~,,

~oderatelytoxic (23 i 2.3% abnormality) 
Moderately roxic (26 t 5.2% mortality) 
LC50 

Chemical criteria 

Not toxic (4.5 2 3.02% emergence) 

Not toxic (5.21 = 3.61% emergence) 

Not toxic (97.? r 2.84% reburial) 

Not toxic (8.9 2 2.99% mortality) 

No significant change in respiration rate 

Hiehlv toxic 144.5 i 19% abnormalitv) 


and Florida Department of Environmental Protection 
used a slight modification to this method, the ratio- 
nale for which has been documented (MacDonald 
1993, Smith and MacDonald 1992). 

Determination of Percent Incidence of Adverse 
Biological Effects 

T h e  two guideline values, ERL and ERhl, delineate 
three concentration ranges for a particular chemical. 
T h e  concentrations below the ERL value represent a 
minimal-effects range; a range intended to estirnate 
conditions in which effects would be rarely observed. 
Concentrations equal to and above the ERL, but be- 
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Table 1. (Continued) 

Concentration-..... - Analvsis Test 
( tSD)  Area type' durationb End point measuredC 

350 + 45.8 Burrard Inlet. BC CO A 10 d Not toxic (7.9 r 5.12% mortalitv) 
Burrard Inlet. BC COA Highly to;ic (30.5% e r n ~ r ~ e n c e j  
Burrard Inlet. BC CO A Highly toxic (23% emergence) 
Charleston Harbor. SC COA High species richness (14.9 2 2.04) SRUs 
Charleston Harbor. SC COA Moderate species richness (9.05 k 1.33) SRUs 
Charleston Harbor. SC COA Low species richness (5.16) SRUs 
Charleston Harbor. SC COA High species diversity (4.15 2 0.59) SDUs 
Charleston Harbor. SC CO A Moderate species diversity (2.3 C 0.2) SDUs 
Charleston Harbor. SC Low species di\.errity (1.16) SDUs 
Elizabeth Ri\.er. VA coA Not significantly toxic (4.5 L 3.24% mortalily) 
Puget S O L I I I ~ .  WA AETA 1986 Puget Sound AET 
Puget Sound. WA AETA 1986 Puget Sound AET 

ER M (50th percentile) 
Puget Sound. WA AETA 1988 Puget Sound AET 
Puget Sound. WA AETA 1988 Puget Sound AET 
Puget Sound. WA AETA 1986 Puget Sound AET 
Puger Sound. WA AETA 1986 Puget Sound AET 
Puget Sound. WA 
Cornrncncement Bay. WA 

AETA 
c 0 . a  

PSDDA maximum level criteria 
Highly toxic (78.5 + 19.5% mortality) 

Elizabelh River, VA CO A Significantly toxic (50.7 -t 99% mortality) 
Elizabeth River. VA COA Significant decrease in respiralion rates 
Puget Sound. WA , AETA 1988 Puget Sound .4ET 
Puger Sotand. WA AETA 1988 Puget Sound AET 
Puget Sound, WA COA High prevalence of hepatic lesions (26.7 C 6.4%) 
Puget Sound. WA COA High prevalence of hepatic idiopathic lesions 

(88.0 2 3.7%) 
Puget Sound. \VA High prevalence of hepatic cellular alterations 

(44.1 2 8.5%) 
Eagle Harbor. WA COA Least toxic (13 t 7% mortalit!) 
Eagle Harbor. WA COA Moderately toxic (41 t 9% mortality) 
United States Ea PA Chronic marine EaP threshold 

39,557 L 48.678 Eagle Harbor. WA coA 10 d Highly toxic (95.5 r 8.5 mortality) 

'Anal\,sir t w c :  COA = co-occurrence anal?rir; AEr.4 = apparent effcca threshold appn~ach: EqP.4 = eqrailibriun~ partitioning approach: . . .  
SQO = redinlent quality objective: SQG = redirnr~>lqualit! guideline: SSBA = spiked redirnent bioassay approach: SLCA = screening level 
criteria approach. 
qenduradon: d = day: h = hour:m = minute. 
'End paint measured: AET = apparent effects threshold: PSDDA = Pu&t Sound dredge disposal analysis: LC, = lethal concenlracion to 

50% ofthe tested organisms: SRUs = species richness unitr: SDUr rpecicr diversity unitr. 
dLifestage: .ADT = adult: LAR = larval:JUV = juvcnilc. 
'EffecuiNo effects: NE = no erfecl: SC = no concordance; SG = rmal gradient: NC = no gradient:'= eifectr d a ~ aused in calculate ERL 
and ERN values. 
'1.  Malinr andotherr. 1985; 2. Tarandochers. 1990: 3,Anderronand others. 1988:4. Long and Morgan.1990: 5. Brcker and otherr. 1990; 6 .  
Swin and Sijrnan. 1991; i. Tecrr.Tech. 1985: 8. CS Army Corpr of Engineers. 1988; 9. Swanz. and otherr. 19891 10. Washington 
Deprrcmen~ of Ecolog).. 1989: 11. %lrLea? and others. 1991: I?..\Idenand Butt. 198i; 13. \%'inn and others. 1989: 14. Bellrr and orhcra. 
1986: 15. PTI.Inr.. 1988: 16. CH?hl-Hill. Inc..  1989: l i .  Bolton. 1983. 

1 4 ) the  incidence o f  effects was very high (>7j%) in polynuclear aromatic hydrocarbons (PAHs),  th ree  
[ h e  probable-effects ranges.  T h e  reliability of the  classes o f  PAHs (total low molecular weight,  total high 
guidelines that failed to  mee t  these evaluation criteria molecular weight, a n d  total PAH), a n d  two pesiicides 
was considered to be lower. (p,p'-DDE a n d  total DDT).T h e  data  available f o r  

acenaphthene a n d  phenanthrene  a r e  shown in Tables 
I a n d  2. respecrively, to illustrate the fo rmat  a n d  con- 

Results tent o f  the ascending tables with u,hich the  guidelines 
ERL a n d  ERM values were derived for  28 sub- w e r e  derived. Space limitations preclude inclusion of 

stances: nine trace metals,  10131 PCBs, 13 individual equivalent tahlcs for  all of the  substances. 
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Life 
staged 

Rhcpo.t~niw abroniw (amphipod) ADT 
R h e p o . t y 1 ~abroniur (amphipod) ADT 
Corophium i~olulalor (amphipod) ADT 
Benthic species 
Benthic s~ecies 
Ben~hic sbecies 
Benthic species 
Benthic species 
Benthic species 
Polacmonn~xpugio (grass shrimp) ADT 
Microtox 
Crarrorlrra pga' (oyster1 L.4R 

hlicrotor 
C ~ ~ l i o s l r ~ o  LA Rp g a  (oyster) 
Benthic species 
Rhcpoxytius abroni~u (amphipod) 
Aquatic biota 
Rhrpoqnitlr nbr0~iW (amphipod) ADT 
Palottnonrlcx pugio (grass shrimp) ADT 
Pnlnemottrles p u p  (grass shrimp) ADT 
Benthic community 
Rh~po?niu abroniw (amphipod) ADT 
Pnrophry I'P(U/IL( ADT(English sole) 

P a r o p h y  i~nultu(English sole) ADT 

Pnropltry I I P I U ~ W(English sole) ADT 
R h r p o ~ y ~ z l o  ADTobroni~u(amphipod) 
Rh~bormi~u . . .  ADTo67onitu lamphi~od) 
~ ~ ; a t i cbiora 
Rhrponniu ubroniz~l (amphipod) ADT 

Adverse effects measured in association with 
acenaphthcne included high arnphipod mortality it1 

sediment toxicity tests. lo\\. species richness in benthic 
con~munities, high prevalence of h e r  lesions in dem- 
ersal fish, and chronic toxicity predicted by an equilib- 
rium-partitionitlg model (Table I). No dara from 
spiked-sediment bioassays were available. As an ex- 
ample of the kinds of data analyses that u,ere per- 
f o r n ~ e d  for entry into the BEDS,matching sediment 
chemistry and amphipod mortality dara from Com- 
mencement Bay (Washington) were evaluated in a co- 
occurrence analysis. The  average concentration of 
acenaphthene was 85.9 ppb in the samples that were 
the least toxic to amphipods (12.5 5 4.5% mortality). 
This data entry was assigned a no-effects (ne) descrip- 
tor. In  samples that were moderately toxic (26 ? 5.2%, 
mortality), the average concentration of acenaph- 
thene was I?; pph. The  ratio of I27 ppb to 85.9 ppb 
was less than 2.0, therefore, the moderately toxic data 
entry was assigned a small-gradient descriptor. T h e  

Effectslno TOC 
effects' (9,)' References 

NE 2.64 2 2.14 I I 
SG 3.5 I I 
SG 3.5 1 1  
NE 13 
NG 13 
NG 
NE 
NG 
NG 
NE 

* 

!+ 
* 
* 
% 

* 
* 

SG 

* 

* 

* 

* 
NE 
SG 

average acenaphthene concentration associated u.ith 
highly toxic samples (78.5 Z 19.5% mortality) was654 
ppb, a factor 7.6-fold higher than the average concen- 
tration in the least toxic samples. It was assigned an 
asterisk and used in the calculation of the ERL and 
EK'1 values. .4 total of SO dara entries for acenaph- 
thcne were assigned ciiects designators. No biological 
effects were reported over the range of 1-8.8 ppb 
acenaphthene. T h e  lower 10th percentile valtle of the 
effects data (the ERL) was 16 ppb and the median 
value (ERM) was 500 ppb. T h e  percent incidence of 
adverse effects within the minimal-effects, possible- 
effects, and probable-effects ranges were 20%,32%. 
and 84%, respectively. 

Phenanthrene data were available from equilib- 
rium-partitioning studies, spiked sediment bioassays, 
and numerous field surveys perfor~ncd in nlany dif- 
ferent areas (Table 2). A total of 51 data entries were 
assigned effects designators in the pllennnthrene 
database. Adverse effects were not obser\,ed in asso. 
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I '  

Table  2. Summary of available d a t a  on effectsof sed iment -assoc ia ted  phenanthrene (ppb)  in 
coas ta l  s e d i m e n t s  

Concentration 
l+SD) Area 

Laboratory 
Halifax Harbour. NS 
Sidney T a r  Pond. NS 
Burrard Inlet. BC 
Sidney T a r  Pond. NS 
Laboratory 
San Francisco Bay, CA 
Laboratory 
San Francisco Bay. CA 
United States 
Southern Califo~.nia 
Puget Sound. WA 
Pugel Sound. M'A 
Puget Sound. WA 
San Francisco Bay. CA 
California 
Northern California 

I30 z 325 Ba) .  R1 N a r r ~ g a ~ ~ r e l t  
188 San Francisco Bat. CA 
199 San Francisco ~ a ) , .  CA 
220 San Francisco Bay. CA 

222 + 136 Southern California 
223 + 169 Burrard Inlet. BC 
223 r 169 Burrard Inlet. BC 

224 San Francisco Bay. CA 
228 San Francisco Bay. CA 
233 San Francisco Bav. CA 
240 United States 
240 
242 San Francisco Bay. CA 
259 United States 
270 California 
270 Southern California 

>290 Southern California 
Commencement Bay. WA 
Elizabeth River. VA 
Pueet Sound. W.4 
Unyted States 
Elizabeth River. VA 
Laboratory 
Charleston Harbor. SC 
Charleston Hal-bor, SC 
Charleston Ii3rbc.r. SC 
Charlrstoi~ H3t bor. S(: 
Charleston Ilarbor. SC 
Charleston Harbor. SC 
Halifax Harbour. NS 
Halifax Harbour. A'S 
Halifax Harbour, NS 
San Francisco Bay, C.4 
Commencement Bay, W.4 
Laboratory 
Northern California 
California 
San Francisco Bay, CA 
Conimencelncnt Ray. \VA 

Analysis Test 
tvae' durationb 

SSBA 
COA 
COA 
SQO 
COA 
SSBA 
CO A 
SSBA 
AETA 
EqPA 
CO A 
c o . 4  
COA 
CO A 
COA 
.\ETA 
AETA 
C0.4 10 d 
COh 10 d 
CO A I0 d 
COA I0 d 
CO.4 10 d 
C0.4 I0 d 
C0.4 10 d 
COA 48 h 
C0.4 IOd 
C0.4 48 h 
EqP.4 

C0.4 I0 d 
SLCA 
.\ETA 
i\ETA 
AETA I0 d 
COA 
CO A 
AETA 
SLC A 
CO.4 
SSBA 
COA 
COX 
COh 
C.04 
C O h  
COA 
COA 
COA 
C O 4  
COA 
COA 
SSBA 
AETA 
AET.4 
.&ETA 
C0.4 

End min t  measuredc 

No significant change in liver somadc indices 

Not significantly toxic (3% mortality) 

Not significantly toxic (3% mortality) 

Sediment quality objectives 

No1 significantly toxic (4% mortality) 

No signifcant change in kidney MFO induction 

Least toxic (23.3 + 7.3% abnormal) 

No significant change in spleen condition indices 

San Francisco Bav .4ET 

99% chronic marine criteria 

Not significantly toxic (23.2% mortality) 

Low occurrence of heoatic cellular alterations (0%) 
~ -, 
Low prevaleilce of hepatic lesions (0%) 

Low prevalence of heuattc idiouathic lesions 132.5%) 

Not significantly toxic (31.9 + 15.5% abnormal) 

C.alifornia AET 

Northern California AET 

S o t  s tgn~f ica , j~ l~  
~oxlc , 5 2 8  r 3.04"i rnortalltr, 

Lean r<,uic 118 1. 66% mc,r~al~t,
r ,
Not rignificanllY taxic (18.4 2 6.8% mortality) 

Significantly toric (42.9 + 19.2% mortality) 

Significantlv toxic (51.7% mortality) 

Not toxic (4.5 + 3.02% emergence) 

Not toxic (5.21 t 3.61% emergence) 

Xloderately toric (59.4 + 11.3% abnormal) 

Moderately toxic (33.8 + 4.7 mo.rtality) 

Significantlv toxic (55.7 + ?2.i% abnormal) 

95% chronic marine criteria 

ER L (10th percentile) 

Highly toxic (67 + 11 3 %  mortality) 

NSLC-marine 

California .4ET values 


~~ 

Southern California AET values 
Southern California AET values 
L.east toxic (15.1 2 3.1% abnormality) 
No significant change in respiration rate 
PSSDA screenine level concentration 

~~~ ~ ~ " 
NSLC-marine 
Not sinnificanll!, toxic (4.5 + 3.24% mortali~vl ,,
~ i ~ n i f i z a n tchange in lker  somatic indices 
High species richness (14.9 + 2.04) SRUs 
Moderate species richness (9.05 + 1.33) SRUs 
Low species richness (5.16) SRUa 
High species diversity (4.15 + 0.59) SDVs 
Moderate species diversity (2.3 + 0.2) SDVs 
Lot,, species diversity (1.16) SDUs 
Not significantlv toxic (6.8 + 7.31% mortality) 
Not significantlv toxic (0.7 2 1.65% mmonality) 
Not sienificantlv toric 18.5 2 6.06% morralitvl 
Highl;toxic (95.4 + 4.5% abnormal) 
Least toxic (12.5 ? 4.5% morlalitv) 
Significant increase in kidney LIFOinduction 
Northern California ,4ET 
California AET 
San Francisco Bay .4ET 
Modcratelv toxic 123 t 2.3% abnorrnaiitvi 
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Life Effects/no TOC 
staged effects' (%) 

P~rudop&uronertrs americanru (flounder) ADT NE 
Rhepo.\?nit'r a b ~ o ? ~ i w(amphipod) ADT NE 
Rhrpoqniur abroniur (amphipod) ADT NE 
Aquadc biora NE 
Corophitrm trolulntor (amphipod) ADT 
P~eudop&uronecles nmericonur (flounder) ADT 
Bi\.alve LAR 
P~eudopl~uro~rect~snmcriranw (flounder) ADT 
Ovster, mussel LAR 
q u a u c  organisms 
C;ro,~d,urnr.lo lopontro w n p l ~ i p a d ,  JL 'V 
Po,oolr,rr :PIL.LJ1En~l.sh solel .4DT 
pordClh)rs t~elulur ?English sole) ADT 
Parophvss I P P I > ~ ~(English sole) ADT 
Bivalve LA R 
M>lilw eduiir (bivalve) LAR 
Benthic species 
Amppiism nbdilo (amphipod) ADT 
Rhrpocniw nbrontur (amphipod) ADT 
Rhepo.r?.ntw abroniur (amphipod) ADT 
Rhrpo.yvniw abroniur (amphipod) ADT 
Cmndidim~llojoponico (amphipod) J C V  
Rh~poqniur ahroniu (amphipod) ADT 
Corophinm iroluralor (amphipod) ADT 
Bivalve L.4 R 
Rlt~po.sy~>t~inbroniur lamphipod) ADT 
Bivalve LA R 
Aquatic organisms 

Rhppo.yvniu nhroniw (amphipod) 
Benthic species 
Benthic species 
Benlhic species 

ADT SG
* 
* 
* 

RI~epoqnitu nbronitu (amphipod) ADT -
Oyster LA R N E  
Poln~rnonrlri paglo (grass shrimp) ADT NE 
Aquatic biota 
Benthic species 

N E 
* 

Palnemonrlm pt~glo (grass shrimp) 
Prrudopleuron~ner americottur (flounder) 

A D T  
A D T  

NE 
* 

Benthic species NE 
Benthic species NG 
Benthic species KG 
Benthic species N E 
Benthic species NG 
Benthic species NG 
Rhrpo.~nitu nhronitu (amphipod) ADT NE 
Neot~llruspecies (polychaete) J U V  NE 
Corophium volulalor (amphipod) 
Bivalve 

ADT 
LA R 

NE 
* 

Rhepoqi?~itu o b ~ o n i u  (amphipod) 
PsrudoplPuronerles omc+anw (flounder) 
Rhcpoqnim obronitu (amphipod) 
Rhrpo.yvniu nbro,~iur (amphipod) 

ADT 
ADT 
ADT 
ADT 

N E  
* 
* 
* 

Rbrpoqniw nbronitu (amphipod) ADT a 

Oyster LAR 

(Continued) 
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Table 2. (Continued) 

concentration Analysis Test 
ICSD) Area t v ~ e "  durationb End m i n t  measuredC 

597 Commencement Bay, WA COA Moderately toxic (26 + 5.2% mortality) 
670 Laboratory SSBA Significant change in spleen col~dition indices 

918 t 1395 Burrard I~llet. BC C O  A Not toxic (97.2 + 2.84% reburial) 
918 + 1395 Burrard Inlet. BC C O  A Not toxic (8.9 2 2.99% mortalitv) ,. 

950 Eagle Harbor. WA COA lC50 
987 + 1654 Elizabeth River, VA C O  A Significant decrease in respiration rates 

1000 Puget Sound. WA SQC Chemical criteria 
1020 United States EqPA Interim marine sediment quality criteria (FCV) 

1213 2 1547 Burrard Inlet. BC COA Not toxic (7.9 * 5.12% morlality) 

< I267  + 2528 Halilax Harbour. NS C O  A Not significantly toxic ( I  + 2% mortal it^) 

<I271 r 2526 Halilar Harbour. NS COA Not significantly toxic (5.2 + 3.5% mortality) 


1979 + 2545 Commencement Bay. M'A COA High toxic (44.5 + 19% abnormality) 

1500 Puget Sound. WA AETA 1986 Pugel Sound AET 

1500 Puget Sound. WA AETA 1986 Pugel Sound AET 

1500 Parget Sound. WA AETA 1988 Puget Sound AET 

1500 ER M (50th percentile) 

1500 Puget Sound. WA AETA 1988 Puget Sound AET 


<I688  + 2920 Halilax Harbour. NS C O  A Significantly toxic (61.7 + 12.5% mortality) 

1913 + 2693 Elizabeth River. VA COA Sienificandb, toxic (50.7% + 39% morialitr)


u 


2142 Eagle Harbor, WA C O  A Moderately toxic (41 + 9% mortality) 
2600 b g l e  Harbor. WA COA Leaa toxic (13 2 7% mortalitv) 
2838 Commencement Bay. \<'A COA Highly toxic (78.5 + 19.5% mn'&tality) 
3000 Burrard Inlet. BC C O  A Highly toxic (30.5% emergence) 
3000 Burrard Inlet. BC COA Highly toxic (23% emergence) 
9200 Puget Sound. WA AET.4 PSDDA maximum level criteria 
3200 Puget Soui1d. WA A ET.-\ 1988 Puget Sound .AET 
3680 Eagle Harbor. WA C O  A LC," 
5400 Puget Sound. WA AETA 1986 Poget Sound h E T  
5400 Puget Sound. WA AETA 1988 Puget Sound .4ET 
6900 Pugel Sound. WA AETA I0 d 1988 Puget Sound AET 

10.000 Laboratory SSBA IOd Significant toxicity 
11.656 + 14,472 Puget Sound. WA COA High prevalence of hepatic lesions (26.7 + 6.4%) 
11.656 + 14.4i2 Puget Sound. WA COA High prevalence 01hepatic idiopathic lesions 

188.0 + 3 . 7 6 )  
11.656 r 1 4 . 4 2  Puget Sound. WA COA High prevalence of hepatic cellular alterations 

(44.2 + 8.5%) 
14.000 United States Chronic marine EaP threshold EqPA ~~~~-~ 

14.000 United Stater EqPA EPA acute marine EqP threshold 

>30.000 hboratory SSBA LC50 

>30.000 Laboratory SSBA LC,,, 


33.603 Eagle Harbor. WA C O  A Highly roxic (95.5 + 8.5% mortality) 
<45,903 + 64.909 Sidney T a r  Pond. NS COA Not significantly toxic (8 + 5.666 mortality) 

91.800 Sidney T a r  Pond. S S  C0.4 Significantly toxic (1002  mortality) 
91.800 Sidney Tar  Pond. S S  COA Significantly toxic (100% mmaality) 

105.500 Elizabeth River. V A  C0.A LC50 
484.000 Sidney Tar  Pond. S S  COA Significantly toxic (52% mortality) 

2.369.200 Elizabeth River. VA COA LC,.: 

4.??0.000 Elizabe~h River. \'A COA 2 h ~ i i i l ?toxic (1002  monalitv) 


'.An;xlvrir type: COA I:cu-<rurrenceanalvnr: .ACr.A = apparent ellens thrcrhc~ldapproach: EsPA = cauilibritm~ oanitiunir,e aoorc,ich: . . . , ., . ,
SQO = redi;llenc qu;dit? ohjeccire; SQC = rcdwnent qualit) gujdelinc: SS8.4 = spike sediment bk;xsra) abproach: kC.4  = rcrccning level 
criieria approach. 

T e r ~duration: d = day: h = hour: rnin = minu~e:!nu = monO?. 

'End point ~ncarurcd: EK I. = cfleclr range lo*.: EK >I ellectr r3ngc.nIediln: .4ET = appareul cl'leccr rhreihold: 1'SDD.A = Puga  Sound 
dredge dirporal analvrir: ut.ganirmr: SKU$ = rpecier richness i rni l r :SDCr = rpccier diserritv units: \IF0 = rnxcd-luncuon osidare: 
FCV = = Irchal concr~~rx ion  = Entironn~ental I'rotecciun hgcllc\fin;*lchronic value: LC,,, to iOT ol the  ~erted organisms: EI'A 
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Life Effectslno T O C~ ~ 

Species staged effects' (%) Referencer 

Rhobon,riu abroni~u (amphipod) ADT * 7 
~re;tdo~leuronrdrsarncrirdn& (flounder) ADT 18 
Rhrpoqniu  abro~iitu (amphipod) ADT NE 2.8 2 1.96 I I 
Corophium ~,olulalor (amphipod) ADT NE 2.8 -e 1.96 I I 
Rht,poryniw droriiiu (amphipod) JU\'IADT * 9 
Palaernoneles puglo (grass shrimp) ADT * 12 
Benthic community * I 10 
Benthic community NE 1 22 
Rhepoqniw abroniw (amphipod) ADT ti E ?.64 2 ?.I4 11 
Ncaalhts species (polychaete) JUV NE 2 
Corophi~rm iiolalolor (an~phipod) ADT NE 2 
Oyster LA R * 7 
micro to^ * 14 ? 
Cracsar~r~a LAR 19gigu (oyster) * 
Microtox 

Crarroslrca grgu (oyster) LAR * 15 
Rhrpoxjrriw nbron~ur (amphipod) ADT * 2 
Pnlnrmo,t~lrs ptrgio (grass shrimp) ADT * I2 
R h e p o v i w  a b ~ o n i u  (amphipod) ADT NC 16 
R h ~ p o ~ n i u  ADT 16obropiur (amphipod) li E 
R h ~ p o . ~ n i u rabroniur (amphipod) ADT 7 
Rhepoqniw nbronivr (amphipod) ADT * I I 
Corophiuvi rrolulalor (amphipod) ADT * I I 
Aquatic biota * 8 
Benthic species I I 
R h ~ p o q n i l u  nbroni~u (amphipod) JUWADT * 9 
R)rpaxy:y,zii~rabroniu (amphipod) ADT ii 14 
Benthic community ADT 15 
Rh~poqrrrw obroni~u (amphipod) ADT t 15 
Rhepox?,,iu~ obronbu (amphipod) ADT 23 
P n r o p h ~ s  or tu l~r  (English sole) ADT % I 
Parophry vrlulzr (English sole) ADT 1 

Paropphryr vrlulw (English sole) ADT 1 

Aquatic biota * 17 
Aquatic biora 24 
Crundidiirrrllo japonira (amphipod) ADT - 25 
Grandirlir,rllo jnpn,l,caia (arnphipud) ADT - 25 
Rhepoqniiu ahronr~u (amphipod) ADT 16 
Nentzlhn species (polychaete) JLIV NE 2 
Corophium i~olulolor (amphipod) ADT ? 
Rhtpoqnilrr obronitu (amphipod) ADT 2 
Lkoslomu xanlhunu (spot) J U V  * 26 
Neanlhes species (polycliaete) JL'V 2 
Lriorlomur xonrhurur (spot)  J V V  26 
Le+o.~lomu xanlhunu (spot) J V V  * 26 

a~ifer tage:ADT = adull: U R  = larval:JC\'= ju\.cnile. 
'Effecrr/no effecu: NE = no effect; NC = no concordance; SC = small gr:,<lienc: NC = no gradient: '= effects data used to calculate ERL 
and ERM valuer. 
' I ,  Malinr and others, 1983;?.Tayand others. 1990; 3 .  Anderson and othrrr, 1988; 4 .  Long and hlcrrgan. 1990; 5, Beckerand others. 1990; 6, 
Swain and Kijrnan. 1991; ?.Tetra-Tcch. 1983; R.US Arm)~CorpsofEnginccrr. 1088; 9,Stvar8znr~dotherr, 1989; 10. \(.ashincgon Depar(rnen( 
of Ecology 1989; 1 1 .  Mcl.e.2) and otherr. 1991: 12. Alden and Bull. 1987: 13. Winn and othrrr. 1989; 14.  Brllnr and others. 1986: 15. PT1, 
Inc.. 1988: 16.CH?M.Hill. In<.. 1989; 17. Bollon. 1985: 18. Payncand others. 1988: 19. Pa\,luuandothers, 198i:21. Nelland others. 1986; 
22. US EPA, 1988; 23. Tlcrha md others. 1988: 24. Lgrnan and ocherr. I98i: ?5. SCCWRP. 1989: 26. Rokrts and othcrr. 1984. 
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Table 3. ERL and ERM guideline values for trace metals (ppm, dry wl) and percenl incidence of biological 
ef fec ts  in concentration ranges defined by the two values 

Guidelines Percent (ratios) incidence of effects" 

Chemical ERL ERM <ERL ERL-ERM >ERM 

Arsenic 8.2 70 5.0 (2140) 1 1.1 (8173) 63.0 (17127) 
Cadmium 1.2 9.6 6.6 (71106) 36.6 (32/87) 65.7 (44167) 
Chromium 81 370 2.9 (31102) 21.1 (15171) 95.0 (19120) 
Copper 34 270 9.4 (6164) 29.1 (3211 10) 83.7 (36143) 
Lead 46.7 218 8.0 (7187) 35.8 (2918 1) 90.2 (37141) 
Mercury 0.15 0.71 8.3 (4148) 23.5 (16168) 42.3 (22152) 
Nickel 20.9 51.6 1.9 (1154) 16.7 (848) 16.9 (10159) 
Silver 1.0 3.7 2.6 (1139) 32.3 (11/34) 92.8 (13114) 
Zinc 150 410 6.1 (6199) 47.0 (31166) 69.8 (37153) 

'Number oldam entries w i ~ l ~ i neach concenlrarion range in which biological elfefectr were observed divided by the total number or entries 
within each range. 

ciation with phenanthrene concenrrations of <5 p p b  
to 66 ppb. T h e  ERL value for phenanthrene was 240 
ppb a n d  the  ERM value was 1500 ppb. T h e  percent 
incidence o f  adverse effects within the minimal-
effects, possible-effects, and probable-effects ranges 
were 18%. 46%. and 90%. respectively. 

T h e  incidence of adverse effects increased with in- 
creasing concentrations of all trace metals, except 
nickel (Table 3). T h e  incidence of effects was 10% o r  
less in the  minimal-effects ranges a n d  1 1 7 ~ 4 7 %in 
the possible-effects ranges from all of the trace metals. 
T h e  incidence of adverse effects exceeded 75% in the 
probable-effects ranges for chromium. copper, lead, 
and silver but was only 42.3% and 16.9% for mercury 
and nickel, respectively. However. the incidence o f  
effects in the probable-effects range for chromium 
was greatly influenced and exaggerated by data from 
multiple tests conducted in only two field surveys. 

T h e  incidence of adverse effects consistently a n d  
markedly increased with increasing concentrations of 
all organic compounds, except p,p'-DDE and total 
DDT (Table 4). T h e  incidence of effects ranged from 
5 0 %  to 27.3% in the minimal-effects ranges for or-  
ganic compounds and was 25% or  less for all but one  
of the compounds-fluorene. \Yithin the possible-ef- 
fects ranges, the incidence of effects ranged from 
18% to 75%. T h e  incidence of effects ranged from 
50% to 100% in the probable-effects ranges and 
equaled o r  exceeded i 5 1 c  for all but four compounds. 
T h e  incidence of effects in the probable-effects range 
for total PCBs was relatively low (5 I Ic). 

Discussion 

Guidelines Accuracy 

Among the trace metals, the most accurate guide- 
lines appeared to be those for copper, lead, and silver; 

the incidence of effects were very low (<10%) in the 
minimal-effects ranges, increased steadily through 
the possible-effects and probable-effects ranges, and 
were very high (>8310) in the probable-effects ranges. 
Among the organic compounds, the guidelines ap- 
peared to be highly accurate for all of  the classes of 
PAHs and most of the individual PAHs. Except for 
fluorene, the incidence of effects was 25% or  less at 
concenrrations below the respective ERL values. Ex- 
cept for dibenzo(a.h)anthracene, p,p'-DDE, total 
DDT, and total PCBs. the incidence of effects was 
75% o r  greater at concentrations that exceeded the 
respective ERhfs. At concentrations in the probable- 
effects ranges, the incidence of  adverse effects was 
100% for acenaphthvlene. 2-methyl naphthalene, and 
low-molecular-weight PAHs and 90% o r  greater for 
chromium, lead, silver, benz(a)anthracene, and fluo- 
ranthene. 

T h e  accuracy of the guidelines for some substances 
appeared to be relatively low. For example, the inci- 
dences of effects associated with nickel were 1.9%. 
16.7%. and 16.972, respectively. in the rhree concen- 
tration ranges. T h e  incidence of effects did not in- 
crease appreciabl!..u,ith increasing concentrations of 
nickel and were very low in all three ranges. The  
incidence of effects in the probable-effects ranges for 
mercury and total PCBs were relatively low (42.3% 
and 5 1.0%. respectively). Furthermore, the incidence 
of effects did not increase consistently and markedly 
with increasing concentrations of p,p'-DDE, and total 
DDT. T h e  p.p'-DDE and total DDT databases may 
have been undulv influenced by relatively low equilib- 
rium-partitioning values, which were based upon 
chronic marine water quality criteria intended to pro- 
lect against bioaccumulation in marine fish and birds, 
not toxicity to benthic organisms. T h e  incidence, of 
efCecrs in the probable-effects range for chromium 
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Table 4. ERL and ERM guideline values fororganic compounds (ppb,  dry wt) and percent incidence of 
biolooical effects in concentration ranges defined by the two values 

Guidelines Percent (ratios) incidence of effectsa 

Chemical ERL ERM <ERL ERL-ERM >ERM 

Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
2-hlethyl naphthalene 
Naphthalene 
Phenanrhrene 
Low-molecular weight PAH 
Benz(a)anthracene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a.h)anthracene 
Fluoranthene 

DDT 

Total PCBs 

'Number or data entries wilhin each ronrcn~radonrange in which biological eflccu were obrened divided b! (he lotai number or entries 
within each range. 

ostensibly appeared to be very high but was unduly 
exaggerated by data from multiple tests performed in 
only two studies. 

Comparisons w ~ t h  Other Guidelines 
Agreement within a factor of 3 or  less among 

guidelines developed with different methods has 
been recommended by a panel of experts as an  indica- 
tion of good precision (Lorenzato and others 1991). 
In  the following discussion, the comparisons of guide- 
lines were conducted by determining the ratios be- 
tween them, i.e.. the larger of the two values was di- 
vided by the smaller value. 

T h e  ERL and ERM values reported in Tables 3 
and 4 were based upon a considerable expansion and 
revision of the database used by Long and Morgan 
(1990). T h e  quantities of data used to derive the 
present values exceeded those used previously by fac- 
tors of I .4 to 2.6. About 30%-50% of the data used in 
the present analysis came from the database used pre- 
viously. Furthermore, the considerable amounts of 
freshwater data in the previous database were deleted 
in the present analysis. Of the 25 ERL values derived 
in the two analyses, seven remained unchanged, nine 
decreased, and nine increased. T h e  ratios betu,een 
the two sets of ERL values ranged from 1.0 to 9.4 
(average of 1.88, N = 25). T h e  ERL values Tor only 
two substances changed by factors greater than 3.0X: 

arsenic (decreased by 4.2X); and acenaphthene (de- 
creased by 9.4X). T h e  ratios between the two sets of 
ERhf values ranged from 1.0 to 7.6 (average of 1.63, 
N = 25). T h e  average ratios between the two sets of 
ERhf values was 1.2 for the indiridual PAHs and 1.5 , 
for the trace metals; seven remained unchanged, 
seven decreased, and eight increased. Only one ERM 
value changed by a factor greater than 3.0: total DDT 
(decreased by 7.6X). T h e  ERL and ERhf values for 
p,p'-DDE increased by factors of 1.1 and 1.8, respec- 
tively. T h e  ERL value for total PAHs remained un- 
changed and the EKhl value increased b!. a factor of 
1.3. T h e  results of  these comparisons indicate that the 
guidelines are  relati\.el!. insensitive to changes in the 
database, once the rninimun? data requirements have 
been satisfied. 

T h e  national sediment quality criteria proposed by 
the US Environmental Protection Agency for fluoran- 
thene, acenaphthene, and phenanthrene in salt water 
are based upon equilibrium-partitioning models (US 
EPA 1993a-c). T h e  proposed mean criterion for fluo- 
ranthene is 300 pglg organic carbon (with 95% confi- 
dence limits o f  140 and 640 kglgoc). For acenaph- 
thene the mean criterion is 240 wgigoc (with 95% 
confidence limits of  110 and 500 kglgoc). For 
phenanthrene the mean criterion is 2.10 &g/goc (with 
95% confidence limits of  I I O  and 510 pglgoc). As- 
suming a TOC concentrztion of I%, these criteria 
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1: 

values are equivalent to 3000 (14004400) ppb dry 
weight for fluoranthene: 2400 (1 100-5000) ppb dry 
weight for acenaphthene; and 2400 (1  100-5100) ppb 
dry weight for phenanthrene. The mean criteria ex- 
ceeded the ERhl values of 500 ppb for acenaphthene 
and 1500 ppb for phenanthrene by factors of 4.8, and 
1.6, respectively. The criterion for fluoranthene was 
lower than the ERM by a factor of 1.7. The  criteria 
expressed in units of dry weight would increase with 
increasing TOC concentrations. 

The ERL and ERM values generally agreed within 
factors of two to three with freshwater effects-based 
criteria issued by Ontario (Persaud and others 1992). 
Lowest effect levels and severe effect levels were re- 
ported, based upon a screening level concentration 
(SLC) approach applied to matching benthic commu- 
nity and sediment chemistry data. The  ratios between 
the present ERL values and the lowest effect levels for 
Ontario ranged from 1.25 to 3.1 (average of 1.7) for 
eight trace metals (As. Cd, Cr, Cu. Pb, Hg, Ni, Zn). 
The  ratios between the present ERM values and the 
severe effect levels for Ontario ranged from I .0 to 3.4 
(average of 2.0) for the same eight trace metals. Of the 
16 comparisons. the ERUERM values were lower 
than the respectke values for Ontario in six cases and 
higher in ten cases. 

Among all of these comparisons, most of the guide- 
lines agreed within the recommended factor of 3.0 or 
less. In the worse case, two values (previous and 
present ERL values for acenaphthene) differed by a 
factor of 9.4. 

Merits of the Approach 

This approach attempts to identify the concentra- 
tions of toxicants that are rarely associated with ad- 
verse biological effects and those usually associated 
u,ith effects, based upon data from many studies. The 
advantages of this approach are that guidelines can be 
developed quickly with existing information and that 
they are based upon data gathered from many differ- 
ent studies. An underlying assumption of the ap- 
proach is that, if enough data are accumulated, a pat- 
tern of increasing incidence of biological effects 
should emerge with increasing contaminant concen- 
trations. 

Data from all available sources were considered in 
this study, including those from equilibrium-parti- 
tioning models, spiked sediment bioassays, and nu- 
merous field surveys. The modeling and bioassay 
methods differ considerably from those uscd in the 
field studies, since they generally are performed with 
single chemicals as i f  they were acting alone. The field 
studies invariably involve complex mixtures of con- 

taminants, acting synergistically, additively, or  antag. 
onistically. Whereas the modeling studies and spiked 
sediment bioassays can be used to establish cause- 
effect relationships for single chemicals, the data 
from field studies cannot esrablish such relationships. 
However, the data from field studies of complex mix- 
tures reflect real-world, natural conditions in ambient 
sediments. We believe that the most meaningful as- 
sessment tools are those that are based upon evidence 
from and agreement among 211 three of these meth- 
ods. If data compiled from different study areas with 
different pollution histories and physical-chemical 
properties converge upon ranges of contaminant con- 
centrations that are usually associated with effects, 
then guidelines derived from those studies should be 
broadly applicable to many other areas and situations. 
Therefore, in this report, the data from numerous 
studies were used to identify the concentrations of 
individual chemicals that were rarely, occasionally, 
and usually associated with effects. 

The biological data compiled for derivation of the 
guidelines included a variety of different taxonomic 
groups and toxicological end points. The sensitivities 
of the tasa to toxicants may have differed consider- 
ably, and. ther-efore, contributed to variability in the 
data base. However, we believe that the inclusion of 
data from multiple taxa ensures the broad applicabil- 
ity of the guidelines and the protection of a diversity 
of organisms. 

The bioa\,ailability of sediment-associated contam- 
inants is coritrolled to a large degree by cenain physi- 
cal-chemical properties of the sediments. For exam- 
ple, high acid-volatile sulfide (AVS) concentrations 
appear to reduce the bioavailability of cadmium, and. 
possibly, other trace metals in sediments (Di Toro and 
others 1990). Similarly, the influence of increasing 
TOC concentrations in reducing the bioavailability of 
many nonionic organic compounds has been demon- 
strated in modeling and laboratorv studies (Di Toro 
and others 1991. Stvartz and others 1990, Pavlou and 
others 1987). Significant differences in toxicity can 
occur at similar toxicant concentrations over relatively 
small ranges in TOC and/or AVS concentrations (Ad- 
ams and others 1992). 11 has been argued that sedi- 
ment quality criteria are indefensible if they do not 
account for factors that control bioavailability (Di 
Toro and others 1991). The data evaluated in the 
present analysis were not normalized to either TOC 
or AVS concentrations, since only a small minority of 
the reports that were encountered included results 
for these parameters. Nevertheless, the present evalu- 
ation indicates that the guidelines derived using the 
approach reported herein are accurale for lnost 
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chemicals and agree reasonably well with o ther  guide- 
lines. Therefore, they a re  likely to be reliable tools in 
sediment quality assessments. 

M'hile factors that a re  thought to control bioavail- 
ability were not considered explicit), surely they were 
operative in the tests of field-collected sediments and 
influenced the bioavailability of all of t h e  potential 
toxicants. However, the data that were encountered 
indicated that T O C  concentrations usually ranged 
from 1% to 3% in most study areas. In  contrast, the 
concentrations of some chemicals differed by several 
orders of magnitude among the same samples. These 
observations suggest that, over lhese large concentra- 
tion gradients, the relatively srnall differences in T O C  
andlor AVS concentrations may have been relatively 
unimportant in controlling toxicity or ,  otherwise, 
were masked in the data analyses. 

Since the data bases used to develop the present 
guidelines included data from many field studies, the 
guidelines may tend to be more  protective than those 
based upon only single-chemical approaches. T h e  cu- 
mulative (e.g., synergistic) effects of mixtures of toxi- 
cants in ambient sediments, including those not quan- 
tified may tend to drive the apparent effective 
concentrations of individual loxicants downward (i.e.. 
toward lower concentrations). 

Conclusions 

Based upon an evaluation of existing data, three 
ranges in chemical concentrations were detcrnmined 
for 28 chemicals or chemical classes. These  ranges 
were defined by two guideline values: the lower 10th 
percentile (ERL) and the 50th percentile (ERM) of  the 
e f f e c ~data distribution. T h e  incidence of biological 
effects was quantified for each of thcse ranges as an 
estimate of the accuracy o f  the guideltnes. T h e  inci- 
dence of effects usualls u,as less than 25% at  concen- 
trations below the ERL values. For most chcmicals, 
the incidence of effects increased markedly as the 
concentrations increased. Furthermore, the inci-
dences of effecu often were greater than 75% (occa-
sionally 100%) at concentrations that exceeded the 
ERM values. However. for a few chenlicals (especiallv 
mercury, nickel, total PCBs, total DDT, and p.p'-
DDE) there were relatively weak relationships be- 
tween their concentrations and the incidence of ef- 
fects. T h e  guideline values reported herein generally 
agreed within factors o f  3 X  or  less with guidelines 
derived earlier using the same methods applied to a 
different data base and with guidelines developed 
with other methods. T h e  numerical guiclcli~tes should 
be used as infornlal screening tools in environmental 

assessments. T h e y  a re  not intended to preclude the 
use of toxicity tests o r  other measures of biological 
effects. T h e  guidelines should be accompanied by the 
information o n  t h e  incidence of effects. T h e  percent 
incidence data may prove useful in estimating the 
probability of observing similar adverse effects within 
the defined concentration ranges of particular con- 
taminants. 
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